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A B S T R A C T

Background

Annual influenza vaccination of institutional health care workers (HCWs) is advised in most
Western countries, but adherence to this recommendation is generally low. Although
protective effects of this intervention for nursing home patients have been demonstrated in
some clinical trials, the exact relationship between increased vaccine uptake among HCWs and
protection of patients remains unknown owing to variations between study designs, settings,
intensity of influenza seasons, and failure to control all effect modifiers. Therefore, we use a
mathematical model to estimate the effects of HCW vaccination in different scenarios and to
identify a herd immunity threshold in a nursing home department.

Methods and Findings

We use a stochastic individual-based model with discrete time intervals to simulate influenza
virus transmission in a 30-bed long-term care nursing home department. We simulate different
levels of HCW vaccine uptake and study the effect on influenza virus attack rates among
patients for different institutional and seasonal scenarios. Our model reveals a robust linear
relationship between the number of HCWs vaccinated and the expected number of influenza
virus infections among patients. In a realistic scenario, approximately 60% of influenza virus
infections among patients can be prevented when the HCW vaccination rate increases from 0
to 1. A threshold for herd immunity is not detected. Due to stochastic variations, the differences
in patient attack rates between departments are high and large outbreaks can occur for every
level of HCW vaccine uptake.

Conclusions

The absence of herd immunity in nursing homes implies that vaccination of every additional
HCW protects an additional fraction of patients. Because of large stochastic variations, results of
small-sized clinical trials on the effects of HCW vaccination should be interpreted with great
care. Moreover, the large variations in attack rates should be taken into account when
designing future studies.

The Editors’ Summary of this article follows the references.

PLoS Medicine | www.plosmedicine.org October 2008 | Volume 5 | Issue 10 | e2001453

PLoSMEDICINE

AR-04046

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 1 of 275   PageID 4587Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 1 of 275   PageID 4587



Introduction

Annual influenza vaccination of institutional health care
workers (HCWs) is advised in most Western countries to
reduce transmission of influenza to vulnerable patients [1]. A
few clinical trials have indeed demonstrated protective
effects of this intervention for patients in nursing homes at
relatively low HCW vaccine uptake rates [2–5]. However
adherence to the recommendation is generally low [6–9] and
it is uncertain what the effect of a further increase of vaccine
uptake among HCWs is and whether herd immunity can be
attained in health care institutions [10]. Empirical data from
previous trials did not reveal a clear association between the
number of HCWs vaccinated and the number of prevented
influenza virus infections in patients. This absence of a clear
association might be due to substantial variation between the
studies in the endpoints measured, the departments (of
varying size) involved, and vaccine coverage among patients.
Furthermore, the effect of HCW vaccination is highly
dependent on annual factors such as influenza virus activity
and the match between the circulating influenza virus strain
and the current vaccine. To control for all uncertainties
potentially modifying the effects of HCW vaccination an
exceptionally large clinical trial would be needed.

We, therefore, propose to disentangle the impact of effect
modifiers with a mathematical model that can simulate the
occurrence of influenza virus infections in a nursing home
department under various vaccination and institutional
scenarios. With the model we aim to elucidate the relation-
ship between HCW vaccination and patient attack rates for a
given department size, vaccine uptake among patients, and
vaccine efficacy. Furthermore, we explore whether herd
immunity can be expected to occur in a nursing home at
higher levels of HCW vaccine uptake.

Methods

Population and Model
We simulate the occurrence of influenza virus outbreaks in

a typical Dutch long-term care nursing home department
with 30 beds (in 15 two-bed rooms) and a team of 30 HCWs.
We assume the 30 HCWs work in shifts of 8 h according to a
weekly schedule, with five HCWs working during the day shift,
three during the evening, and one during the night. As we are
simulating a small population where chance events can have
major effects we use a stochastic transmission model. Below
we describe the essential structure of this model; a detailed
description is presented in the Text S1.

Infection Cycle
According to a standard model for infectious disease

transmission, individuals can be in one of several stages of
influenza virus infection: susceptible, infected but not yet
infectious (exposed), infectious, or recovered/immune (S, E, I,
or R) [11,12]. Susceptible individuals can be infected and
become exposed through contact with infectious individuals
from either inside or outside the department. After a latent
period the exposed individuals become infectious and can
infect others until they recover and become immune.
Individuals acquire immunity either by recovery after
infection or by vaccination prior to the influenza season,
and immune individuals do not return to the susceptible pool
for the remaining season.

Influenza Vaccination
Both patients and HCWs can receive influenza vaccine

prior to the influenza season. We assume vaccination leads to
perfect immunity against infection in a fraction ve1 of
vaccinated patients and ve2 of vaccinated HCWs, where ve1
and ve2 are the vaccine efficacies in the corresponding
populations. In the remaining (1� vei) vaccinated individuals
the vaccine has no effect. In Text S1 (Figure IX) we show that
an alternative assumption (vaccination reduces the proba-
bility of becoming infected for all vaccinated individuals, but
does not lead to complete immunity) leads to qualitatively
similar results.

Contacts
As described above, susceptible individuals can become

infected through contacts with infectious individuals. There-
fore, an individual’s risk of being infected depends on the
frequency of contacts that are made, and the likelihood that
the contacted persons are infectious. The number of
potential contacts of patients and HCWs varies per shift
(day, evening, night). Patients can have contact with other
patients, HCWs, and visitors during day and evening shifts.
During night shifts, patients can only contact their roommate
and HCWs. HCWs can have contacts with other HCWs
working in the same shift and with all patients. We distinguish
between casual and close contacts. Individuals have a casual
contact when they have a conversation, and a close contact
when physical contact is present. We parameterize the
contact model such that the expected numbers of contacts,
specified by type of individuals and kind of contact, matches
the number of contacts that we observed in two nursing home
departments in the Netherlands (Text S1 [Tables III–V]).

Transmission
The occurrence of transmission between contacts is

modeled by sampling from a Bernoulli distribution with
mean set equal to the transmission probability. For every pair
of individuals with a casual or close contact, there is a
probability p1 or p2, respectively, that the virus is transmitted
if the individuals involved in the contact are infectious and
susceptible. We take p2 always larger than p1 to reflect that
transmission is more likely for close contacts than for casual
contacts.

Influenza in the Community
The rate at which influenza virus is introduced into the

nursing home by HCWs, visitors, and patients depends on the
prevalence of the virus in the community. We simulate an
influenza epidemic in a large population (the community)
with a deterministic SIR model (see Text S1 [Figure I]), and
use the associated daily incidence and prevalence rates in our
nursing home model. HCWs are assumed to have many
contacts in the community and the hazard rate of becoming
infected outside the nursing home is equal to the hazard rate
of infection in the community. Visitors and new patients are
chosen at random from the community and the probability
that they are infected when they enter the nursing home is
equal to the community prevalence.

Parameters and Uncertainty Analyses
In the model we use three different parameter types (Table

1): (1) fixed parameters that have the same value in all
simulations; (2) uncertain parameters that we vary in an
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uncertainty analysis; and (3) control parameters that we vary
to study different scenarios.

Fixed parameters. We simulate a period of at least 80 d to
cover the length of a typical national influenza epidemic. If
there are still infected individuals in the department after 80
d, the simulation is continued until no infected individuals
are left. We take time steps of 8 h, equal to the length of a
HCW’s shift. The patients’ average length of stay in the
department is 14 mo [13,14]. The durations of the latent and
infectious periods are exponentially distributed with means
of 1.4 d such that the resulting generation time equals 2.8 d,
which is in agreement with observations of generation times
during influenza epidemics [15,16]. At the start of the
influenza season, 30% of the adult population is assumed to
be immune to infection due to cross protection from earlier
infections (see also Text S1) [17,18]. The elderly however have
a weakened immune system [19,20] and thus we assume
absence of immunological memory of previous infections. In
correspondence with a recently published HCW vaccination
trial, on average 75% of the nursing home patients have been
vaccinated [4].

The contact rates between HCWs and patients are based on
observations of contact behavior in nursing homes. We
determine the probability of contact between two individuals
given their type (HCW or patient) as well as the probability
that this contact is a close contact (involving physical contact)
(Text S1 [Tables III–V]). During their working shift, the
probability that a specific HCW contacts a specific patient is
0.52; the probability that such a contact is a close contact is
0.69. The probability that a specific HCW at work contacts
another HCW on the same shift is 0.91, and the probability
that this contact is close is 0.31. HCWs do not contact visitors
in the department. The probability that a specific patient
contacts a specific HCW at work is consistent with the contact
behavior of HCWs as described above. The probability that a

specific patient contacts another specific patient is 0.13
during the day and evening shifts, and these contacts are close
with a probability of 0.06. During the night shift, patients
contact their room mate, which is assumed to be a casual
contact. During the day and evening shifts, patients can also
contact visitors. All contacts with visitors are close.
Uncertain parameters. Uncertainty in parameters is

handled by Latin hypercube sampling as was first introduced
by McKay et al. [21] and subsequently used for disease
transmission models by Blower et al. [22–25]. For the
parameters patient vaccine efficacy, HCW vaccine efficacy,
transmission probability, and visitor frequency, we choose a
likely range for the parameter values (see Table 1) and draw
actual values from a uniform distribution over this range. For
every scenario under study we make 50 different parameter
sets such that the whole range of possible values for each of
the four parameters is represented equally.
Vaccine efficacy for healthy adults was estimated as 73%

(95% confidence interval (CI) 53%–84%), and therefore we
use a range of values between 50% and 90% [26]. For elderly
nursing home patients the observed vaccine efficacy against
influenza virus infection was not significantly different from
zero [27]. However, as other evidence shows that the vaccine
protects against influenza illness and complications [27,28] we
assume patient efficacy to be between 0% and 50%.
Since no data are available on the probability of trans-

mission for a given contact, we varied the transmission
probability parameter and determined the resulting infection
attack rates. We choose the transmission probability to be
between 0.1 and 0.15 for a casual contact (per shift), such that
the expected infection attack rate among patients in the
absence of HCW vaccination is 23%, corresponding to
observed influenza-like-illness attack rates in a moderate
influenza season [4,29]. The probability of transmission for
close contacts is twice as large as for casual contacts. Varying

Table 1. Parameter Values

Parameter Type Description Value Unity Reference

Fixed Number of beds (n) 30 — —

Number of HCWs 30 — —

Time step (¼shift) 8 h —

Minimum duration of simulation 80 d —

Discharge/mortality rate 1/425 d�1 [13,14]

Rate of becoming infectious after infection 1/1.4 d�1 [15,16]

Infection recovery rate 1/1.4 d�1 [15,16]

Fraction of HCWs immune due to through cross-protection 0.3 — [17,18]

Vaccine uptake patients 0.75 — [4]

Probability of contact between patient–patient 0.07 shift�1 —

Probability of contact between HCW–patient 0.52 shift�1 —

Probability of contact between HCW–HCW 0.91 shift�1 —

Probability of close contact between

patient–patient

0.06 contact�1 —

Probability of close contact between HCW–patient 0.69 contact�1 —

Probability of close contact between HCW–HCW 0.32 contact�1 —

Close/casual transmission probability ratio (p1/p2) 2 — —

Uncertain Vaccine efficacy (against infection) for patients (ve1) 0.25 (0–0.5) — [27]

Vaccine efficacy (against infection) for HCWs (ve2) 0.73 (0.5–0.9) — [26]

Transmission probability casual contact (p1) 0.13 (0.1–0.16) contact�1 —

Average number of visitors 0.7 (0.4–1.0) patient�1 d�1 [30]

Control Vaccine uptake HCWs 0–1.0 — —

doi:10.1371/journal.pmed.0050200.t001
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this value from 1.5 to 2.5 gives qualitatively similar results, see
Text S1 (Figure X). The expected number of visitors was
estimated from a Dutch study on nursing home patients and
visitors to be between 0.4 and 1.0 patient�1 day�1 [30].

To assess the variation in outcome due to stochasticity in
the transmission process, we perform simulations with a
single, default, parameter set (vaccine efficacy HCWs 73%,
vaccine efficacy patients 25%, transmission probability 0.13,
and the expected number of visitors 0.7, see Text S1) and
compare the resulting variance with the one from the baseline
simulation that uses the whole described parameter space.

Control parameters. Simulations are performed for rates of
HCW vaccine uptake of 0, 0.25, 0.5, 0.75, and 1. In addition to a
baseline scenario with a nursing home where patients can
contact other patients, HCWs, and visitors, as described above
(parameters as in Table 1), we study three different scenarios;
(1) extreme scenarios of either a closed department, where
patients cannot receive visitors and thus only contact other
patients and HCWs, or an open department, where patients
are assumed to have many contacts (also outside the nursing
home) and, therefore, have the same probability of being
infected as people in the community; (2) variations in HCW/
patient ratios from 1 in the baseline scenario, consistent with
our nursing home observations, to 1.5, and 0.67. In these
simulations the number of HCWs is varied while the number
of patients remains the same; (3) seasons with high and low
influenza virus activity simulated with community epidemic
curves with total attack rates of 5% and 15%, respectively, as
compared to 10% in the baseline scenario.

In addition to the most plausible scenarios described here,
we show simulations for some other scenarios in Text S1: a
60-bed nursing home department (Text S1 [Figure VI]);
higher levels of immunity due to cross protection among
HCWs (Text S1 [Figure VII]); a pandemic strain (Text S1
[Figure VIII]); an alternative mechanism of vaccine protec-
tion (Text S1 [Figure IX]); other infectiousness ratio between
casual and close contacts (Text S1 [Figure X]); and a high
vaccine efficacy for patients and HCWs (Text S1 [Figure XI]).

Outcome
We study the relationship between the HCW vaccination

rate and the fraction of patients that gets an influenza virus
infection during the influenza season. The patient attack rate
is defined as the total number of infections among patients
divided by the total number of patients in the department
during the study period. For every level of HCW vaccine
uptake we perform 5,000 simulations (100 simulations 3 50
parameter sets) of one nursing home department during one
influenza season. We compute the arithmetic mean and
median of infection attack rates among patients, the standard
error of the mean, the range between 2.5-percentile and 97.5-
percentile, and the proportion of infection attack rates of 0.3
or larger that we use as a proxy for the probability of a large
outbreak. In addition to patient attack rates, we calculate the
mean HCW attack rate, the mean number of introductions of
influenza virus into the nursing home patient population
(introduction rate), and the mean number of infections
among patients following an introduction (patient attack rate
per introduction). Finally, we calculate the absolute and
relative risk differences of acquiring influenza virus infection
for patients in departments where none or all of the HCWs
are vaccinated.

Herd Immunity
The concept of herd immunity has not been defined for a

small population. In contrast to large populations, multiple
introductions (with no or little transmission) in the nursing
home can already affect a considerable fraction of the
population, albeit still few patients. The distinction between
these small outbreaks and larger outbreaks caused by
substantial virus transmission is not always clear. In this
study we use the absence (probability , 0.05) of large
outbreaks (infection attack rate . 0.3) as a proxy for herd
immunity.

Power Analysis
To determine the number of departments needed for a

trial to detect a difference between average HCW vaccination
rates of 0 and 0.5, we use the power calculation for cluster
randomized trials introduced by Kerry et al. [4,31] that is
based on conventional power calculations [32]. We checked
the accuracy of this equation using a simulation approach,
see Text S1. When we use a significance level (a) of 5% and a
power (1�b) of 90% the number of departments required for
each group is: n ¼ 21(sc

2 þ p(1 � p)/m)/d2, where sc
2 is the

between department variance and p(1 � p)/m the within
department variance, p the fraction of individuals in the
department with the outcome, m the number of individuals
per department, and d the expected difference between the
two groups.

Results

Baseline Scenario
An increase in HCW vaccine uptake decreases the expected

influenza virus attack rate among nursing home patients
(Figure 1). The relationship between the fraction of HCWs
vaccinated and the mean patient attack rate appears linear.
In the baseline scenario, with the parameter values as shown
in Table 1, increasing HCW vaccination rate from 0 to 1
decreases the patient attack rate from 0.25 to 0.10, a risk
difference of 0.15 (Figure 1A). Thus, approximately 60% of
the patients that would have been infected without HCW
vaccination are protected when all HCWs are vaccinated
(relative risk 0.41), and seven HCWs have to be vaccinated to
protect one patient from influenza virus infection. This NNT
(number needed to treat) does not change with increasing
vaccine uptake by HCWs, and no herd immunity is reached.
The fraction of departments without infections among
patients increases from 0.30 to 0.48, whereas the fraction of
departments with a large epidemic (attack rates of more than
0.3) decreases from 0.41 to 0.14. Thus there is no evidence of
herd immunity.
In the absence of HCW vaccination, the distribution of

patient attack rates is bimodal, with peaks around attack rates
of 0 and 0.6 (Figure 1B). With higher HCW vaccine coverage,
mean and median patient attack rates decrease (Figure 1A),
and the second peak disappears (Figure 1C and 1D). Due to
stochastic variations the differences between patient attack
rates are high and major outbreaks can occur at all levels of
HCW vaccine uptake. The small standard error of the mean
(, 0.0013 for all levels of HCW vaccine uptake) shows that we
perform a sufficient number of simulations to obtain precise
estimates of the mean, hence the observed variation is not
due to sampling error. Additional simulations show that most
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of the variation is inherent to the chance events in the
transmission process rather than parameter uncertainty
(Text S1 [Figure II]; therefore these additional simulations
justify the use of the mean and percentiles from the Latin
hypercube parameter samples to illustrate the effect of HCW
vaccine uptake on attack rate among patients in Figure 1). In
a parameter uncertainty analysis the visitor frequency
appears to have less impact on the attack rates among
patients than the vaccine efficacies and the transmission
probability (Text S1 [Figures IV and V]).

The effect of increased HCW vaccination on patient
influenza virus attack rate can be attributed to a decrease
in the number of introductions of influenza virus into the
patient population as well as a decrease in the number of
infections among patients following such an introduction
(Figure 2). Both reductions are caused by a decreased number
of influenza virus infections among HCWs (Figure 2).

Scenario Analyses
In the scenarios with an open and closed department the

absolute change in the expected patient attack rate is similar
to that in the baseline scenario (Figure 3A). The relative
change caused by an increase in HCW vaccination rate from 0
to 1 is highest for the closed department (73%). Also in
scenarios with higher and lower influenza virus activity, the
decrease in patient attack rate upon increased vaccination of
HCW is approximately linear (Figure 3B). The absolute
decrease in patient attack rate is highest in the season with
high influenza activity (0.19), but the relative decrease is lower
than that in the baseline scenario (50%). In scenarios with
other HCW/patient ratios (1.5 and 0.67, respectively), the
fraction of HCWs that has to be vaccinated to protect one
patient is similar to what we observed in the baseline scenario
(Figure 3C). The absolute number of HCWs to be vaccinated
is however different (11 and five, respectively). Simulations
for a 60-bed department, alternative vaccine efficacy mech-
anism, and some more parameter variations also give
qualitatively similar results (Text S1 [Figure VI]). In case of

pandemic influenza, with full absence of immunity in the
population, we analyze a best case scenario in which we
assume that a vaccine is available with equal efficacy as the
vaccines for seasonal strains. Without vaccination of HCWs,
in this scenario, major outbreaks occur in all departments
with an average patient attack rate of 0.59. When the HCW
vaccination rate is increased to 1, the patient attack rate
decreases to 0.37, but large outbreaks still prevail (Text S1
[Figure VIII]).

Power Analyses
A power calculation for cluster randomized trials using the

effect estimates and variances of the simulations with the
default parameter set (see Text S1) reveals the need of 184
departments per arm to allow detection of a statistically
significant difference (a¼5%) in patient attack rates between
departments with HCW vaccination rates of 0 and 0.5 with a
90% power (Text S1 [Figure III]). With a simulation approach
we find a need of 169 departments to detect such a difference
at the 5% level with 90% power. In both power calculations
we do not take into account variation due to differences
between departments (e.g., size, HCW/patient ratios, health
state of patients), influenza seasons, and vaccine matching,
which would further increase the number of departments
required.

Discussion

Our model reveals a linear relationship between the
number of HCWs vaccinated and the expected number of
influenza virus infections among patients in a nursing home
department. No threshold for herd immunity can be detected
and even when HCW vaccine uptake is maximal, due to
stochastic effects that are inherent to the transmission
process, the variation in patient attack rates is high and
large outbreaks can occur. In fact, the value of small-sized
clinical trials in estimating the protective effect of HCW
vaccination on patient outcome seems questionable due to

Figure 1. Influenza Virus Attack Rates among Patients for Increasing Health Care Worker Vaccination Rates

(A) Increased vaccination of HCWs decreases the expected influenza virus attack rate among patients. Squares indicate the mean attack rates, dashed
lines the median attack rates, and light blue boxes the 2.5th to 97.5th percentiles.
(B–D) The distribution of the influenza virus attack rates among patients shifts to the left when vaccine uptake among HCWs is increased from 0, to 0.5,
and 1 for (B), (C), and (D), respectively. Each distribution is based on 5,000 simulations.
doi:10.1371/journal.pmed.0050200.g001
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the large impact of chance effects within the small environ-
ment of nursing home departments.

In order to appreciate the results of our modeling study
some possible limitations need to be addressed. First, we
assume that all individuals in the model, whether patient,
HCW, or visitor are equally infectious or susceptible. In
addition, all individuals from the same group are assumed to
have similar contact probabilities. Both assumptions decrease
the heterogeneity in the system, which might have slightly
increased the probability of a major outbreak [12]. Second,
we model the nursing home department as an independent
institute and neglect its potential connections with other
departments. In fact, within a nursing home some of the
introductions of influenza virus in a department may come
from another department. Vaccination of HCWs in all
departments reduces the transmission risk in each of them,
and, thus, provides indirect protection. Therefore, the
protective effect of HCW vaccination per given vaccine will
be higher on the level of an entire nursing home, which might
have led to an underestimation of the impact of HCW
influenza vaccination. Third, we only consider departments
of 30 beds. However, simulations of larger nursing home
departments (see Text S1 [Figure VI]) reveal that department
size has little impact on the qualitative results. Fourth, the

simulated infection attack rates only give an approximate
indication of the corresponding influenza-like illness (ILI)
attack rates. To convert infection attack rates to ILI attack
rates, we use two empirical findings: influenza virus infection
leads to illness in approximately 50% of the cases [33];
approximately 50% of observed ILIs is caused by influenza
virus infection [34,35]. Taken together, the influenza virus
attack rate roughly approximates the observed ILI attack rate.
To our knowledge our model is the first to explore the

effect of HCW vaccination on the occurrence of influenza
virus infections in nursing home patients. The major
advantage of our model over previously performed exper-
imental and observational studies [3–5,36,37] is the possibility
to simulate various levels of HCW vaccine uptake and
perform multiple simulations to minimize the influence of
chance effects. Therefore, it can be used to reinterpret the
outcome of small-scale clinical trials. We find very wide
distributions of patient attack rates that agree with reported
differences in outbreak sizes and attack rates between
departments and seasons [29]. Also due to the diversity in
outcomes, all available data on attack rates in nursing homes
are in line with our simulation results. Our model suggests
that for plausible regions in the parameter space there is no
herd immunity threshold above which all patients are

Figure 2. Effects of Increased Health Care Worker Vaccination on Influenza Virus Attack and Introduction Rates

Increased vaccination of health care workers (HCWs) reduces the influenza virus attack rate among HCWs. It also reduces the rate of introduction of
influenza virus into the patient population and the attack rate among patients following an introduction. As a consequence it reduces the total attack
rate among patients. All relationships appear linear.
doi:10.1371/journal.pmed.0050200.g002

Figure 3. Effects of Increased Health Care Worker Vaccination on Patient Attack Rates in Different Scenarios

For all scenarios under study, the influenza virus attack rate among patient decreases in an approximately linear way when the health care worker
vaccination rate is increased.
(A) The expected attack rates for the open and closed departments, where patients have many or no contacts with individuals from the community,
respectively.
(B) The attack rates for seasons with high (15% community attack rate) and low (5% community attack rate) influenza virus activity.
(C) The attack rates for departments with high and low HCW/patient ratios.
doi:10.1371/journal.pmed.0050200.g003
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protected as was hypothesized before [10,38]. To the contrary,
every additional HCW vaccination protects an additional
fraction of patients and therefore increasing HCW vaccina-
tion rate from 0.8 to 0.9 is as important as increasing it from
0.1 to 0.2. Consequently, if HCW vaccination is adopted as a
policy, benefits are to be expected for every additional
vaccination as long as 100% coverage is not achieved. The
unexpected absence of herd immunity for nursing home
populations can be explained by two facts. First, due to the
low efficacy of the influenza vaccine, especially among the
elderly, the fraction of susceptible individuals remains
substantial even with high vaccination rates. Second, the
nursing home department is not a large closed population,
for which the concept of herd immunity has been established.
Instead it is a small population with many links, through
HCWs and visitors, to a larger community where an influenza
epidemic is ongoing.

Our study further demonstrates the large impact of
stochastic events on patient attack rates, which is of
immediate concern for both the interpretation of previously
performed HCW vaccination trials and the design of future
experimental studies. A power calculation for cluster
randomized trials (a ¼ 0.05, b ¼ 0.10) [31] in which we use
the variances and effect estimates obtained from 5,000
simulations with one parameter set, reveals the need of 184
departments per arm to detect a significant difference in
patient attack rates between departments with HCW vacci-
nation rates of 0 and 0.5. This suggests that the previously
performed trials on HCW vaccination, with six to 23
departments per arm [3–5], were underpowered and cannot
be assumed to give a precise effect estimate of HCW
vaccination. The difference between the small confidence
intervals around the effect estimates in these studies and the
large variance predicted by our model, might be explained by
a difference between the measured sample variance and the
true population variance. With small sample sizes, the sample
variance can deviate substantially from the population
variance [39]. Moreover, the performed trials were based on
secondary endpoints such as ILI, influenza-related hospital
admissions, or (all cause) mortality rather than influenza
infection, which further reduces their power, since these
endpoints occur less often than influenza infection and the
difference between control and intervention groups is
expected to be smaller. These findings should be taken into
account when designing future studies to demonstrate the
generally presumed benefit of HCW vaccination.

Supporting Information

Text S1. Detailed Description of Mathematical Model

Found at doi:10.1371/journal.pmed.0050200.sd001 (1.2 MB DOC).
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Editors’ Summary

Background. Every winter, millions of people catch influenza, a
contagious viral disease of the nose, throat, and airways. Most people
recover completely from influenza within a week or two but some
develop life-threatening complications such as bacterial pneumonia. As a
result, influenza outbreaks kill about half a million people—mainly
infants, elderly people, and chronically ill individuals—each year. To
minimize influenza-related deaths, the World Health Organization
recommends that vulnerable people be vaccinated against influenza
every autumn. Annual vaccination is necessary because flu viruses
continually make small changes to the viral proteins (antigens) that the
immune system recognizes. This means that an immune response
produced one year provides only partial protection against influenza the
next year. To provide maximum protection against influenza, each year’s
vaccine contains disabled versions of the major circulating strains of
influenza viruses.

Why Was This Study Done? Most Western countries also recommend
annual flu vaccination for health care workers (HCWs) in hospitals and
other institutions to reduce the transmission of influenza to vulnerable
patients. However, many HCWs don’t get a regular flu shot, so should
efforts be made to increase their rate of vaccine uptake? To answer this
question, public-health experts need to know more about the relation-
ship between vaccine uptake among HCWs and patient protection. In
particular, they need to know whether a high rate of vaccine uptake by
HCWs will provide ‘‘herd immunity.’’ Herd immunity occurs because,
when a sufficient fraction of a population is immune to a disease that
passes from person to person, infected people rarely come into contact
with susceptible people, which means that both vaccinated and
unvaccinated people are protected from the disease. In this study, the
researchers develop a mathematical model to investigate the relation-
ship between vaccine uptake among HCWs and patient protection in a
nursing home department.

What Did the Researchers Do and Find? To predict influenza virus
attack rates (the number of patient infections divided by the number of
patients in a nursing home department during an influenza season) at
different levels of HCW vaccine uptake, the researchers develop a
stochastic transmission model to simulate epidemics on a computer. This
model predicts that as the HCW vaccination rate increases from 0 (no
HCWs vaccinated) to 1 (all the HCWs vaccinated), the expected average
influenza virus attack rate decreases at a constant rate. In the researchers’
baseline scenario—a nursing home department with 30 beds where
patients come into contact with other patients, HCWs, and visitors—the
model predicts that about 60% of the patients who would have been
infected if no HCWs had been vaccinated are protected when all the
HCWs are vaccinated, and that seven HCWs would have to be vaccinated

to protect one patient. This last figure does not change with increasing
vaccine uptake, which indicates that there is no level of HCW vaccination
that completely stops the spread of influenza among the patients; that is,
there is no herd immunity. Finally, the researchers show that large
influenza outbreaks can happen by chance at every level of HCW vaccine
uptake.

What Do These Findings Mean? As with all mathematical models, the
accuracy of these predictions may depend on the specific assumptions
built into the model. Therefore the researchers verified that their findings
hold for a wide range of plausible assumptions. These findings have two
important practical implications. First, the direct relationship between
HCW vaccination and patient protection and the lack of any herd
immunity suggest that any increase in HCW vaccine uptake will be
beneficial to patients in nursing homes. That is, increasing the HCW
vaccination rate from 80% to 90% is likely to be as important as
increasing it from 10% to 20%. Second, even 100% HCW vaccination
cannot guarantee that influenza outbreaks will not occasionally occur in
nursing homes. Because of the large variation in attack rates, the results
of small clinical trials on the effects of HCW vaccination may be
inaccurate and future studies will need to be very large if they are to
provide reliable estimates of the amount of protection that HCW
vaccination provides to vulnerable patients.

Additional Information. Please access these Web sites via the online
version of this summary at http://dx.doi.org/10.1371/journal.pmed.
0050200.

� Read the related PLoS Medicine Perspective by Cécile Viboud and Mark
Miller

� A related PLoS Medicine Research Article by Jeffrey Kwong and
colleagues is also available

� The World Health Organization provides information on influenza and
on influenza vaccines (in several languages)

� The US Centers for Disease Control and Prevention provide informa-
tion for patients and professionals on all aspects of influenza (in
English and Spanish)

� The UK Health Protection Agency also provides information on
influenza

� MedlinePlus provides a list of links to other information about
influenza (in English and Spanish)

� The UK National Health Service provides information about herd
immunity, including a simple explanatory animation

� The European Centre for Disease Prevention and Control provides an
overview on the types of influenza
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Abstract

In this study, we performed a single centered study of 307 severe acute respiratory

syndrome coronavirus 2 (SARS CoV 2) infected patients. It was found that 

co infection of SARS CoV 2 and influenza virus was common during COVID 19   

outbreak. And patients coinfected with SARS CoV 2 and influenza B virus have a 

higher risk of developing poor outcomes so a detection of both viruses was

recommended during COVID 19 outbreak.

K E YWORD S

co infection, influenza A virus, influenza B virus, SARS CoV 2 infection  

Huihui Yue, Xiaoling Rao, Hong Liu, Jianbo Tian, Peng Zhou, Yan Deng, and Jin Shang contributed equally to this work.

10969071, 2020, 92, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
. By N

ational Institutes O
f H

ealth- on [15/11/2021]. Re-use and distribution is strictly not perm
itted, except for O

pen A
ccess articles

AR-04054

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 9 of 275   PageID 4595Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 9 of 275   PageID 4595



2020FCA026, 2020FCA009; Nat ional Natural

Science Foundation of China,

Grant/Award Number: 81974456

1 | INTRODUCTION

Novel coronavirus disease 2019 (COVID 19) caused by severe acute

respiratory syndrome coronavirus 2 (SARS CoV 2) is becoming a 

serious global public health crisis.1 Thus far, more than 5 000 000

people have been diagnosed with COVID 19 worldwide with over

330 000 deaths.2 Coincidently, influenza viral infection were also

prevalent during this period. In previous studies, co infection of in-

fluenza virus has been reported in a small number of patients with

Middle East respiratory syndrome coronavirus, while the risk of in-

creased or decreased severity of diseases in these co infectious pa-

tients was still controversial.3 Moreover, it has been found that

influenza A virus positive will increase diagnostic difficulties in SARS

CoV 2 infected patients.

4 And influenza viral positive patients were

normally ruled out for testing for SARS CoV 2 in China, who may 

become SARS CoV 2 shedder if the co infection did occur. Therefore,  

it is crucial to investigate the clinical features and impact of

co infection on COVID 19 patients. 

2 | METHODS

2.1 | Study population

A single centered retrospective study was performed in Tongji

hospital (Wuhan, China) between 12 January and 21 February 2020

during the COVID 19 outbreak. SARS CoV 2 infection was con-  

firmed by viral nucleotide positive in quantitative reverse

transcription polymerase chain reaction and influenza virus infection

was diagnosed by influenza virus immunoglobulin M antibody posi-

tive in serum. According to test results, patients were grouped into

three group, including SARS CoV 2 single positive, co infection with  

influenza A virus or co infection with influenza B virus.

2.2 | Statistical analyses

Continuous variables were compared using analysis of variance or

the Kruskal Wallis test, as appropriate. Categorical variables were

assessed using Pearson's χ
2

test or Fisher's exact test, as appropriate.

All significance tests were two tailed, and .05 were considered P ≤

statistically significant different. The results were analyzed using

SPSS for Windows, version 26.0 (IBM Corp, Armonk, NY).

3 | RESULTS

A total of 307 patients were diagnosed as SARS CoV 2 positive 

during the outbreak (Figure 1A). Unexpectedly, there were only

42.7% (131) of SARS CoV 2 single positive patients (Figure  1B). Most

of the SARS CoV 2 infected patients were also positive for influenza 

viruses, including influenza A (49.8%) and influenza B (7.5%), taking

up 57.3% (176/307) in total (Figure 1A,B). Notably, early patients

with COVID 19 were almost all coinfected with influenza B virus

while influenza A virus infection has become prominent in the

co infection patients since 28 January onwards (Figure 1A), which

indicated that the two types of influenza viruses appeared a com-

peting relationship.

To uncovered the clinical risk of this co infection, clinical fea-

tures, laboratory findings and patient outcomes among different

groups were analyzed. In general, there was no difference in age,

gender or severity of illness at the time of admission. Also, there

were no significant differences in heart, liver,kidney function and

coagulation function, and inflammatory mediators among three

groups (Figure 1C and Table S1). Most patients had typical

COVID 19 symptoms including fever and cough regardless

co infection or not, which were also similar to influenza symptoms.

However, patients coinfected with SARS CoV 2 and influenza B virus 

are more likely to have fatigue (13%), abnormalities on chest com-

puted tomography (CT) (100%) or decreased lymphocytes (0.84,

0.68 1.27) and eosinophil (0.00, 0.00 0.01), indicating a more severe 

disease. In contrast, patients coinfected with SARS CoV 2 and 

influenza A virus tended to develop lighter signs of disease, as evi-

denced by a lower frequency of abnormalities on chest CT (94.8%) or

higher levels of lymphocytes (1.06, 0.73 1.41) and eosinophil (0.01,

0.00 0.06) (Figure 1C). Remarkably, although all patients were ad-

ministrated with similar treatment during hospitalization, patients

who were coinfected with influenza B virus have a higher rate of

presenting poor prognosis (30.4%) compared with SARS CoV 2 single 

positive patients (7.6%) or influenza A virus coinfected patients

(5.9%) (Figure 1D).

4 | DISCUSSION

Our study indicated that co infection of SARS CoV 2 and influenza   

viruses is highly prevalent (Influenza A: 49.8% and Influenza B: 7.5%)

during the early time of COVID 19 outbreak in Wuhan (12 January 

21 February 2020), which is significantly different co infection rates

with Influenza A (0.9%) and Influenza B (0%) during a different time

period (3 25th March) in the recently published study in JAMA

5
and

the data (Influenza infection: 0.5%, 10 March 10 May 2020) from

Ozaras et.al
6

published in Journal of Medicine Virology. The differ-

ence might be caused by some underlying factors. On one hand,

circulation of respiratory viruses differs by geographical region and

this may change as COVID 19 epidemic continues as we exit out of

the classical influenza season. Moreover, we have seen a dramatic

decline on the circulating respiratory viruses, likely due to the impact
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of social distancing measures on respiratory virus transmission.
7

Additionally, consistent with the results from Hashemi, et.al and

Ozaras et.al,
6,8

the clinical manifestations in patients coinfected

SARS CoV 2 with influenza present similar symptoms with single 

SARS CoV 2 infection, which further indicates that timely influenza 

virus detection in patients with COVID 19 is necessary so as to

distinguish other respiratory pathogen infection and take appro-

priate treatment measures earlier. Notably, it was found that pa-

tients coinfected with SARS CoV 2 and influenza B virus were more 

likely to develop into severe type illness compared with those coin-

fected with influenza A virus and single SARS CoV 2 infection. More 

importantly, our study revealed that the type of influenza virus is

associated with different clinical outcomes, implying antiflu drug may

b e u s e d t o g e t h e r t o t h e s e c o i n f e c t e d p a t i e n t s w i t h C O V I D1 9

a n d f u r t h e r v e r i f y i n g t h e f a c t t h a t C O V I D1 9 h a  s a l o w  e r

m o r t a l i t y r a t e i  n a r e a s w i t h h i g h f l u v a c c i n a t i o n r a t e s . 9 H o w e v e r ,

w e s h o u l d b e c a  u t i o u s t o i n t e r p r e  t t h e r e s u l t s b e c a u  s e i n f l u e n z a

v i r u s B w a s d o m i n a n t i n t h e e a r l y t i  m e i  n s t e a d o f i  n f l u e n z a v i r u s

A , w h i c h m a y r e s u l t i n a l o n g e r d u r a t i o n o f i l l n e s s i n p a t i e n t s

c o i n f e c t e  d w  i t h S A R SC o V2 a n d i n f l  u e n z a B v i r u s . T h e l i m i t a t i o  n

o f o u r s t u d y i s t  h a t w h e n a n a l y z i n g t h e f a c t o r s a s s o c i a t e d

w i t h p r o g n o s i s i n p a t i e n t s w i t h C O V I D1 9 , w e f a i l t o a d j u s t

c o n f o u n d i n g f a c t o r s , s u c h a s a g e , c o m o r b i d i t i e s a n d s e v e r i t y o f

i l l n e s s c o n s i d e r i n g t h  a t t h e r e w a s n o s t a t i s t i c a l d i f f e r e n c e i n t h e

b a s i c c h a r a c t e r i s t i c s a m o n g t h e s e t h r e e g r o u p s . S e c o n d , t h e

s a m p l e s i z e o f t h i s s t u d y s t i l l n e e d s t o b e f u r t h e r e n l a r g e d t o

m a k e t h e r e s u l t s m o r e c o n v i n  c i n g . I n c o n c l u s i o n , o u r s t  u d y

p r o v i d e d i m p o r t a n t i n f o r m a t i o n o  n c oi n f e c t i o n o f S A R SC o V2

a n d i n f l u e n z a v i r u s e s a n d a d e t e c t i o n o f o t h e r r e s p i r a t o r y

p a t h o g e n w a s s t r o n g l y r e c o m m  e n d e d , w h i c h m a y h a v e p r o f o u n d

i m p a c t o n t h e d i a g n o s i s a n d t h e r a p e u t i c s f o r p a t i e n t s w i t h

C O V I D1 9 .

(A) (B) (D)

(C)

F IGURE 1 Co infection of SARS CoV 2 and influenza viruses among patients. A, Records of daily new cases in a single centered study at   

Tongji hospital (Wuhan, China) from 12 January to 21 February 2020. Flu A: influenza type A virus; Flu B: influenza type B virus. Patients were

grouped into SARS CoV 2 single positive (green color), co infection with influenza A virus (yellow color) or co infection with influenza B virus   

(red color). B, Number of cases and percentage of each group. C, Character, clinical symptoms and laboratory comparison of patients

among these three groups. Continuous variables were described as median and interquartile range (IQR) or mean and standard deviation (SD)

and differences were assessed using analysis of variance (ANOVA) or the Kruskal Wallis test. Categorical variables were expressed as number

(%) and differences between groups were assessed using Pearson's χ
2

test or Fisher's exact test. A, ANOVA; B, the Kruskal Wallis test;

C, Pearson's χ
2 test; D, Fisher's exact test. < .05 was bold. n = 131, 153 or 23 individually unless indicated. D, Disease outcomes for patientsP

among three groups. Favorable means disease alleviated or recovered; poor means disease aggravated with certain deaths. The differences

between groups were assessed using Pearson's χ
2 test or Fisher's exact test. Hs CRP, hypersensitive C reactive protein 
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Vaccines & Immunizations

The Federal Retail Pharmacy Program for COVID-19
Vaccination
A Collaboration Between the Federal Government, States and Territories, and 21 National Pharmacy
Partners and Independent Pharmacy Networks Nationwide

The Federal Retail Pharmacy Program (FRPP) for COVID-19 Vaccination is one part of the federal government’s strategy to
expand access to COVID-19 vaccines for the American public. Pharmacies are readily accessible in communities – with most
Americans living within ve miles of a pharmacy. Recognizing this, the federal government made them a key part of its COVID-
19 vaccination strategy.

The FRPP is designed to use the strength and expertise of pharmacy partners to help rapidly vaccinate the American public.
Through the program, certain retail pharmacies nationwide are receiving COVID-19 vaccine supply directly from the federal
government.

As the supply of vaccine has increased, so has the number of retail locations providing COVID-19 vaccination. Pharmacy
partners use this supply to vaccinate eligible individuals at no cost. The program relies on a collaboration with public health
(CDC and state, local, and territorial health departments) to encourage individuals to go to pharmacies and get vaccinated.

Community outreach remains critical to educating people about the importance of vaccination and where vaccines are
available nearby. For more information, see 12 COVID-19 Vaccination Strategies for Your Community.

Federal Retail Pharmacy Program Highlights

As of Oct. 27, more than 152.7 million doses have been administered and reported by retail pharmacies across
programs in the US, which includes 8 million doses administered onsite to long-term care facilities in the early days of
the vaccination program.

A total of 21 retail pharmacy partners are participating in the program, with more than 41,000 locations online and
administering doses nationwide. This includes long-term care pharmacies.

Increasing the number of places where people can get vaccinated will help ensure more people are protected, ultimately
helping us end this pandemic. This partnership involves 21 national pharmacy partners and independent pharmacy
networks, representing over 41,000 retail and long-term care pharmacy locations nationwide. In addition, COVID-19COVID-19
vaccine is vaccine is free of charge for everyonefree of charge for everyone.

Participating pharmacies will bill private and public insurance for the vaccine administration fee. For uninsured patients,
this fee will be reimbursed through the Health Resources and Services Administration’s Provider Relief Fund .

How the Federal Retail Pharmacy Program Works
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Participating Retail
Pharmacies by State


Connecting Long-term Care
Settings with Federal
Pharmacy Partners


Retail Stories from the Field



COVID-19 Vaccine Eligibility and Availability
Everyone 5 years of age and older is now eligible to get a COVID-19 vaccination.

You can visit Vaccines.gov; text your zip code to 438829 (GETVAX); call 1-800-232-0233; or check your state health
department website. Visit How Do I Get a COVID-19 Vaccine to learn more.

Individuals interested in getting vaccinated at their local pharmacy should check the pharmacy’s website to nd out if
COVID-19 vaccine is available. Most pharmacy locations are now o ering walk-in vaccination appointments as supply
allows.

› Get answers to commonly asked clinical questions that apply to all authorized COVID-19 vaccines:et answers to commonly asked clinical questions that apply to all authorized COVID-19 vaccineGet answers to commonly asked clinical questions that apply to all authorized COVID-19 vaccines:nswers to commonly asked clinical questions that apply to all authorized COVID-19 vaccines: COVID-19 Vaccine
FAQs for Healthcare Professionals.

› Learn more about who is eligible for a COVID-19 vaccine booster shot:Learn more about who is eligible for a COVID-19 vaccine booster shot: COVID-19 Vaccine Booster Eligibility.

Additional Resources

Pediatric COVID-19 Operational Planning Guide

COVID-19 Vaccines for Children and Teens

COVID-19 Vaccines Are Free to the Public

CDC COVID Data Tracker

Health Resources and Services Administration’s Provider
Relief Fund
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The Possibility of COVID-19 after Vaccination:
Breakthrough Infections
Updated Nov. 9, 2021

COVID-19 vaccines are e ective at preventing infection, serious illness, and death. Most people who get COVID-19 are
unvaccinated. However, since vaccines are not 100% e ective at preventing infection, some people who are fully
vaccinated will still get COVID-19.

An infection of a fully vaccinated person is referred to as a “vaccine breakthrough infection.”

Bottom Line: COVID-19 vaccines protect everyone ages 5Bottom Line: COVID-19 vaccines protect everyone ages 5
years and older against severe illness, including diseaseyears and older against severe illness, including disease
caused by the Delta variant and other variantscaused by the Delta variant and other variants
circulating in the United States.circulating in the United States.

Key Points
COVID-19 vaccines protect everyone ages 5 years and older from getting infected and severely ill, and signi cantly
reduce the likelihood of hospitalization and death.

Getting vaccinated is the best way to slow the spread of COVID-19 and to prevent infection by Delta or other variants.

A vaccine breakthrough infection happens when a fully vaccinated person gets infected with COVID-19. People with
vaccine breakthrough infections may spread COVID-19 to others.

Even if you are fully vaccinated, if you live in an area with substantial or high transmission of COVID-19, you – as well as
your family and community – will be better protected if you wear a mask when you are in indoor public places.

People who are immunocompromised may not always build adequate levels of protection after an initial 2-dose primary
mRNA COVID-19 vaccine series. They should continue to take all precautions recommended for unvaccinated people,
until advised otherwise by their healthcare professional. Further, CDC recommends that moderately to severely
immunocompromised people receive an additional primary dose of vaccine.

What We Know about Vaccine Breakthrough Infections
Vaccine breakthrough infections are expected. COVID-19 vaccines are e ective at preventing most infections. However,
like other vaccines, they are not 100% e ective.

Fully vaccinated people with a vaccine breakthrough infection are less likely to develop serious illness than those who
are unvaccinated and get COVID-19.

Even when fully vaccinated people develop symptoms, they tend to be less severe symptoms than in unvaccinated
people. This means they are much less likely to be hospitalized or die than people who are not vaccinated.

People who get vaccine breakthrough infections can be contagious.

•

•
•

•

•

•

•

•

•

CDC is collecting data on vaccine breakthrough infections and is closely monitoring the safety and eCDC is collecting data on vaccine breakthrough infections and is closely monitoring the safety and eDC is collecting data on vaccine breakthrough infections and is closely monitoring the safety and eCDC is collecting data on vaccine breakthrough infections and is closely monitoring the safety and eDC is collecting data on vaccine breakthrough infections and is closely monitorin ectiveness of alectiveness of all
Food and Drug Administration (FDA) approved and authorized COVID-19 vaccinesFood and Drug Administration (FDA) approved and authorized COVID-19 vaccines

COVID-19
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Food and Drug Administration (FDA) approved and authorized COVIDFood and Drug Administration (FDA) approved and authorized COVID 19 vaccines.19 vaccines.

Because vaccines are not 100% e ective, as the number of people who are fully vaccinated goes up, the number of
vaccine breakthrough infections will also increase. However, the risk of infection remains much higher for unvaccinated
than vaccinated people.

The latest data on rates of COVID-19 cases, hospitalizations and deaths by vaccination status are available from the CDC
COVID Data Tracker.

Vaccine Breakthroughs and Variants
CDC continues to actively monitor vaccine safety and e ectiveness against new
and emerging variants for all FDA-authorized COVID-19 vaccines. Research shows
that the FDA-authorized vaccines o er protection against severe disease,
hospitalization, and death against currently circulating variants in the United
States. However, some people who are fully vaccinated will get COVID-19.

The Delta variant is more contagious than previous variants of the virus thatThe Delta variant is more contagious than previous variants of the virus that
causes COVID-19. However, studies so far indicate that the vaccines used in thecauses COVID-19. However, studies so far indicate that the vaccines used in the
United States work well against the Delta variant, particularly in preventing severeed StateUnited States work well against the Delta variant, particularly in preventing severei
disease and hospitalization.disease and hospitalization.

Overall, if there are more COVID-19 infections there will be more vaccine
breakthrough infections. However, the risk of infection, hospitalization, and death
are all much lower in vaccinated compared to unvaccinated people. Therefore,
everyone ages 5 years and older should get vaccinated to protect themselves and
those around them, including family members who are not able to be vaccinated
from severe disease and death.

E ectiveness of COVID-19

Vaccines

›

What We Know about How

Well COVID-19 Vaccines Are
Working

›

How CDC Monitors Breakthrough Infections
CDC has multiple surveillance systems and ongoing research studies to monitor the performance of vaccines in preventing
infection, disease, hospitalization, and death. CDC also collects data on vaccine breakthrough infections through outbreak
investigations.

Examples of CDC’s Systems for Monitoring:

About COVID-NET
One important system that CDC uses to track vaccine breakthrough infections is COVID-NET (the Coronavirus Disease
2019 [COVID-19]-Associated Hospitalization Surveillance Network). This system provides the most complete data on
vaccine breakthrough in the general population. COVID-NET is a population-based surveillance system that collects
reports of lab-con rmed COVID-19-related hospitalizations in 99 counties in 14 states.

COVID-NET covers approximately 10% of the U.S. populationCOVID-NET covers approximately 10% of the U.S. population. One recent COVID-NET publication assessed the
e ectiveness of COVID-19 vaccines in preventing hospitalization among adults ≥ 65 years. This system provides complete
data on vaccine breakthrough hospitalizations in the general population.
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p y g

Outcome monitoredOutcome monitored Population monitoredPopulation monitored
MonitoringMonitoring
systemsystem

Infection Long-term care facility residents NHSN

Infection and symptomatic illness Healthcare providers and frontline workers HEROES/RECOVER

Hospitalization and deaths Hospitalized adults IVY

Hospitalization and deaths Hospitalized people (all ages) COVID-NET

Urgent care, emergency care,
hospitalization and deaths

Urgent care, emergency departments, and
hospitalized people (all ages)

VISION 

Voluntary Reporting by State Health
Departments
When the United States began widespread COVID-19 vaccination, CDC put in place
a system where state health departments could report COVID-19 vaccine
breakthrough infections to CDC.

On May 1, 2021, after collecting data on thousands of vaccine breakthrough
infections, CDC changed the focus of how it uses data from this reporting system.

One of the strengths of this system is collecting data on severe cases of
vaccine breakthrough COVID-19 since it is likely that most of these types of
vaccine breakthrough cases seek medical care and are diagnosed and
reported as a COVID-19 case.

Persons with asymptomatic or mild cases of vaccine breakthrough infections
may not seek testing or medical care and thus these types of vaccine
breakthrough cases may be underrepresented in this system. For this reason,
CDC relies on a variety of additional surveillance approaches to ensure that it
is collecting information on all types of vaccine breakthrough cases.

CDC continues to monitor data on all cases reported by state health
departments as vaccine breakthrough cases. Currently, 49 states have
reported at least one vaccine breakthrough infection to this system.

•

•

•

CDC monitors reported data onCDC monitors reported data on
hospitalized and fatal vaccinehospitalized and fatal vaccine
breakthrough cases tobreakthrough cases to
understand:understand:

Patterns by age and sex.

The speci c types or brands
of vaccine involved.

Underlying health
conditions in these persons.

Which COVID-19 variants
are observed in persons
who are hospitalized or
who die.

•
•

•

•

Last Updated Nov. 9, 2021
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a b s t r a c t

Background: Researchers are working at unprecedented speed to develop a SARS-CoV-2 vaccine. We
aimed to assess the value of a hypothetical vaccine and its potential public health impact when prioriti-
zation is required due to supply constraints.
Methods: A Markov cohort model was used to estimate COVID-19 related direct medical costs and deaths
in the United States (US), with and without implementation of a 60% efficacious vaccine. To prioritize the
vaccine under constrained supply, the population was divided into tiers based on age; risk and age; and
occupation and age; and outcomes were compared across one year under various supply assumptions.
The incremental cost per quality-adjusted life-year (QALY) gained versus no vaccine was calculated for
the entire adult population and for each tier in the three prioritization schemes.
Results: The incremental cost per QALY gained for the US adult population was $8,200 versus no vacci-
nation. For the tiers at highest risk of complications from COVID-19, such as those ages 65 years and
older, vaccination was cost-saving compared to no vaccination. The cost per QALY gained increased to
over $94,000 for those with a low risk of hospitalization and death following infection. Results were most
sensitive to infection incidence, vaccine price, the cost of treating COVID-19, and vaccine efficacy. Under
the most optimistic supply scenario, the hypothetical vaccine may prevent 31% of expected deaths. As
supply becomes more constrained, only 23% of deaths may be prevented. In lower supply scenarios, pri-
oritization becomes more important to maximize the number of deaths prevented.
Conclusions: A COVID-19 vaccine is predicted to be good value for money (cost per QALY gained <
$50,000). The speed at which an effective vaccine can be made available will determine how much mor-
bidity and mortality may be prevented in the US.
� 2021 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

The novel coronavirus (SARS-CoV-2) was first identified in
humans in late 2019. As of November 30, 2020 there were over
63 million cases of novel coronavirus disease 2019 (COVID-19)
confirmed worldwide, with approximately 20% of these cases
reported in the United States (US) [1]. The health and economic
consequences of COVID-19 have been staggering. As of November
30, 2020, there were over 269,000 related deaths reported in the
US [1], and a recent estimate has predicted that if 20% of the US
population were to get infected, direct medical costs incurred, just

during the course of the infection, could be as high as $163.4 billion
[2]. This estimate does not include medical costs related to post-
infection care or worsening of unrelated diseases due to postpone-
ment of preventive care and diagnosis, non-medical costs such as
productivity losses due to absenteeism and premature mortality,
or declines in economic activity.

In response to this global health emergency, researchers are
working at unprecedented speed to find an effective vaccine and
there are at least twenty potential candidates being tested in
human clinical trials [3]. As of November 30, 2020, five of the can-
didates selected by the US government’s OperationWarp Speed are
in Phase 3 trials, with two (Moderna’s mRNA-1273 and Pfizer/
BioNTech’s BNT162) having applied for emergency use authoriza-
tion. While clinical trials will determine whether the vaccine can-
didates are safe and efficacious against SARS-CoV-2 infection,
important questions concerning the value of such vaccines remain:

https://doi.org/10.1016/j.vaccine.2020.12.078
0264-410X/� 2021 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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what role could a successful vaccine have in reducing the substan-
tial burden of COVID-19 and, in a world where vaccine supply may
initially be much lower than demand, which target groups should
be prioritized for vaccination?

In the event of limited vaccine supply in the US, a strategy to
target priority groups will likely be developed to guide the roll-
out of vaccination programs. Groups may be prioritized based on
a variety of criteria, including health benefit to the vaccinated indi-
vidual and to others who may be protected indirectly, cost-
effectiveness (i.e., where can we achieve the most health benefit
per dose or per dollar spent?), and social and ethical considerations
such as occupational priorities and attention to vulnerable popula-
tions [4–6].

To help address these important questions, we developed a
mathematical model to assess the public health and economic
impacts in the US of a hypothetical vaccine for SARS-CoV-2. Our
focus was on estimating its potential value (based on cost-
effectiveness) for vaccinated individuals, when distributed accord-
ing to three different tier-based vaccination prioritization schemes.
These include a simple age-based strategy, a risk-group-based
strategy, and a strategy based on a combination of occupational
groups and age. Outcomes predicted by our analysis, including
estimates of clinical outcomes and vaccine cost-effectiveness by
vaccination tier, should be helpful in guiding priority-setting deci-
sions given constraints on vaccine availability as successful compa-
nies ramp up their production before and following regulatory
approvals.

2. Methods

2.1. Study design

We used a Markov model with five health states (Fig. 1) to
follow the US population for 1 year after vaccine supply is first

available for use. The model compares various prioritization
schemes for a hypothetical COVID-19 vaccine for adults aged
18 years and above to a no vaccine scenario.

2.2. Model structure

Individuals enter the model (Fig. 1, panel A) as either suscepti-
ble to SARS-CoV-2 infection (‘‘Susceptible”), previously infected
with SARS-CoV-2 that was never detected (‘‘Undetected Infec-
tion”), or recovered following a detected SARS-CoV-2 infection
(‘‘Recovered”). At the end of each weekly cycle, individuals can
transition to other health states (e.g., become infected, recover,
or die) or remain in their current health state, as indicated by the
arrows in Fig. 1. Patients in the ‘‘Detected Infection” health state
remain there for only one cycle, during which they enter a proba-
bility tree which allocates patients through various levels of
COVID-19 treatment (with or without hospitalization, +/- intensive
care unit (ICU), +/- mechanical ventilation) to their ultimate reso-
lution (recovered or dead) (Fig. 1, panel B). Individuals in the
‘‘Undetected Infection” and ‘‘Recovered” states remain in these
states until they die or the end of the time horizon, as we assume
that no reinfection occurs in the 1-year period. Each week, individ-
uals in the ‘‘Susceptible”, ‘‘Undetected Infection” or ‘‘Recovered”
health states may also die from non-COVID-19 causes.

We assumed that individuals in the ‘‘Recovered” state are not
eligible for vaccination because they have all been diagnosed with
a SARS-CoV-2 infection. However, individuals in the ‘‘Susceptible”
and ‘‘Undetected Infection” states can receive vaccine, even though
the latter group is assumed to have developed natural immunity
that persists until at least the end of the 1-year time horizon. Vac-
cine efficacy was modeled as reducing the probabilities of transi-
tioning from the ‘‘Susceptible” state to the ‘‘Undetected
Infection” or ‘‘Detected Infection” states.

2.3. Model parameters

Additional details on model parameters are found in the
Appendix.

2.3.1. Population characteristics and vaccination prioritization
schemes

Every adult (18 years and older) in the US is eligible to receive
the vaccine, but a tier-based approach was used to create three pri-
oritization schemes to allocate the supply of vaccine as it becomes
available over the 1-year time horizon. Within a prioritization
scheme, target groups were created based on characteristics such
as age and risk of COVID-19 complications. Each target group is
then assigned to a priority tier (tier 1 is the highest priority to
receive vaccination). When individuals fall within more than one
defined target group, they are assumed to be vaccinated according
to their highest priority tier. For the age-based prioritization
scheme, adults are divided into three tiers and vaccinated sequen-
tially from oldest (tier 1) to youngest (tier 3) [5]. For the risk-based
prioritization scheme, priority is given to high-risk groups defined
by residency in nursing homes (without consideration of age),
presence of medical conditions that increase the risk of COVID-
19 complications, and older age. For the occupational prioritization
scheme, those considered to have a priority occupation in the Cen-
ters for Disease Control and Prevention’s (CDC’s) 2018 influenza
pandemic plan [4] are placed in tier 1. The remaining adult popu-
lation is placed into tiers based on age. The number of eligible indi-
viduals in each tier for each prioritization scheme is shown in
Table 2.

Within each prioritization scheme, tier groups were assumed to
be vaccinated, starting with tier 1, on a weekly and uniform basis
according to the weekly vaccine supply. Once the population in
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Fig. 1. Structure of the model of SARS-CoV-2 infection and COVID-19 progression.
(A) Markov health states showing allowed transitions. (B) Probability tree linking
transitions from the ‘‘Detected Infection” state in the Markov model. Arrows
represent the movements between the health states. Death from ‘‘Detected
infection” is due to COVID-19 while death from all other health states is due to
other causes. ICU, intensive care unit.
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each tier has been vaccinated, individuals in the next tier become
eligible for vaccination. Given that most of the vaccines expected
to be first-to-market will involve a two-dose schedule [7], a two-
dose vaccine with the second dose given at least four weeks after
administration of the first dose was assumed. In all scenarios, sec-
ond doses are prioritized ahead of vaccinating new individuals in a
lower priority tier. This step-wise vaccination process continues
until all tiers are vaccinated according to their predicted coverage
rate or until the end of the analysis time horizon, whichever occurs
first. Coverage rates by age, based on 2018–19 general population
influenza coverage data [8], were applied to the first dose, and the
ratio of second-dose coverage to first-dose coverage was based on
data for childhood vaccinations [9] (Table 1).

2.3.2. Vaccine supply
A hypothetical vaccine supply over time was estimated based

on the scale and timing of four manufacturers’ public disclosures
[10–13]. Funding from programs such as Operation Warp Speed
has allowed these companies to begin manufacturing doses at
industrial scale before Phase 3 trials are complete, so that there
is a stockpile of doses available when the vaccine receives regula-
tory approval. Exponential regression models were fit to each man-
ufacturer’s disclosed estimates of US cumulative stock availability
starting at launch to estimate weekly supply forecasts in the first
year. For the ‘‘high supply” scenario, four vaccines are successfully
launched and supply is fulfilled as estimated in these disclosures.
For a ‘‘medium supply” scenario, manufacturers’ estimated final
supply is delayed by one quarter, while for the ‘‘low supply” sce-
nario, final supply is delayed by two quarters. The resultant curves,
shown in the Appendix (Fig. A1), predict that a varying number of
doses will be available at launch within the US, with a total of
529.2, 413.3, and 413.3 million doses available respectively after
one year (i.e., sufficient to vaccinate 264.6, 206.7, and 206.7 million
persons). In addition, a hypothetical ‘‘immediate supply” scenario
wherein sufficient doses are available to vaccinate all individuals
in the first week following launch was created in order to compare
strategies without regard for delayed access.

2.3.3. Transition probabilities
COVID-19-related transition probabilities were estimated using

a two-stage calibration process. First, the age-specific risks of
COVID-19-related hospitalization, admission to ICU with or with-
out ventilation, and death from any location for individuals in a
‘‘Detected Infection” state were estimated separately for those
with serious medical conditions versus those without, using data
from the CDC case surveillance from January to May 2020 [14],
the COVID-NET hospital surveillance system [15], and US studies
of the outcomes of hospitalized COVID-19 patients [16,17]. Second,
the SARS-CoV-2 attack rates were estimated by calibrating to mor-
tality targets generated using forecasts from the Institute for
Health Metrics and Evaluation (IHME) model available on July 22,
2020 [18]. The base case scenario was based on the IHME’s refer-
ence scenario, while their best case (95%mask usage in public loca-
tions) and worst case (mandates easing) were used in sensitivity
analyses. By November 2020, the incidence rates had increased
beyond IHME’s worst case scenario so an additional sensitivity
analysis where base case incidence rates where doubled has been
added. Based on the IHME’s estimates of total and detected infec-
tions, the attack rate for undetected infections was assumed to
be 1.05 times that for detected infections (i.e., 2.05 true infections
per detected infection). The IHME’s projections were also used to
estimate the proportion of people in the ‘‘Recovered” and ‘‘Unde-
tected Infection” health states at the start of the model (Table 1).
Finally, all-cause mortality from the ‘‘Susceptible”, ‘‘Recovered”
or ‘‘Undetected Infection” states was applied [19].

2.3.4. Vaccine efficacy
Vaccine efficacy was modeled as the proportional reduction in

the probability of SARS-CoV-2 infection (both detected and unde-
tected). The World Health Organization (WHO) and the Food and
Drug Administration (FDA) require a minimum efficacy of 50%
for a COVID-19 vaccine, but the WHO prefers an efficacy of 70%
[20,21]. Therefore, two-dose efficacy was assumed to be 60% in
the base case and varied between 50% and 70% in sensitivity anal-
yses. A third sensitivity analysis of 90% efficacy was also conducted
to reflect public disclosures of preliminary results from Phase 3 tri-
als [22,23]. Single-dose efficacy was assumed to be 40% and 25% of
two-dose efficacy for those aged 18–54 years and 55 years and
above, respectively, based on preliminary immunogenicity data
[24] (Table 1). It was assumed that vaccine efficacy does not wane
during the 1-year time horizon of the analysis.

2.3.5. Resource use, costs and health state utilities
A US health care system perspective was used and all costs are

reported in 2020 US dollars [USD]. The base case cost of the hypo-
thetical vaccine was assumed to be $35 per dose ($70 per course)
[25], while the cost per administration was $14.44 [26]. A single
cost was applied to each patient with a new detected infection,
dependent on their highest level of care, based on the potential
estimated Medicare costs as shown in Table 1 [27]. Disutility tolls
(i.e., reductions in quality-of-life calculated using disutility weights
and health event durations), reflecting impaired health-related
quality-of-life during infection, were applied for those experienc-
ing morbidity due to COVID-19 (Table 1). The expected quality-
adjusted life-years (QALYs) lost due to death attributable to
COVID-19 include both years of life lost and disutility owing to
morbidity over a lifetime horizon (see the Technical Appendix for
details) and were discounted at an annual rate of 3%. In assigning
QALY-tolls for early death, we used average age-specific expected
utility values and did not adjust the values for those with condi-
tions and those without. Those with chronic conditions may gain
fewer lifetime QALYs, but given the range of conditions that
increase risk of COVID-19 complications, it was not possible to
estimate what the difference may be. Therefore, we increased
and decreased baseline age-specific utility values that affect this
calculation by 10% overall to determine the potential effect of
over- or under-estimating the gains in quality-adjusted life expec-
tancy in various sub-populations.

2.4. Analyses

For estimation of the base case cost-effectiveness results, the
‘‘immediate supply” vaccination scenario was modeled to allow
for a full year of benefits to be captured for all vaccinated individ-
uals, regardless of when, in reality, they would have received their
vaccination throughout the year. Given the uncertainty in estimat-
ing the model, a series of deterministic sensitivity analyses were
conducted to explore the impact of alternative inputs and assump-
tions, including alternative sets of attack rates consistent with
available data, and treatment costs for commercial payers versus
Medicare (see Appendix). A second set of analyses was conducted
to compare the deaths, hospitalizations, infections and costs across
one year in the US population under the age-based, risk-based, and
occupational prioritization schemes compared to no prioritization
under the various vaccine-supply conditions.

3. Results

In the base case analysis, the incremental cost per QALY gained
associated with vaccinating the US adult population is $8,200. The
results of the cost-effectiveness analyses for each of the individual
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tiers in the three prioritization schemes are shown in Table 2. For
the age-based and risk-based prioritization schemes, vaccination is
less costly and more effective than no vaccination for the highest
risk individuals in Tier 1. For both schemes, the incremental cost
per QALY gained increases for Tiers that included individuals with
lower risk of hospitalization and death due to COVID-19. For the
occupation-based scheme, the incremental cost per QALY gained
for Tier 1 (priority and critical occupations) is $20,000, while vac-
cination is cost-saving for Tier 2 (age 65 years and above). Cost sav-
ings are not seen in Tier 1 because the overall risks of
hospitalization and deaths are lower in the younger age groups
that comprise these occupations. In addition, the attack rate for
the priority occupations (i.e., health care workers) was assumed
to be the same as the general population. In the base case, the
incremental cost per QALY gained when vaccinating individuals
ages 18 to 49 years is high ($94,000), and even higher when con-

sidering only those in this age group who have no comorbid illness
that increases risk of hospitalization and death ($340,000).

The incremental cost per QALY gained is most sensitive to
changes in the attack rate, the vaccine price, and the costs of hos-
pitalizations, but changes in the amount of disutility experienced
by patients due to the morbidity associated with COVID-19 has
minimal effect (Fig. 2). Varying the expected age-specific baseline
utility has more impact on this outcome as this affects the QALY
loss assigned to deaths from COVID-19. Under base case assump-
tions, a vaccine targeted at the entire population would have to
be priced at over $150 per dose ($300 per course) in order to
exceed an incremental cost per QALY of over $50,000 (Appendix,
Table A7). The detailed results of the sensitivity analyses con-
ducted for the schemes, stratified by tiers, are shown in the Appen-
dix (Table A6). The incremental cost per QALY for the lowest risk
individuals decreases as incidence of disease or vaccine efficacy

Table 1
Model parameters.

Parameter Base case value Source

Vaccine coverage rates
First dose
18 to 49 years 34.9% [8]
50 to 64 years 47.3% [8]
65+ years 68.1% [8]

Second dose (all ages) 87.5% of proportion
receiving first dose

[9]

Population distribution at baseline
Susceptible 92.7%
Undetected Infection 5.2% Estimated from IHME data [18]
Recovered 2.1% Estimated from IHME data [18]

SARS-CoV-2 incidence
Detected infection Appendix Table A3 Described in Appendix
Undetected infection 1.05 times detected

infection rates
Described in Appendix

Decision tree transition probabilities Appendix Table A1 Described in Appendix
Non-COVID-19 mortality rates Appendix Table A1 [19]
Vaccine efficacy (against detected and undetected SARS-CoV-2

infection)
First dose, age 18–49 years 24.0% Assumption
First dose, age 50–59 years 19.5% Assumption
First dose, age 60 + years 15.0% Assumption
Second dose, all ages 60.0% Assumption

Costs
Vaccine (per dose) $35.00 Assumption
Vaccine administration (per dose) $14.44 Code CPT90471 [26]
COVID-19 treatment: ambulatory care only (per event) $228.98 Physician visit ($112) + ED visit ($582 � 20.1% with visit*) [27]
COVID-19 treatment: hospitalization without ICU or ventilator
(per event)

$16,924.00 Physician visit ($112) + hospitalization ($16,812) [27]

COVID-19 treatment: hospitalization with ICU as highest level
of care (per event)

$37,429.00 Physician visit ($112) + midpoint of hospitalization and
hospitalization with ventilator ($37,317) [27]

COVID-19 treatment: hospitalization with ICU + ventilator as
highest level of care (per event)

$57,934.00 Physician visit ($112) + hospitalization with ventilator ($57,822) [27]

Health state utility parameters
Detected infection symptoms disutility weight 0.19 Described in Appendix
Detected infection hospitalization as highest setting disutility
weight

0.30 Described in Appendix

Detected infection hospitalization with ICU as highest setting
disutility weight

0.50 Described in Appendix

Detected infection hospitalization with ICU + ventilator as
highest setting disutility weight

0.60 Described in Appendix

Event durations
COVID-19 symptoms among all confirmed infections 14 days Described in Appendix
Hospitalization among detected infections not requiring ICU

or ventilator
6 days Described in Appendix

Hospitalization among detected infections with ICU as
highest level of care

15 days Described in Appendix

Hospitalization among detected infections with ventilator as
highest level of care

15 days Described in Appendix

ED, emergency department; ICU, intensive care unit; IHME, Institute for Health Metrics and Evaluation.
* Proportion of patients who have an ED visit is assumed to be equal to 20.1% which is the average rate of hospitalization observed in our model, consistent with the approach
utilized by Fiedler and Song, 2020.[27]
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decreases. For example, it is $25,000 for those aged 18 to 49 years
and $110,000 for those aged 18 to 49 years with no comorbid con-
ditions if the incidence pattern shifts and a higher number of
deaths are seen in those under 50 years.

The numbers of infections, hospitalizations and deaths as well
as costs, for scenarios without the vaccine and with a vaccine,
and under different vaccine supply and prioritization schemes,
are shown in Table 3. With no vaccine, 264,600 deaths are

expected in one year in the base case analysis. The number of
deaths prevented ranges from 53,900 to 60,300 with the low vac-
cine supply scenario, 66,400 to 70,500 with the medium supply
scenario, and 82,500 to 83,200 with the high supply scenario,
depending on the prioritization schemes. The difference between
the prioritization schemes narrows as the vaccine supply increases.
While a scenario where there is no prioritization of the vaccine is
not likely, it is included as a hypothetical anchor in the results

Table 2
Base case cost-effectiveness analysis results for the various tiers in each of the prioritization schemes.

Vaccination Tier

1 2 3 4

Age-based prioritization scheme
Description* 65+ yrs 50–64 yrs 18–49 yrs n/a
# eligible for vaccination 56,051,566 63,292,950 139,327,967 –
Base case ICER ** Vaccination Dominatesy $8,000 $94,000 n/a

Risk-based prioritization scheme
Description* � Nursing homes

� 65 + yrs with or without serious
medical condition

� Serious medical condition,
18–64 years

� No serious medical condition,
50–64 yrs

� No serious medical condition,
18–49 yrs

n/a

# eligible ICER for vaccination 56,282,700 92,599,345 109,790,438 –
Base case** Vaccination Dominatesy $10,000 $340,000 n/a

Occupational-based prioritization scheme
Description* Priority� and other critical occupations§ 65+ yrs 50–64 yrs 18–49 yrs
# eligible for vaccination 21,700,000 54,706,166 57,390,550 124,875,767
Base case ICER** $20,000 Vaccination Dominatesy $8,000 $94,000

ICER, incremental cost-effectiveness ratio; n/a, not applicable; QALY, quality-adjusted life-year; yrs, years.
* For each prioritization scheme, individuals are assigned to one tier only; those qualifying for more than one tier are assigned to their highest priority tier. While those

aged < 18 years are included in the model, they are not targeted for vaccination as current clinical trials target only those 18+ years.
y Vaccination dominates: vaccination is less costly and more effective than no vaccination.
� Includes: public health personnel; inpatient health care providers; outpatient and home health providers; health care providers in long-term care facilities; pharmacists
and pharmacy technicians; community support and emergency management; and mortuary services personnel [4].
§ Includes: other health care personnel; emergency services and public safety sector personnel; manufacturers of pandemic vaccine and antiviral drugs; communications/
information technology, electricity, nuclear, oil and gas, water sector personnel, and financial clearing and settlement personnel; critical government personnel; and other
critical government personnel.
** ICER= incremental cost per QALY gained. Base case vaccine price is $35 per dose ($70 per course).

Fig. 2. Tornado diagram showing the impact of the sensitivity analyses on the incremental cost per quality-adjusted life-year gained of vaccination compared to no
vaccination (target population: all adults). BC, base case. *Vaccination dominates no vaccination (it is less costly and more effective) when the base case incidence of infection
is doubled or the estimates of commercial costs are used as inputs. yAlternative values were used for the calibrated probabilities of hospitalization and death following
detected infection as described in the Appendix. �For the base case, single dose efficacy was assumed to be 40% and 25% of full efficacy for those under 55 years and those 55+
years, respectively. This was increased to 40% of full efficacy for everyone in the sensitivity analysis. §Undetected infection incidence was assumed to be 1.05 times the
incidence of detected infection in the base case. This was increased to 1.5 for the sensitivity analysis.
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table. For the low vaccine supply, the number of deaths prevented
with no prioritization is 42,800, which increases to 60,300 deaths
prevented under the age-based and risk-based prioritization
schemes. For high supply, the difference narrows so that 77,000
deaths are prevented with no prioritization while up to 83,200
are prevented with the high-risk prioritization scheme. In all vac-
cine supply scenarios, the occupational prioritization scheme is
expected to prevent fewer COVID-19-related outcomes than the
age-based or risk-based scheme because of the younger ages
reflected in the Tier 1 critical occupations target group in the
model. The hypothetical ‘‘immediate” supply scenario, where there
are no constraints in vaccine delivery, is included in Table 3 to
serve an anchor point. It illustrates the maximum expected effect
of a vaccine under base case efficacy and coverage assumptions
in a perfect world without logistical and supply constraints.

4. Discussion

Our analysis, based on available data, suggests that a COVID-19
vaccine that meets the target product profile of the WHO and the
FDA has the potential to be good value for money. This conclusion
holds even though the model considers only the benefits to vacci-
nated individuals (and not secondary benefits due to reduced
transmission) and direct health care system costs (and not the
value of economic productivity). Vaccination of persons over age
65 appears to be cost-saving because of the high cost and higher
incidence of ICU care and ventilation. Except in the lowest-
priority tier of each strategy, the incremental cost-effectiveness
ratios (ICERs) are well under standard willingness-to-pay thresh-
olds cited in the US, which range from $50,000 to $150,000 per
QALY gained [28]. The results are consistent with an analysis that
found vaccination ($100 per course; 90% efficacy) to be cost-saving
overall considering societal costs [29].

One of the largest influencers of value is the attack rate for the
year following the launch of the vaccine. Current models predict
mortality only several months into the future, as changes in policy
and individual behaviour may affect the course of the disease such
that longer-term estimates are highly uncertain. In all three inci-
dence scenarios considered in this analysis, the overall ICER for
the hypothetical vaccine falls below $50,000 per QALY.

The ICERs for the different tiers in the prioritization schemes are
primarily driven by the risk of hospitalization (which increases
costs) and the risk of death (which leads to substantial loss of
QALYs due to early death). For this reason, the value associated
with the vaccination of priority occupations is lower than other
tiers in our analysis. The WHO [5] and the CDC [6] are discussing
ethical principles that will not be reflected in the ICER but should
be considered when allocating vaccines during a pandemic, includ-
ing the idea that those putting themselves at risk to serve others
during the pandemic may be considered as high priority. Further-
more, our model does not estimate the impact of vaccination on
the transmission of infection between individuals. As individuals
in priority occupations are frequently in contact with COVID-19-
infected persons and others at work, they may be at increased risk
of infection or of spreading the disease if infected. Therefore, the
value associated with vaccinating these individuals may be
underestimated.

Our analysis predicts that the value associated with vaccinating
individuals in the lower risk groups, primarily those under 50 years
of age, is much lower than the value of vaccinating the older age
groups. If a greater portion of the deaths occur in this age group
due to shifting incidence patterns, then the cost per QALY of vacci-
nating these age groups will be lower. Furthermore, while these
younger age groups are at low risk of developing more severe com-
plications from COVID-19, they have been shown to be responsible
for spreading the disease within the community [30]. The value of
vaccinating these individuals is likely underestimated if

Table 3
Base case population-level outcomes under various vaccine supply scenarios.

Vaccine
supply
scenario

Vaccination
strategy

Deaths Hospitalizations Detected infections Costs (millions )

Annual
number

Difference
from no
vaccine

Annual
number

Difference
from no
vaccine

Annual
number

Difference
from no
vaccine

Hospitalizations Vaccination Total

No vaccine n/a 264,602 726,115 3,601,719 $20,628 $0 $20,628

Low No priority 221,785 �16% 621,556 �14% 3,171,221 �12% $17,653 $10,823 $28,476
Low Occupational/

age-based
210,668 �20% 604,383 �17% 3,156,372 �12% $17,161 $10,823 $27,984

Low Age-based 204,253 –23% 595,040 �18% 3,149,627 �13% $16,895 $10,823 $27,718
Low Risk-group-

based
204,298 –23% 594,838 �18% 3,153,147 �12% $16,895 $10,823 $27,718

Medium No priority 207,305 –22% 586,539 �19% 3,028,438 �16% $16,657 $10,823 $27,480
Medium Occupational/

age-based
198,237 �25% 572,768 �21% 3,017,299 �16% $16,263 $10,823 $27,086

Medium Age-based 194,092 �27% 566,570 –22% 3,011,973 �16% $16,085 $10,823 $26,908
Medium Risk-group-

based
194,131 �27% 566,463 –22% 3,014,785 �16% $16,087 $10,823 $26,910

High No priority 187,591 �29% 539,108 �26% 2,835,583 �21% $15,307 $10,823 $26,130
High Occupational/

age-based
182,097 �31% 529,569 �27% 2,821,455 –22% $15,030 $10,823 $25,854

High Age-based 181,526 �31% 528,585 �27% 2,819,933 –22% $15,002 $10,823 $25,825
High Risk-group-

based
181,412 �31% 527,716 �27% 2,821,040 –22% $14,983 $10,823 $25,806

Immediate No priority 179,775 –32% 520,452 �28% 2,760,399 –23% $14,776 $10,823 $25,599
Immediate Occupational/

age-based
179,775 –32% 520,452 �28% 2,760,399 –23% $14,776 $10,823 $25,599

Immediate Age-based 179,775 –32% 520,452 �28% 2,760,399 –23% $14,776 $10,823 $25,599
Immediate Risk-group-

based
179,775 –32% 520,452 �28% 2,760,399 –23% $14,776 $10,823 $25,599

n/a, not applicable.
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vaccination prevents transmission; an analysis with a transmission
model that includes the impact of herd immunity is required to
understand the value of vaccinating younger persons to prevent
community spread. In addition, this age group may be most
impacted by many of the societal costs associated with this pan-
demic, which were not included in the analysis.

As data on COVID-19 are still emerging, assumptions were
made to combine the sources of evolving data to create this model.
The data on the risk of hospitalization and mortality used in this
model were based on early experience with the pandemic. As
many of the cases reported to the CDC were missing data on death
and hospitalization status, Stokes [14] suggests there may be
under-reporting of symptoms. On the other hand, as testing capa-
bilities increase and the proportion of detected asymptomatic
cases increases, the proportion of severe disease in detected cases
will correspondingly decrease. We attempted to control for this by
calibrating to predictions of mortality rather than to predictions of
the number of detected infections when estimating the future
SARS-CoV-2 attack rate. Furthermore, as the pandemic progresses,
emerging therapeutics may decrease the mortality and morbidity
of COVID-19. As the use and effectiveness of future therapies is
uncertain, we conducted sensitivity analyses on incidence, mortal-
ity and cost of hospitalization rather than explicitly incorporating
these therapies into the model.

Hospitalization for COVID-19 is another important driver of
the value of the vaccine as the cost of ICU care and ventilation
is expected to be high. These estimates were based on the cur-
rent billing rules for COVID-19 patients [27], but the true cost
of COVID-19 treatment will not be known until empirical health
economic studies are conducted. We did not include the cost
associated with diagnostic testing, as we assumed that testing
behaviours will not change with vaccination but will continue
until it is clear that the epidemic is controlled. When estimating
the amount of QALYs lost due to death from COVID-19, we
assigned a toll-based on average expected QALYs and did not
adjust for presence or absence of comorbid conditions. To be
conservative, we did not include the health system costs that
may be unrelated to SARS-CoV-2 itself, such as mental illness,
or of conditions that are exacerbated because care is delayed
due to the pandemic. Our analysis does not consider the broader
societal costs such as the productivity costs and patient out-of-
pocket costs associated with the pandemic. Nor does it include
the less tangible costs such as the value of reducing fear of con-
tagion, the value of protecting against future productivity loss
due to illness (insurance value), and improving equity, all of
which have been proposed as part of future frameworks for
cost-effectiveness analyses [31].

We have created hypothetical vaccine supply scenarios by
assuming that vaccine will not get to market as quickly as cur-
rently predicted by manufacturers. Other challenges, including
failure of products during clinical trials, may arise to reduce or
delay the vaccine supply. During the H1N1 pandemic, supply was
not sufficient to meet the demand from the identified priority
groups [32]. Decisions were then made at the local level to priori-
tize vaccines further and the range of recommendations led to pub-
lic confusion as to who was eligible for vaccination. In any
prioritization system, there may be challenges in identifying and
targeting high priority individuals; we have not considered those
costs and challenges in our analysis and made simplifying assump-
tions to model allocation of vaccination by tiers.

Given the lack of data, we did not consider the long-term sequa-
lae that may occur following COVID-19 [33–35]. For an infectious
disease, it is typical that symptoms for acute infections have a
small impact on cost-effectiveness because of their short durations,
while any long-term consequences have a more significant impact.
Finally, we examined the impact of vaccination only in a 1-year

time horizon. If the vaccine provides protection for a longer time
frame, its benefits will increase.

Despite the uncertainties, our analyses demonstrate that a
hypothetical COVID-19 vaccine would be a cost-effective health
care intervention compared to no vaccine. Under the base case
conditions, the vaccine would have to be priced as high as $150
per dose to exceed an ICER of $50,000 per QALY gained when tar-
geted to the entire adult population.
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publication.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2020.12.078.
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Since the identification of SARS-CoV-2 in December 2019, the 

virus has exacted a devastating toll on global health. In the United 

States (US), the COVID-19 pandemic has caused more than 33 mil- 

lion confirmed infections and over 60 0,0 0 0 reported deaths as of 

July 1, 2021. However, recent estimates of undiagnosed infections 

[1] and under-reported deaths [2–4] demonstrate that the true 

burden of COVID-19 in the US, and likely in other countries, has 

not been fully captured. 

In The Lancet Regional Health – Americas , Iuliano et al [4] used 

an excess-mortality Poisson regression model to estimate the num- 

ber of deaths attributable to COVID-19 in the US from March 2020 

to May 2021. By adjusting all-cause death counts for incomplete 

reporting, Iuliano et al [4] fitted their age-stratified model to each 

American state. All-cause excess mortality includes deaths both 

from the virus itself and those that arise from the externalities of 

the pandemic. The excess deaths metric thereby includes deaths 

for which COVID-19 was not necessarily the proximate cause, but 

where an overtaxed healthcare system led to failures in addressing 

other causes of mortality. 

Nationally, Iuliano et al [4] estimated a 24% rate in under- 

reporting, meaning that over 180,0 0 0 additional deaths were either 

directly or indirectly attributable to COVID-19 beyond the 582,135 

that were reported on death certificates by May 2021. The major- 

ity of unrecognized deaths were estimated to have occurred during 

the early months of pandemic spread when the healthcare system 

was overwhelmed and testing inadequate. 

Implementation of testing in the US was considerably slower 

than in other countries. A week following confirmation of the first 

hundred COVID-19 cases, the US had conducted a total of 0.035 

tests per 10 0 0 capita. [5] At this same milestone, countries in the 

European Union ranged between 0.17 and 17.69 tests per 10 0 0 

capita. [5] Initial tests distributed by the US Centers for Disease 

∗ Corresponding author. 

E-mail address: alison.galvani@yale.edu (A.P. Galvani). 

Control and Prevention (CDC) were faulty. [6] While testing gradu- 

ally expanded, it was nonetheless outpaced by the rapid growth of 

the outbreak during the first pandemic wave in the US. The mis- 

match between diagnostic capacity and incidence may have sup- 

pressed reporting rates even as the number of tests produced in- 

creased, particularly during local surges in cases. 

As a result of the delay in testing availability, there was a pro- 

longed period during which many US COVID-19 deaths and cases 

were not identified. Furthermore, a COVID-19 death had been ret- 

rospectively confirmed on February 6, 2020, much earlier than the 

first death contemporaneously reported in Seattle on February 29. 

[7] In addition, the presence of SARS-CoV-2 antibodies from blood 

samples drawn during the week of February 23, 2020 in New York 

City suggests that the virus was circulating there much earlier than 

March 1, the date that the first COVID-19 case was reported in the 

city. [8] Collectively, this evidence suggests that the lag between 

COVID-19 spread and scale-up of testing was even longer than in- 

dicated by confirmed cases alone. 

Without testing, COVID-19 deaths are not included in the con- 

firmed counts. To take into account the impact of such under- 

reporting, the model by Iuliano et al [4] incorporates a state- 

specific covariate that represents the weekly positivity rate of the 

total SARS-CoV-2 tests administered. As more tests are adminis- 

tered relative to the number of cases, the positivity rate falls. Con- 

sequently, this rate may be considered as an inverse indicator for 

completeness in reporting. 

The lack of universal healthcare coverage in the US poses 

challenges during a pandemic unique among high-income coun- 

tries. Prior to emergency federal appropriations, concern about 

medical bills likely deterred people from seeking diagnosis and 

treatment, simultaneously exacerbating both mortality and under- 

ascertainment. [9] In addition, when healthcare systems are over- 

whelmed and nosocomial COVID-19 transmission is rampant, peo- 

ple may be hesitant to seek medical attention. Such barriers to 

healthcare during the pandemic contribute to excess mortality be- 
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yond COVID-19 case fatalities for myriad conditions that can be 

life-threatening if care is not sought promptly. 

The misattribution of COVID-19 mortality to other causes com- 

pounded discrepancies between reported and actual COVID-19 

death counts. For example, COVID-19 can trigger cardiac arrest 

even in the absence of other symptoms. [10] Misattribution would 

have been particularly widespread early in the pandemic when 

our understanding of the clinical manifestations of COVID-19 was 

nascent. 

Soberingly, the results of Iuliano et al [4] indicate that the 

COVID-19 outbreak in the US has been even more devastating to 

public health than is indicated by official reports. Accurate esti- 

mates of mortality burdens attributable to a disease are fundamen- 

tal to decision-making regarding mitigation strategies and optimal 

resource allocation. Under-estimation of the COVID-19 death also 

impacts the willingness of the public to adhere to public health 

recommendations, including vaccination and non-pharmaceutical 

interventions, that are instrumental to controlling the pandemic. 
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Abstract

Background
Nosocomial spread of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)

has been widely reported, but the transmission pathways among patients and healthcare

workers (HCWs) are unclear. Identifying the risk factors and drivers for these nosocomial

transmissions is critical for infection prevention and control interventions. The main aim of

our study was to quantify the relative importance of different transmission pathways of

SARS-CoV-2 in the hospital setting.

Methods and findings
This is an observational cohort study using data from 4 teaching hospitals in Oxfordshire,

United Kingdom, from January to October 2020. Associations between infectious SARS-

CoV-2 individuals and infection risk were quantified using logistic, generalised additive and

linear mixed models. Cases were classified as community- or hospital-acquired using likely

incubation periods of 3 to 7 days. Of 66,184 patients who were hospitalised during the study

period, 920 had a positive SARS-CoV-2 PCR test within the same period (1.4%). The mean

age was 67.9 ( 20.7) years, 49.2% were females, and 68.5% were from the white ethnic

group. Out of these, 571 patients had their first positive PCR tests while hospitalised

(62.1%), and 97 of these occurred at least 7 days after admission (10.5%). Among the

5,596 HCWs, 615 (11.0%) tested positive during the study period using PCR or serological
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tests. The mean age was 39.5 ( 11.1) years, 78.9% were females, and 49.8% were nurses.

For susceptible patients, 1 day in the same ward with another patient with hospital-acquired

SARS-CoV-2 was associated with an additional 7.5 infections per 1,000 susceptible patients

(95% credible interval (CrI) 5.5 to 9.5/1,000 susceptible patients/day) per day. Exposure to

an infectious patient with community-acquired Coronavirus Disease 2019 (COVID-19) or to

an infectious HCWwas associated with substantially lower infection risks (2.0/1,000 sus-

ceptible patients/day, 95% CrI 1.6 to 2.2). As for HCW infections, exposure to an infectious

patient with hospital-acquired SARS-CoV-2 or to an infectious HCWwere both associated

with an additional 0.8 infection per 1,000 susceptible HCWs per day (95% CrI 0.3 to 1.6 and

0.6 to 1.0, respectively). Exposure to an infectious patient with community-acquired SARS-

CoV-2 was associated with less than half this risk (0.2/1,000 susceptible HCWs/day, 95%

CrI 0.2 to 0.2). These assumptions were tested in sensitivity analysis, which showed broadly

similar results. The main limitations were that the symptom onset dates and HCW absence

days were not available.

Conclusions
In this study, we observed that exposure to patients with hospital-acquired SARS-CoV-2 is

associated with a substantial infection risk to both HCWs and other hospitalised patients.

Infection control measures to limit nosocomial transmission must be optimised to protect

both staff and patients from SARS-CoV-2 infection.

Author summary

Whywas this study done?

• Transmission of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in

the hospital setting has been widely reported, but little is known about the incidence

and pathways of transmission.

• Hospitalised patients are especially vulnerable to Coronavirus Disease 2019 (COVID-

19)-associated complications, and infected patients may contribute to the further spread

of SARS-CoV-2 in the community and nursing homes upon discharge.

• Healthcare workers (HCWs) are disproportionately infected with SARS-CoV-2, and a

reduced staff workforce due to SARS-CoV-2 infection may compromise the clinical

management of patients and infection prevention and control measures.

• Improved understanding of the drivers of hospital-acquired SARS-CoV2 infection is

important to prevent and control the spread of SARS-CoV-2 in hospitals.

What did the researchers do and find?

• We collected data from 4 teaching hospitals in Oxfordshire, United Kingdom, from Jan-

uary to October 2020.

PLOS MEDICINE Nosocomial transmission of SARS-CoV-2
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• The data were analysed to find the associations between infectious SARS-CoV-2 indi-

viduals (classified as community- or hospital-acquired) and infection risk posed to the

susceptible individuals using statistical models.

• For susceptible patients, 1 day in the same ward with another patient with hospital-

acquired SARS-CoV-2 was associated with an additional 8 infections per 1,000 suscepti-

ble patients, while exposure to an infectious patient with community-acquired COVID-

19 or to an infectious HCW was associated with substantially lower infection risks of 2

per 1,000 susceptible patients.

• As for HCW infections, exposure to an infectious patient with hospital-acquired SARS-

CoV-2 or to an infectious HCW were both associated with an additional 1 infection per

1,000 susceptible HCWs per day, while exposure to an infectious patient with commu-

nity-acquired SARS-CoV-2 was associated with less than half this risk.

What do these findings mean?

• Our data provide strong evidence that newly infected COVID-19 patients are associated

with a high risk of onward transmission to patients and HCWs in hospital.

• Our findings support enhanced strategies to prevent and identify early hospital-onset

SARS-CoV-2 infection among hospitalised patients, for example, regular screening and

prompt testing to identify these patients.

• Measures to ensure infected staff are not at work, including regular staff screening and

adequate sick pay arrangements, are vital.

• The relatively low risk of transmission associated with patients with suspected commu-

nity-acquired COVID-19 suggests that for these patients, the peak of their infectivity

may have passed such that existing infection prevention and control policies including

universal use of personal protective equipment, prompt testing, and isolation of sus-

pected or known cases are sufficient to mitigate most of the remaining infectiousness.

• The main limitations were that the symptom onset dates and HCW absence days were

not available, which may affect the estimation of the transmission pathways.

Introduction
Nosocomial transmission and outbreaks of Severe Acute Respiratory Syndrome Coronavirus 2

(SARS-CoV-2) have been frequently reported in various healthcare settings since the begin-

ning of the pandemic [1–6]. Reported proportions of hospitalised Coronavirus Disease 2019

(COVID-19) patients suspected to have acquired SARS-CoV-2 in the hospitals vary widely,

ranging from<1% to 20% [7–10], and a national data linkage study in England estimated that

15% of laboratory-confirmed cases among hospital patients were healthcare-associated [11].

Nosocomial transmission of SARS-CoV-2 is of considerable concern. Hospitalised patients

are especially vulnerable to COVID-19-associated complications and mortality [2]. Infected

patients who are asymptomatic or become symptomatic after discharge from the hospital may
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contribute to the further spread of SARSCoV-2 in the community and nursing homes. Health-

care workers (HCWs) are disproportionately infected with SARS-CoV-2 [12–15]. They may

be a key source of viral transmission to patients and fellow colleagues. Reduced staff workforce

due to SARS-CoV-2 infection may compromise the clinical management of patients and infec-

tion prevention and control measures. These threats remain relevant despite the introduction

of vaccines as novel variants can reduce the protection afforded, and their efficacy preventing

onward transmissions may only be partial.

Analysis of detailed individual-level data including information on patients at risk of

becoming infected has been lacking, and the relative importance of different transmission

pathways (e.g., patient to HCW, HCW to patient, HCW to HCW, and patient to patient) has

not, to our knowledge, previously been quantified [16]. Improved understanding of the drivers

of nosocomial SARS-CoV2 infection is of potential value for improving targeting of infection

prevention and control activities in hospitals.

The objectives of this analysis are to use high-resolution individual-level data to quantify

associations between patient characteristics and risks for acquiring nosocomial SARS-CoV-2

infection after adjusting for exposures, describe how risk of acquisition changes both with cal-

endar time and over a patient’s hospital stay, and provide evidence about the relative impor-

tance of different transmission pathways for both patients and HCWs.

Methods

Study cohort

Data were obtained from Oxford University Hospitals, a group of 4 teaching hospitals

(denoted hospital A to D) in Oxfordshire, United Kingdom, from 12 January 2020 to 2 Octo-

ber 2020. Of the 4 hospital sites, 2 (hospitals A and C) have an emergency department and

admitted symptomatic SARS-CoV-2 patients directly from the community. Patient data

included patient demographics, location in the hospital on every day of stay, total length of

stay, and SARS-CoV-2 PCR test results (S4 Text).

SARS-CoV-2 infections in hospital HCWs were identified using PCR results from symptom-

atic and asymptomatic testing at the hospital. Symptomatic testing was offered to staff from

27March 2020 onwards, and staff could participate in a voluntary asymptomatic screening pro-

gramme from 23 April 2020 onwards, offering testing up to once every 2 weeks. Additionally,

probable infections prior to widespread availability of testing were identified in staff without a

positive PCR result, but who were either anti-nucleocapsid or anti-spike IgG antibody positive

and recalled a date of onset of symptoms consistent with COVID-19. These symptoms were the

presence of fever and new persistent cough, or anosmia or loss of taste [17,18].

Data were analysed taking individual infection outcomes for each person day at risk of

infection as the outcome data. Thus, the dependent variable was the binary outcome coded as

1 if the individual at risk became infected on that day and coded as 0 otherwise. Independent

variables were classified as time-fixed and time-varying variables. Time-fixed variables

included age at admission, sex, and ethnicity routinely collected in hospital records. Time-

varying variables included patients’ ward and hospital location, and the number of other

patients and HCWs known to be infected (and likely infectious) present on the same ward

while a patient was at risk of becoming infected with SARS-CoV-2. Hospital HCWs and

patients who were on the same wards on the same day were included in the analysis.

Deidentified patient data and data from HCW testing were obtained from electronic health-

care records using the Infections in Oxfordshire Research Database (IORD), which has generic

Research Ethics Committee, Health Research Authority and Confidentiality Advisory Group

approvals (19/SC/0403, 19/CAG/0144). The study did not have a prospective protocol or
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analysis plan, and the analyses were data driven. This study is reported as per the Strengthen-

ing the Reporting of Observational Studies in Epidemiology (STROBE) guideline (S1

Checklist).

Definitions and assumptions

Incubation period. We assumed that each individual could only be infected once, and

hence, patients and HCWs were no longer at risk for acquiring SARS-CoV-2 after their first

positive PCR test. The day each patient with a potential nosocomial infection became infected

is unknown, but based on knowledge of the incubation period distribution, we expect it to be 1

to 20 days prior to the date of symptom onset, with 83% falling between 3 and 7 days [19]. For

a given incubation period, d, we assume that each patient with a nosocomial infection became

infected d days before the date of symptom onset.

Among 245 inpatients testing positive after developing SARS-CoV-2 symptoms during hos-

pitalisation, the mean interval between symptom onset and their swab for PCR testing was 1

day (interquartile range 1 to 3). Consequently, we assumed that swabs for SARS-CoV-2 PCR

tests after hospital admission were taken in response to COVID-19-like symptom onset 1 day

earlier or, in asymptomatic cases, the swabs were assumed to have been taken 1 day after d + 1

days after the day of infection. The date of each patient’s first positive PCR test refers to the

date the swab was obtained, rather than tested if this differed (Fig 1).

Definitions of nosocomial SARS-CoV-2 infections. Nosocomial SARS-CoV-2 infections

have previously been defined as “probable” when symptoms onset is on day 8 to 14 after

admission and “definite” when symptoms onset is on day>14 after admission [20]. These

increasing thresholds correspond to higher certainties that a case is hospital acquired (S2 Fig)

[20]. In this study, however, we used incubation periods that are the most likely to identify the

exposure risk factors, i.e., the locations and infectious individuals the susceptible individuals

were exposed to, which could have resulted in an observed infection event. Our baseline

Fig 1. Illustration of assumed incubation periods and the data analysed for 6 example patients.We assumed that
PCR tests were performed 1 day after developing symptoms, which were consistent with COVID-19. In this schematic,
an incubation period of 5 days was used. Each hospitalised patient day from admission until (and including) the day of
the assumed infection event (i.e., 6 (incubation period plus 1) days prior to the swab leading to the patient’s first
positive PCR test) or 6 days prior to the day of discharge or death (whichever occurred first) was considered an
observation where the patient was at risk of becoming infected. Each observation, unique to a specific patient on a
specific day, therefore corresponds to an outcome 6 days later when the patient could potentially have a swab taken for
a SARS-CoV-2 PCR test. An observation had a positive outcome (value of 1) if the patient had a positive PCR test for
the first time resulting from a swab taken in the hospital 6 days later, and a negative outcome (value of 0) if the patient
did not have a swab taken or had a swab taken resulting in a negative PCR test 6 days later. The risk factors, e.g., ward,
number of infectious patients, or HCWs in the same ward, for each observation were taken from the day of the
observation itself when the corresponding patient was at risk of becoming infected. COVID-19, Coronavirus Disease
2019; HCW, healthcare worker; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pmed.1003816.g001
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assumption was that the incubation period was 5 days (which is reported to be the median

value) [20], and we therefore define hospital-acquired infections to be any PCR-confirmed

SARS-CoV-2 infection where the patient was a hospital inpatient 6 days prior to the first posi-

tive PCR test. We also report results for sensitivity analyses assuming incubation periods of 3

and 7 days. Community-acquired infections are defined to be any PCR-confirmed infections

in patients who were not hospitalised in the 20 days prior to their first positive PCR tests.

Accounting for varying infectiousness. We assumed that patients were infectious for a

period of 10 days starting a day after the day of presumed infection, consistent with estimates

that 99.7% of onward infection takes place within the first 10 days after the presumed infection

event [21]. HCWs were assumed to be infectious from a day after the day of assumed infection

to the day of symptom onset or 1 day prior to having a positive PCR test (i.e., staff were

assumed to be absent from work after reporting symptoms consistent with SARS-CoV-2 infec-

tion or having a positive PCR test).

In the main analyses presented in the Results section, we considered infectiousness to be

binary. To account for time-varying infectiousness in relation to the time of the presumed

infection event, we repeated the analysis after scaling the numbers of infectious patients and

HCWs in a ward on a particular day by their relative infectiousness, using the generation time

distribution derived by Ferretti and colleagues [21] such that the sum of daily terms for a single

infected patient or HCW who was present in the ward throughout their entire infectious

period would equal one.

Infection prevention and control measures. The hospitals consist of a mix of side rooms

and multioccupancy bays of 2 to 4 individuals. Ventilation in these wards was largely via natu-

ral ventilation with windows. Known SARS-CoV-2–infected patients were cohorted into stan-

dard rooms. There were no airborne isolation rooms. The hospitals’ infection prevention and

control strategies were implemented following the UK national guidelines [22]. Since the first

cases of COVID-19, HCWs showing compatible symptoms were required to immediately iso-

late and obtain a PCR test. Patients were encouraged to wear masks at all times, especially if

leaving their immediate bed area for an investigation. Visitors were generally not permitted

during the pandemic period.

There were 2 major changes made to infection prevention and control measures during the

study period. Prior to 1 April 2020 (phase 1), use of “level-1” personal protective equipment

(PPE; apron, gloves, a surgical face mask, and optional eye protection) was recommended for

contact with patients known or suspected to have COVID-19 with use of “level-2” PPE (gown,

gloves, eye protection, and FFP3/N99 mask) for aerosol generating procedures. From 1 April

2020 (phase 2), in addition to the above, universal level-1 PPE was used for all patients regard-

less of test results or clinical suspicion of COVID-19. From 25 April 2020 (phase 3), addition-

ally, all patients were tested for SARS-CoV-2 by PCR on admission and at weekly intervals

irrespective of symptoms. Further measures were implemented subsequently from June

onwards, which included universal masking and social distancing among staff, contact tracing

and isolation of exposed patients and HCWs, establishment of COVID-19 dedicated areas,

improved triage, and recognition of atypical symptoms in elderly patients.

Statistical models

We first performed exploratory analyses using univariable and multivariable logistic regression

models to determine associations between risk factors and SARS-CoV-2 infection for given

incubation periods (Code block A in S3 Text). Independent variables in these regressions were

chosen to describe the demographics of the individuals, the type of hospital wards, and infec-

tion pressures from patients and HCWs. The same set of variables were used in both
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univariable and multivariable logistic regression models. In the model where the at-risk popu-

lation was admitted patients, we used infectious patients with community-acquired SARS--

CoV-2, infectious patients with presumed hospital-acquired SARS-CoV-2, and infectious staff

on the same ward and same day as infection pressures. In the model where the susceptible pop-

ulation was HCWs, we also included community cases as an additional infection pressure (S3

Fig). To circumvent testing bias due to the large increase in community testing capacity during

the study period, the numbers of community cases on each day were identified using the num-

ber of community-acquired SARS-CoV-2 infections admitted to the hospital in the following

week [23].

To assess how well these individual demographic factors and infection pressures from

infectious patients and HCWs on the same wards accounted for the nosocomial SARS-CoV-2

infections over calendar time, we used generalised additive models, which allowed for the risk

of infection to depend in a nonlinear manner on the predictors (Code block B in S3 Text). The

generalised additive models were implemented using the R packagemgcv [24].
We then modelled the patients’ and HCWs’ daily risk of acquiring SARS-CoV-2 in the hos-

pital using a generalised linear mixed model with an identity link (Code block C in S3 Text).

This model allowed the daily probability of infection to scale linearly with infection pressure

from HCWs and patients and for their effects to be additive. Because the ward setups such as

number of beds, isolation facilities, staff-to-patient ratio, and infection prevention and control

measures vary, we allowed the daily probability of infection (intercepts and slopes in the mod-

els) to vary by ward. The final estimates presented subsequently are the mean and 95% credible

intervals (CrIs) of the mean estimates obtained for each ward. These models were imple-

mented with JAGS (version 4 to 10), which uses Markov chain Monte Carlo to generate a

sequence of dependent samples from the posterior distribution of the parameters [25].

Two versions of the models, one with interaction terms between the phases and forces of

infection from patients and HCWs and one without the interaction terms, were performed.

Model comparison was done using the Widely Applicable Information Criterion (WAIC)

where lower values indicate improved model fit. [26]

All analysis was performed in R version 4.0.2 [27]. The corresponding analysis code for the

above models can be found in S3 Text.

Role of the funding source

The funders had no role in study design, data collection and analysis, decision to publish, or

preparation of the manuscript. The views expressed in this publication are those of the authors

and not necessarily those of the UK National Health Service, the National Institute for Health

Research, the Department of Health or Public Health England, the Department of Health and

Social Care, and other funders.

Results

Patient characteristics

There were 66,184 patients admitted to the 4 hospitals from 12 January to 2 October 2020, a

time period that covered only the first “wave” of infection in the UK. Among these patients,

920 (920/66,184, 1.4%) had a positive SARS-CoV-2 PCR test. Out of these, 571 patients had

their first positive PCR tests while hospitalised (62.1%), and 97 were continuously admitted for

at least 7 days (10.5%). The patient characteristics are shown in Table 1. The patients who

likely acquired SARS-CoV-2 while in hospital (assuming incubation periods of 3, 5, or 7 days)

were older, had longer lengths of stays, and more readmissions compared to patients with no

positive SARS-CoV-2 PCR tests.
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Testing capacity increased substantially after the beginning of March 2020 (Fig 2A). The

weekly incidence of newly detected SARS-CoV-2 infections in the 4 hospitals, including both

community-acquired and nosocomial cases, peaked between March and May 2020.

Table 1. Characteristics of the patients included in the analysis.

Patients testing positive for SARS-CoV-2# (n = 920) Patients did not test
positive for

SARS-CoV-2# (n =
65,264)

All patients
tested positive

(n = 920)

Hospital-acquired
infection (assuming an
incubation period of 3

days)
(n = 133)

Hospital-acquired
infection (assuming an
incubation period of 5

days)
(n = 130)

Hospital-acquired
infection (assuming an
incubation period of 7

days)
(n = 120)

Age (mean age in years,
sd)

67.9 (20.7) 75.8 (17.3) 76.9 (16.4) 76.6 (16.6) 49.1 (27.3)

Sex (n, %) Female 453 (49.2%) 70 (52.6%) 66 (50.8%) 65 (54.2%) 34,887 (53.5%)

Male 467 (50.8%) 63 (47.4%) 64 (49.2%) 55 (45.9%) 30,350 (46.5%)

Ethnic groups (n, %) White 630 (68.5%) 107 (80.5%) 105 (80.8%) 100 (83.3%) 46,942 (71.9%)

Non-white 111 (12.1%) 0 (0%) 2 (1.5%) 2 (1.7%) 5,122 (7.8%)

Unknown 179 (19.5%) 26 (19.5%) 23 (17.7%) 18 (15.0%) 13,163 (20.2%)

Total hospitalisation
days from
Jan to Oct 2020
(mean, SD)

17.8 (22.2) 38.6 (32.2) 41.3 (32.5) 42.1 (33.0) 5.8 (11.8)

Total number of
admissions from January
to October 2020
(mean, SD)

1.7 (1.2) 1.9 (1.5) 2.0 (1.5) 2 (1.5) 1.4 (1.2)

Admission days to each
hospital from
January to October 2020
(n, %)

Hospital
A

855 (5.2%) 248 (4.8%) 279 (5.2%) 284 (5.6%) 57,868 (15.3%)

Hospital
B

2,846 (17.4%) 959 (18.7%) 1,121 (20.9%) 1,076 (21.3%) 37,358 (9.9%)

Hospital
C

11,417 (69.6%) 3,287 (64.1%) 3,238 (60.3%) 3,041 (60.2%) 260,247 (68.7%)

Hospital
D

1,279 (7.8%) 634 (12.4%) 731 (13.6%) 653 (12.9%) 23,226 (6.1%)

Number of SARS-CoV-2
PCR tests per patient
(mean, SD)

2.7 (2.7) 3.5 (3.2) 3.8 (3.4) 3.8 (3.4) 0.9 (1.7)

Admission days to each
ward type during
infectious period$

General
ward

3,283 (87.5%) 1,234 (96.7%) 1,121 (96.9%) 946 (96.5%) —

ICU/
HDU

�
471 (12.5%) 42 (3.3%) 36 (3.1%) 34 (3.5%) —

Admission days to each
ward type during at-risk
period+

General
ward

4,737 (96.4%) 1,924 (95.1%) 2,254 (94.7%) 2,252 (94.9%) 134,001 (91.8%)

ICU/
HDU

�
178 (3.6%) 100 (4.9%) 125 (5.3%) 122 (5.1%) 11,968 (8.2%)

At-risk days per patient
(mean, SD)

5.3 (11.5) 15.2 (17.3) 18.3 (18.1) 19.8 (17.8) 2.2 (10.3)

#All patients included in the table had at least 1 day of inpatient stay during the observation period between 12 January and 2 October 2020.
�ICU/HDU, intensive care unit/high-dependency unit.
$Infectious period: Patients were considered infectious from the day after infection to 10 days after infection [21].
+At-risk period: Patients were considered to be at risk of being infected with SARS-CoV-2 from admission to either discharge/death or 4, 6, or 8 days before their first

positive PCR tests, i.e., day of presumed infection.

https://doi.org/10.1371/journal.pmed.1003816.t001
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A total of 271 patients had at least 1 day of hospitalisation in the 20 days prior to being

tested positive for SARS-CoV-2. Out of these patients, 130 (47.9%) were inpatients on their

day of infection, based on an assumed incubation period of 5 days. Out of the 130 patients, 102

had at least 1 negative PCR test during day 1 to 5 of their hospitalisation (78.5%). The median

length of stay for the admissions during which the patients were infected with SARS-CoV-2

was 21 days (interquartile range 13 to 35 days). The median day of hospitalisation when these

patients were assumed to have been infected was day 8 (interquartile range 3 to 18 days).

Healthcare worker characteristics

Out of a total of 13,514 HCWs in the 4 hospitals participating in HCW testing at some time,

5,596 worked on a single ward only such that their SARS-CoV-2 status could be considered

with patients admitted to the same wards in the analysis (Table 2). During the study period,

11% (615/5,596) were positive for SARS-CoV-2. Among those who were positive, 57.4% (353/

615) had a positive PCR test, while the rest were diagnosed based on serology.

The timelines of the numbers of susceptible patients and infectious patients and HCWs on

each ward showed that most of the peaks in the number of potential transmission events

occurred between March and June 2020 (S1 Fig). On most wards, there was a considerable

overlap between the time series for infectious HCWs and patients and the time series of trans-

mission events.

Transmission risk to patients

We first used multivariable logistic regression to identify the factors associated with nosoco-

mial transmission of SARS-CoV-2 to susceptible patients (Table 3). Infection risk reduced

with the introduction of more stringent infection prevention and control measures in phase 3

(adjusted odds ratio (aOR) 0.25, 95% CI 0.14, 0.42) compared to phase 1. Presence of patients

with hospital-acquired SARS-CoV-2 was associated with the highest risk of acquisition in

Fig 2. Weekly sums of SARS-CoV-2 PCR tests performed during March to October 2020 (Panel A). The stacked
green bars indicate the number of negative tests. The stacked orange bars indicate the number of positive tests.
Percentage of first positive SARS-CoV-2 PCR tests classified by different types of acquisition (Panel B). The colours
represent patients who were inpatients on the eighth (red), sixth (orange), and fourth day (yellow) prior to their first
positive tests, and who were not hospitalised in the 20 days prior to their first positive tests (blue). These classifications
are not mutually exclusive, e.g., a patient who was admitted for 10 days continuously prior to the first positive PCR test
would contribute to all first 3 groups. SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pmed.1003816.g002
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susceptible patients (aOR, 1.76, 95% CI 1.51, 2.04), followed by the presence of infected HCWs

(aOR 1.45, 95% CI 1.22, 1.71). The evidence that patients with community-onset COVID-19

were associated with increased transmission was weaker (aOR 1.12, 95% CI 0.96, 1.26).

To further investigate if the demographic variables and transmissions from infectious

patients and HCWs adequately accounted for patient acquisition of SARS-CoV-2, we used

these variables in a generalised additive model (Code block B in S3 Text). After adjusting for

these variables, the results showed that the variation in the risk of nosocomial infection over

the study period remained though at a reduced level, suggesting that transmission risks were

incompletely accounted for (Fig 3A). We further used the above generalised additive model to

explore how risk of nosocomial SARS-CoV-2 infection varied with day of hospitalisation (Fig

A in S1 Text). This risk remained largely constant throughout a patient’s hospital stay once the

numbers of infectious patients and HCWs in the same ward were accounted for.

A feature of the logistic regression model is that it assumed the effect of each additional infec-

tious patient or HCW as multiplicative. To improve interpretability and applicability of the esti-

mates in a clinical setting, we used a statistical model that allows each extra infectious individual

to increase the probability of infection in an additive way (a generalised mixed model with an

identity link). Infectious patients on the same ward who were assumed to have hospital-

acquired SARS-CoV-2 showed the strongest association with acquisition of nosocomial

COVID-19 in susceptible patients (Fig 4). Using an assumed incubation period of 5 days, the

absolute risk of acquiring SARS-CoV-2 per day of exposure to a patient with hospital-acquired

SARS-CoV-2 infection was 0.75% (95% CrI 0.55% to 0.95%). The risks of acquiring SARS--

CoV-2 per day of exposure to an infectious patient who acquired SARS-CoV-2 in the commu-

nity or to an infectious HCWwere smaller. One day of exposure to an infected HCW or patient

with community-acquired COVID19 was associated with absolute risks of 0.20% (95% CrI

0.16% to 0.22%) and 0.17% (95% CrI 0.13% to 0.22%), respectively, for susceptible patients.

Transmission risk to healthcare workers

We performed similar analyses to quantify the risk of transmission to HCWs. The multivari-

able logistic regression results showed that nurses were at the highest risk of being

Table 2. Characteristics of the HCWs included in the analysis.

Positive for SARS-CoV-2 n = 615 Negative for SARS-CoV-2 n = 4,981

Age (mean age in years, SD) 39.5 (11.1) 39.6 (11.7)

Sex (n, %) Female 485 (78.9%) 3,902 (78.3%)

Male 130 (21.1%) 1,079 (21.7%)

Roles (n, %) Doctor 98 (15.9%) 955 (19.2%)

Nurses 306 (49.8%) 1,984 (39.8%)

Allied health 136 (22.1%) 1,274 (25.6%)

Nonclinical staff 75 (12.2%) 768 (15.4%)

Hospital worked in during the observation period (n, %) Hospital A 97 (15.8%) 972 (19.5%)

Hospital B 91 (14.8%) 454 (9.1%)

Hospital C 379 (61.6%) 3,276 (65.8%)

Hospital D 48 (7.8%) 279 (5.6%)

Ward type worked in during the observation period (n, %) General ward 569 (92.5%) 4,384 (88.0%)

ICU/HDU
�

46 (7.5%) 597 (12.0%)

�ICU/HDU, intensive care unit/high-dependency unit.

HCW, healthcare worker; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pmed.1003816.t002
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infected with SARS-CoV-2 (aOR 1.54, 95% CI 1.17, 2.04) compared with doctors. Work-

ing in the intensive care or high-dependency units was protective against transmission

(aOR 0.55, 95% CI 0.39, 0.76) compared to the general ward. Transmission risk reduced

in phases 2 and 3 (aOR 0.32, 95% CI 0.21, 0.37, and 0.63 and 95% CI 0.49, 0.81, respec-

tively) compared to phase 1. The number of infectious HCWs and patients who had

Table 3. Predictors of SARS-CoV-2 infection in admitted patients during their hospital stay frommultivariable logistic regression results.

Incubation period

5 days 3 days 7 days

Characteristics aOR1 95% CI1 p-value1 aOR1 95% CI1 p-value1 aOR1 95% CI1 p-value1

Age 1.03 1.01,
1.04

<0.001 1.02 1.01,
1.04

<0.001 1.02 1.01,
1.04

<0.001

Sex

Female 12 — 1 — 1 —

Male 1.03 0.69,
1.52

0.90 0.97 0.64,
1.44

0.90 1.02 0.68,
1.54

0.91

Ethnic group

White 1 — 1 — 1 —

Non-white 0.49 0.08,
1.61

0.30 0.00 0.00,
0.29

0.97 0.52 0.08,
1.71

0.40

Infectious patients with community-acquired SARS-CoV-2 on the same
ward

1.12 0.96,
1.26

0.10 1.04 0.89,
1.18

0.60 1.27 1.08,
1.44

<0.001

Infectious patients with hospital-acquired SARS-CoV-2 on the same ward 1.76 1.51,
2.04

<0.001 1.94 1.64,
2.28

<0.001 1.62 1.35,
1.91

<0.001

Infectious staff on the same ward 1.45 1.22,
1.71

<0.001 1.55 1.21,
1.94

<0.001 1.46 1.27,
1.67

<0.001

Hospital

Hospital A 1 — 1 — 1 —

Hospital B 2.06 0.87,
5.70

0.13 2.58 1.02,
7.87

0.06 3.22 1.22,
11.1

0.03

Hospital C 1.65 0.75,
4.33

0.30 2.01 0.87,
5.85

0.14 2.37 0.95,
7.92

0.10

Hospital D 3.06 1.26,
8.58

0.02 3.94 1.54,
12.1

0.01 3.96 1.39,
14.1

0.01

Type of ward

General ward 1 — 1 — 1 —

ICU/HDU3 0.62 0.15,
1.68

0.40 0.45 0.07,
1.44

0.30 0.20 0.01,
0.90

0.11

Day of stay 1.00 0.99,
1.01

0.70 1.00 0.99,
1.01

0.98 0.99 0.98,
1.00

0.10

Phases4

1 1 — 1 — 1 —
2 2.06 1.15,

3.62
0.013 2.80 1.55,

4.98
0.001 1.30 0.69,

2.38
0.40

3 0.25 0.14,
0.42

<0.001 0.27 0.16,
0.46

0.002 0.30 0.18,
0.50

<0.001

All independent variables used in the multivariable regression model are listed in the table. The corresponding univariable analysis is presented in Table A in S1 Text.
1aOR, adjusted odds ratio; CI, confidence interval. p-Values were calculated with the Wald test.
2Value of 1 for aOR represents the comparison group for categorical variables.
3ICU/HDU, intensive care unit/high-dependency unit.
4In addition to phases, calendar days was included as a nonlinear independent variable in the logistic regression, fitted with a linear spline function with 2 knots.

https://doi.org/10.1371/journal.pmed.1003816.t003
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hospital-acquired SARS-CoV-2 on the same ward had the strongest associations with

transmission to HCWs (aOR 1.33, 95% CI 1.21, 1.45 and aOR 1.45, 95% CI 1.34, 1.55,

respectively) (Table 4).

Using the additive statistical model (Fig 5), the strongest association was with other

infectious staff and patients with hospital-acquired SARSCoV-2. However, the additional

risks posed by exposures to these infectious HCWs and patients to the susceptible HCWs

were less compared to that for susceptible patients. A single day of exposure to infected

HCWs and patients with hospital-acquired SARS-CoV-2 patients on the same ward was

associated with an increased absolute daily risk of 0.08% (95% CrI 0.03% to 0.16% and

0.06% to 0.10%, respectively). The corresponding increase in absolute daily risk from a

day of exposure to an infected patient with community-acquired SARS-CoV-2 was 0.02%

(95% CrI 0.02% to 0.02%).

The background transmission risks to HCWs including that from community sources and

undetected cases among both HCWS and patients were slightly less than those observed in the

patients. The contribution of these undetected cases to the daily risk of SARS-CoV-2 acquisi-

tion was about 0.03% (95% CrI 0.02% to 0.03%) and 0.01% (95% CrI 0.01% to 0.01%) for the

susceptible patients and HCWs, respectively. Findings from sensitivity analyses, which

excluded data from phase 3 and using different prior distributions, gave similar results as the

main analyses (Tables A and B in S2 Text).

Fig 3. Daily transmission risk to susceptible patients (Panel A) and HCWs (Panel B) using a generalised additive
model with a logit link. The smooth, nonlinear partial effects of calendar day, infectious patients, and HCWs on the
daily risk of nosocomial SARS-CoV-2 infection are presented as coloured lines. These partial effects are the isolated
effects of each group of infectious individuals on the binary outcome of assumed acquisition (yes/no) on each day as
the dependent variable. Infectious patients and HCWs were both associated with increased risk of nosocomial
infection. The presence of more infectious patients or HCWs in a ward on a given day was associated with higher
transmission risk. COVID-19, Coronavirus Disease 2019; HCW, healthcare worker; SARS-CoV-2, Severe Acute
Respiratory Syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pmed.1003816.g003
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Discussion
The consistent finding in the above analysis is that the patients who acquired SARS-CoV-2 in

the hospital and, to a lesser degree, infectious HCWs likely working prior to the onset of symp-

toms were the most strongly associated with increased risk of SARS-CoV-2 transmission in

the hospital setting. In contrast, exposure to patients who had acquired SARS-CoV-2 in the

community appeared to be associated with more modest increases in the daily risk of infection

for both healthcare staff and the other patients. We found evidence of a dose–response effect:

Exposure to more infectious patients and healthcare staff were both associated with increasing

daily risk of acquiring SARS-CoV-2.

These findings can parsimoniously be explained by newly infected individuals having high

transmission potential to patients and staff. Multiple lines of evidence indicate that a substan-

tial proportion of transmission precedes symptom onset and point to rapidly declining infec-

tiousness with time since symptom onset [21,28]. Secondly, patients who acquired

SARS-CoV-2 in the community are more likely to first present with symptoms compatible

with COVID-19 upon admission and be rapidly segregated from the susceptible population

with careful implementation of infection prevention and control guidelines.

To our knowledge, our study is the first analysis of a large dataset consisting of both hospi-

talised patients and HCWs at individual level for the quantification of transmission pathways

of SARS-CoV-2 in the hospital setting. We searched the PubMed database using the search

terms (“COVID-19” OR “SARS-CoV-2”) AND (“nosocomial” OR “hospital”) AND (“trans-

mission”) in either the abstracts or titles, for English-language articles published up to 31

March 2021. This returned 748 results, out of which 10 reported transmission events in the

hospital setting quantitatively. These publications can be broadly categorised to epidemiologi-

cal descriptions of isolated outbreaks (5) or contact tracing of patients exposed to infected

Fig 4. Additional risk of suspected nosocomial acquisition of SARS-CoV-2 experienced by a single susceptible patient
contributed by (i) infectious patients who acquired SARS-CoV-2 in the community (second row); (ii) infectious
patients who acquired SARS-CoV-2 in the hospital (third row); and (iii) infectious HCWs (last row). A generalised
mixed model with an identity link was used, with assumed nosocomial acquisition (yes/no) on each day as the
dependent variable. Both the intercepts and slopes were allowed to vary by ward. The top row shows the variation of
the intercepts of the model, which represent the background infection risk posed by infectious patients and HCWs
who are undetected. Each horizontal bar represents the 95% CrI of the estimate. The black crosses in the centre of each
bar represent the median of the estimates. CrI, credible interval; HCW, healthcare worker; SARS-CoV-2, Severe Acute
Respiratory Syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pmed.1003816.g004

PLOS MEDICINE Nosocomial transmission of SARS-CoV-2

PLOSMedicine | https://doi.org/10.1371/journal.pmed.1003816 October 12, 2021 13 / 20

AR-04087

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 42 of 275   PageID 4628Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 42 of 275   PageID 4628



Table 4. Predictors of SARS-CoV-2 infection in HCWs frommultivariable logistic regression.

Incubation period

5 days 3 days 7 days

Characteristics aOR1 95% CI1 p-value1 aOR1 95% CI1 p-value1 aOR1 95% CI1 p-value1

Age2 1.00 0.99,
1.01

0.9 1.00 0.99,
1.01

0.9 1.00 0.99,
1.01

0.92

Sex

Female 13 — 1 — 1 —

Male 1.23 0.97,
1.55

0.09 1.19 0.93,
1.50

0.2 1.18 0.93,
1.49

0.2

Role

Doctor 1 — 1 — 1 —

Nurse 1.54 1.17,
2.04

0.002 1.63 1.24,
2.18

<0.001 1.48 1.13,
1.95

0.005

Allied health 1.02 0.75,
1.39

0.9 1.05 0.77,
1.44

0.7 0.92 0.68,
1.24

0.6

Nonclinical staff 1.02 0.71,
1.44

0.9 1.08 0.76,
1.54

0.7 0.93 0.65,
1.31

0.7

Infectious cases in the community 1.28 1.23,
1.33

<0.001 1.36 1.30,
1.42

<0.001 1.23 1.18,
1.28

<0.001

Infectious patients with community-acquired SARS-CoV-2 on the same
ward

0.99 0.92,
1.05

0.7 1.01 0.96,
1.05

0.8 0.95 0.85,
1.04

0.3

Infectious patients with hospital-acquired SARS-CoV-2 on the same ward 1.33 1.21,
1.45

<0.001 1.46 1.33,
1.59

<0.001 1.32 1.20,
1.44

<0.001

Infectious staff on the same ward 1.45 1.34,
1.55

<0.001 1.49 1.34,
1.66

<0.001 1.40 1.32,
1.48

<0.001

Hospital

Hospital A 1 — 1 — 1 —

Hospital B 1.65 1.19,
2.28

0.002 1.74 1.26,
2.38

<0.001 1.66 1.20,
2.28

0.002

Hospital C 1.22 0.96,
1.56

0.11 1.13 0.89,
1.46

0.3 1.20 0.95,
1.54

0.13

Hospital D 1.40 0.92,
2.09

0.10 1.46 0.97,
2.16

0.061 1.30 0.85,
1.95

0.2

Type of ward

General ward 1 — 1 — 1 —

ICU/HDU4 0.55 0.39,
0.76

<0.001 0.57 0.41,
0.79

<0.001 0.55 0.39,
0.75

<0.001

Phase5

1 1 — 1 1 1 —

2 0.32 0.21,
0.47

<0.001 0.22 0.14,
0.33

<0.001 0.32 0.22,
0.46

<0.001

3 0.63 0.49,
0.81

<0.001 0.74 0.57,
0.96

<0.001 0.53 0.42,
0.67

<0.001

All independent variables used in the multivariable regression model are listed in the table. The corresponding univariable analysis is presented in Table B in S1 Text.
1aOR, adjusted odds ratio; CI, confidence interval. p-Values were calculated with the Wald test.
2Age measured in years.
3Value of 1 for aOR represents the comparison group for categorical variables.
4ICU/HDU, intensive care unit/high-dependency unit.
5In addition to phases, calendar days was included as a nonlinear independent variable in the logistic regression, fitted with a linear spline function with 2 knots.

https://doi.org/10.1371/journal.pmed.1003816.t004
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HCWs (1), retrospective cohort studies involving a particular group of patients, e.g., patients

who underwent operations (2), and using genomic sequencing to identify transmission clus-

ters (2). None of the studies reported the comparative transmission rates among patients and

staff.

There are several limitations in our analysis. Firstly, the dates on which the infected patients

and HCWs first developed symptoms were not available. Hence, we needed to assume that the

PCR test swabs were taken on the symptom onset dates. While this assumption is reasonable

based on the analysis of a subset of data early in the pandemic, it is not true from phase 3

onwards when weekly screening of patients regardless of symptoms was implemented. In

HCW infections identified with serology, self-reported symptom onset dates may potentially

suffer from recall bias. We addressed this by performing sensitivity analysis comparing model

outputs when using data collected during phases 1 and 2 versus phase 3 (Tables A and B in S2

Text). Secondly, we assumed that HCWs were absent from work after the dates on which their

first positive PCR test swabs were taken or COVID-19 symptoms were first self-reported.

However, where HCWs experienced minimal or no symptoms they may have continued to

work. These issues could be further explored using HCW absentee data in subsequent analysis.

Lastly, we did not consider the genomic sequences of the SARS-CoV-2 viruses to confirm the

transmission pathways. A proportion of these infections in the HCWs could potentially be

introduced from the community. We attempted to address this by using admission rate of

community-acquired cases to extrapolate community infection pressure, which overcomes the

issue of low community testing in the initial phase of the pandemic.

A key challenge in this analysis is that the times of infection are unknown. This has led to

the adoption of various arbitrary cutoffs on length of stay prior to infection to define nosoco-

mial infection. Further analysis using data augmentation methods, incorporating the PCR

Fig 5. Additional risk of suspected nosocomial acquisition of SARS-CoV-2 experienced by a single susceptible HCW
contributed by (i) infectious patients who acquired SARS-CoV-2 in the community (second row); (ii) infectious
patients who acquired SARS-CoV-2 in the hospital (third row); and (iii) infectious HCWs (last row). A generalised
mixed model with an identity link was used, with assumed nosocomial acquisition (yes/no) on each day as the
dependent variable. Both the intercepts and slopes were allowed to vary by ward. The top row shows the variation of
the intercepts of the model, which represent the background infection risk posed by infectious patients and HCWs
who are undetected. Each horizontal bar represents the 95% CrI of the estimate. The black crosses in the centre of each
bar represent the median of the estimates. CrI, credible interval; HCW, healthcare worker; SARS-CoV-2, Severe Acute
Respiratory Syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pmed.1003816.g005
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cycle threshold values, may potentially overcome this to produce estimates that better account

for different sources of uncertainty. Other drivers of SARS-CoV-2 transmissions in the hospi-

tal setting not fully explained by infection pressures, which we did not capture in the analysis,

may include variation in ward occupancy, community-acquired cases who did not develop

symptoms until after hospitalisation, change in nature or frequency of SARS-CoV-2 exposures

throughout hospitalisation, or could reflect frailties, i.e., those patients who have stayed 20

days and not been infected may be at lower risk of infection. However, recent work using

detailed epidemiological and genomic data to infer transmission networks echoed our main

finding that patients are more likely to be infected by other patients than by HCWs [29,30].

Our findings support enhanced infection prevention and control efforts to prevent and

identify early hospital-onset SARS-CoV-2 infection. Where either community or local ward

prevalence is sufficiently high and resources permit, regular screening and prompt testing and

identification of such patients are important. Similarly, measures to ensure symptomatic staff

are not at work, including adequate sick pay arrangements, are vital. Regular staff screening is

also likely to reduce transmission. Staff acquisition and transient asymptomatic carriage, con-

tamination of equipment, and the general environment or the air are possible mediators of

transmission events assigned in the analysis as patient-to-patient and need further investiga-

tion. The relatively low risk of transmission associated with patients with suspected commu-

nity-acquired COVID-19 suggests that for these patients, the peak of their infectivity may have

passed such that existing infection prevention and control policies including universal PPE,

prompt testing, and isolation of suspected or known cases [16] are sufficient to mitigate most

of the remaining infectiousness. Our analysis shows that despite these measures, patients and

staff are at risk from newly infected individuals. Due to the difficulties in disentangling the

effect of infection prevention and control measures and surges in SARS-CoV-2 in the commu-

nity setting, we cannot provide conclusive evidence on how interventions around hospital-

onset cases could be enhanced. However, others have suggested that enhanced PPE for HCWs

and ventilation may play a role [4,31–33].

In conclusion, our data provide strong evidence that newly infected patients are associated

with a high risk of onward transmission to patients and HCWs in hospital. Further investiga-

tion is needed into how best to enhance infection control and prevention efforts around these

patients.
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Abstract:   We describe 3 instances of SARS-CoV-2 transmission despite medical masks and eye 

protection, including transmission despite the source person being masked, transmission despite the 

exposed person being masked, and transmission despite both parties being masked.  Whole genome 

sequencing confirmed perfect homology between source and exposed persons’ viruses in all cases.   

 

Key Words:  SARS-CoV-2, viral transmission, masking, infection control 
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Public health agencies recommend that asymptomatic healthcare workers and patients wear 

medical masks during all clinical encounters in order to prevent SARS-CoV-2 transmission lest either 

party has asymptomatic or pre-symptomatic Covid-19. Abundant laboratory, case report, and 

population data support these policies but the emerging evidence that SARS-CoV-2 is transmitted by 

respiratory aerosols begs the question of whether there is residual risk of infection when wearing 

medical masks alone.[1, 2]  Respiratory aerosols can bypass medical masks via gaps between the 

wearer’s face and the mask, allowing potentially infectious aerosols to escape from the infected 

source and enter the respiratory tract of another despite both parties being masked.[3-5] There are 

very little data, however, on whether these theoretical concerns lead to demonstrable infections.  

We describe 3 cases of SARS-CoV-2 transmission with homologous whole genome sequencing that 

occurred despite the use of medical masks and eye protection.   

 

Methods 

All patients and employees newly diagnosed with SARS-CoV-2 at Brigham and Women’s Hospital in 

Boston are reviewed daily to identify possible exposures and transmissions.  Cases in which 

transmission may have occurred despite one or both parties being masked were flagged and 

specimens were sent to the Massachusetts Department of Public Health for whole genome 

sequencing (Table 1).  Tiled, whole-genome amplicon sequencing was performed using an ARTIC V3 

SARS-CoV-2 protocol adapted by state public health laboratories and the CDC.[6-9]  Samples were 

amplified using multiplex PCR primer reactions and sequenced on the Illumina MiSeq sequencer. 

Genomes with ≥95% coverage were aligned and single nucleotide polymorphism differences were 

calculated.  The study was approved by the Massachusetts Department of Public Health’s 

Institutional Review Board (genome sequencing) and the Mass General Brigham Institutional Review 

Board (epidemiologic analysis). The hospital’s standard-issue mask for all patients and most 
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employees is an ASTM level 1 mask with ear loops.  These encounters occurred between mid-

November 2020 and mid-January 2021. 

 

Results 

Case 1. Transmission from an asymptomatic unmasked patient to two patient care assistants 

wearing masks and face shields 

An 82-year-old woman was admitted to hospital with anorexia, weakness, and urinary retention.  A 

nasopharyngeal PCR specimen was negative for SARS-CoV-2 on the day of admission.  The patient 

was diagnosed with depression, managed on standard precautions, and referred to a chronic care 

institution.  She was retested for SARS-CoV-2 on hospital day 6 prior to discharge per the policy of 

the receiving institution and found to be positive (cycle threshold 15).  She did not have any 

symptoms suggestive of Covid-19 throughout her hospital course.  Two patient care assistants who 

served as 1:1 observers for the patient in the days before she was diagnosed with SARS-CoV-2 

infection developed respiratory viral syndromes 4 days and 5 days after the patient’s diagnosis and 

tested positive for SARS-CoV-2.  One patient care assistant had spent 4 hours with the patient on 

hospital day 3 and the other spent 8 hours with the patient on hospital day 4.  Both reported 

wearing masks and face shields at all times.  They spent most of their time sitting with the patient in 

her room to prevent her from harming herself.  The patient was inconsistent in her mask use but did 

not undergo any aerosol-generating procedures. There were 6 air changes per hour in the patient’s 

room.  Whole genome sequencing confirmed 0 single nucleotide polymorphism differences between 

the patient’s isolate and the two patient care assistants’ viruses. 
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Case 2.  Transmission from a presymptomatic, masked nurse to an unmasked patient 

A 56-year-old man with esophageal cancer was admitted with esophageal perforation and 

empyema.  He underwent esophageal stent placement and pleural washout.  The nurse assigned to 

the patient on hospital days 11-13 developed symptoms of Covid-19 on hospital day 13 following a 

community contact, left work, and tested positive for SARS-CoV-2 two days later (cycle threshold 

17).  The patient was retested on hospital day 19 on account of his exposure to the nurse and was 

positive (cycle threshold 13).  The nurse reported wearing a mask and goggles at all times but noted 

that the patient did not wear a mask.  There were 6 air changes per hour in the patient’s room.  

Whole genome sequencing confirmed 0 single nucleotide polymorphism differences between the 

nurse and patient’s isolates. 

 

Case 3.  Transmission from a presymptomatic masked patient to an ambulatory provider wearing a 

mask and goggles. 

An internist saw a new patient in ambulatory clinic.  The patient had no fever, respiratory symptoms, 

taste or smell alteration, or systemic complaints. The encounter lasted approximately 45 minutes, 

most of which consisted of face-to-face discussion at a distance of approximately 3 feet.  The patient 

was not tested for SARS-CoV-2 before the encounter.  The patient wore a hospital-issued medical 

mask throughout the visit except when asked to briefly lower her mask so that the provider could 

examine her oropharynx.  The provider wore a medical mask and goggles, and washed her hands 

before, during, and after the encounter.  The examination room had 9 air changes per hour.  Two 

days later the patient developed symptoms of Covid-19 and tested positive for SARS-CoV-2 (cycle 

threshold 19).  The physician developed symptoms of Covid-19 four days after the encounter and 

also tested positive for SARS-CoV-2 (cycle threshold 17).  Whole genome sequencing confirmed 0 

single nucleotide polymorphism differences between the patient and physician’s specimens. 
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The strains associated with these 3 transmission events were different from one another (≥30 SNP 

differences) and were not consistent with any of the current variants of concern from the United 

Kingdom (B.1.1.7), South Africa (B.1.351), or Brazil (P.1).[10] 

 

Discussion 

These 3 case studies demonstrate the possibility that providers can both transmit and be infected by 

SARS-CoV-2 despite wearing medical masks and eye protection.  The theoretical basis for 

transmission despite medical masks and eye protection is clear:  SARS-CoV-2 is primarily transmitted 

via respiratory particles, some of which are small enough and mobile enough to pass through the 

gaps between medical masks and patients’ and providers’ faces.[2-5] The risk is highest with 

prolonged encounters at short range with patients early in the course of their infection when their 

viral loads are highest, particularly if one of the parties is unmasked, since respiratory emissions and 

viral burden are highest immediately adjacent to the respiratory tracts of source individuals and 

rapidly dissipate with distance.[11, 12]   

 

What is unclear from these 3 case studies is how often transmission takes place despite one or both 

parties wearing medical masks and eye protection.  Multiple studies report that cloth masks and 

medical masks are associated with fewer infections; it is therefore likely that masks lower infectious 

inoculum and the probability of infection but do not eliminate it.[1] Infection risk occurs along a 

continuum where risk is moderated by multiple factors including viral burden in the source, quantity 

and density of respiratory emissions, mask filtration and fit, eye protection, distance between the 

source and exposed individual, duration of exposure, quality of ventilation, vaccination status, and 
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host immunity.[11] No one factor is perfectly protective (and its absence does not guarantee 

infection) but each component is likely additive. 

 

These cases raise the question of whether additional measures are needed to enhance respiratory 

protection and source control in healthcare.  Options include improving the fit of medical masks by 

using ties rather than ear loops, adding mask fitters, or using respirators more widely.  N95 

respirators are optimized for fit and filtration but require fit testing, can be uncomfortable to wear 

for long periods, and are sometimes in short supply.  The need for respirators should therefore be 

calibrated to degree of risk.  They likely add the most value when caring for patients with known or 

suspected Covid-19 or for sustained encounters at close quarters with untested individuals and/or 

unmasked individuals in communities with high incidence of disease.  The marginal value of 

respirators outside of these circumstances may be less but dedicated studies are needed.   

 

This study highlights the value of whole genome sequencing to explore transmission events.  Whole 

genome sequencing can help clarify whether potentially related infections were indeed related or 

coincidental, a valuable tool when trying to investigate possible transmissions that may have 

occurred despite adherence to public health recommendations.  Sequencing does not provide 

definitive evidence of transmission but does provide supportive evidence within a suggestive 

epidemiologic context. Sequencing can also help detect variants with increased transmission 

potential.[10]  

 

Limitations of our study include the lack of population level data quantifying the frequency of 

transmissions despite medical masks, the possibility that transmission may have taken place via 

fomites or self-contamination rather than via mask failure, and the chance that transmission may 
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have taken place via unidentified intermediaries under different circumstances from the ones we 

describe.  In each case, however, the interactions and time sequences we described are plausible 

and whole genome sequencing demonstrated perfect homology between source and exposed 

parties. 

 

In sum, we demonstrate SARS-CoV-2 transmissions between parties wearing medical masks, 

including cases in which just the source was masked, just the exposed was masked, and in which 

both parties were masked.  These findings teach the importance of not relying upon medical masks 

and eye protection alone to prevent SARS-CoV-2 transmission and beg the question whether 

respirators should be used more widely when caring for high-risk patients under high-risk conditions 

in high incidence communities. 
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Table 1. Summary of cases with whole genome sequencing-confirmed SARS-CoV-2 transmission 

despite use of masks and eye protection 

Case Transmission 
Direction 

Exposure Duration 
and Circumstance 

Patient consistently 
masked? 

Healthcare Worker 
Personal Protective 

Equipment 
1 Asymptomatic 

hospitalized patient 
to 2 patient care 

associates 

4-hour and 8-hour 
sitter shifts  

No Masks and eye protection 

2 Presymptomatic 
nurse to hospitalized 

patient 

8-hour nursing shifts 
(non-ICU) 

No Mask and eye protection 

3 Presymptomatic 
patient to physician 

45-minute 
outpatient visit 

Yes, except for brief 
oral exam 

Mask and eye protection 
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Background. Health care personnel and patients are at risk to acquire severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in health care settings, including in outpatient clinics and ancillary care areas.

Methods. Between May 1, 2020, and January 31, 2021, we identified clusters of 3 or more coronavirus disease 2019 (COVID-19) 
cases in which nosocomial transmission was suspected in a Veterans Affairs health care system. Asymptomatic employees and pa-
tients were tested for SARS-CoV-2 if they were identified as being at risk through contact tracing investigations; for 7 clusters, all per-
sonnel and/or patients in a shared work area were tested regardless of exposure history. Whole-genome sequencing was performed 
to determine the relatedness of SARS-CoV-2 samples from the clusters and from control employees and patients.

Results. Of 14 clusters investigated, 7 occurred in community-based outpatient clinics, 1 in the emergency department, 3 in an-
cillary care areas, and 3 on hospital medical/surgical wards that did not provide care for patients with known COVID-19 infection. 
Eighty-one of 82 (99%) symptomatic COVID-19 cases and 31 of 35 (89%) asymptomatic cases occurred in health care personnel. 
Sequencing analysis provided support for several transmission events between coworkers and in 2 cases supported transmission 
from health care personnel to patients. There were no documented transmissions from patients to personnel.

Conclusions. Clusters of COVID-19 with nosocomial transmission predominantly involved health care personnel and often oc-
curred in outpatient clinics and ancillary care areas. There is a need for improved measures to prevent transmission of SARS-CoV-2 
by health care personnel in inpatient and outpatient settings.

Keywords.  health care personnel; outpatients; SARS-CoV-2; transmission.

Patients and health care personnel are at risk to acquire severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in 
health care settings [1]. In hospitals, infection control meas-
ures including universal masking, use of appropriate personal 
protective equipment during patient care, and pre-admission 
and preprocedure screening are commonly used to minimize 
the risk for acquisition of SARS-CoV-2 [1–4]. Recent evidence 
suggests that these measures are effective in reducing, but not 
eliminating, the risk for SARS-CoV-2 transmission [4–12]. For 
example, transmission has been reported when COVID-19 
cases are not recognized because admission screening results 
are negative or when personnel in the presymptomatic stage 
of COVID-19 provide patient care [7–8]. Infected personnel 

can also transmit SARS-CoV-2 to coworkers despite universal 
masking [4–12]. Exposures to infected coworkers may occur in 
areas such as breakrooms or in clinical areas where personnel 
work without adequate physical distancing [1,3–5,12].

Although nosocomial transmission of SARS-CoV-2 is often 
suspected, the actual source of acquisition is frequently unclear, 
particularly in the setting of widespread community transmis-
sion. In the VA Northeast Ohio Healthcare System, a majority 
of personnel with COVID-19 denied higher-risk exposures to 
SARS-CoV-2 at work or in the community but often worked in 
the same area as infected coworkers or patients with the poten-
tial for repeated brief interactions [4,12]. In addition to clusters 
of COVID-19 on hospital wards, our infection control program 
investigated multiple clusters of cases in outpatient clinics and 
ancillary care areas. Such areas could potentially present a rel-
atively high risk for transmission because acutely infected pa-
tients are often evaluated in these areas, asymptomatic patients 
are not routinely screened before visits, and personnel often 
share workspaces. In the current study, we performed whole-
genome sequencing to investigate several clusters of suspected 
nosocomial transmission of SARS-CoV-2 in outpatient and in-
patient settings in the VA Northeast Ohio Healthcare System.
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METHODS

Study Setting

The VA Northeast Ohio Healthcare System includes a 215-
bed acute care hospital, an adjacent long-term care facility, 
and 13 community-based outpatient clinics. Of 5630 total 
system employees during the study, 793 (14.1%) worked in the 
community-based outpatient clinics, 4597 (81.7%) worked in 
the hospital, and 240 (4.3%) worked in the long-term care fa-
cility. During the study period, the hospital had a dedicated 
22-bed COVID-19 ward, and 8 beds in the intensive care unit 
were dedicated to COVID-19 patients. All hospital admissions 
as well as patients undergoing selected surgical and medical 
procedures were screened for COVID-19 symptoms and tested 
for SARS-CoV-2 by nasopharyngeal swab reverse transcriptase 
polymerase chain reaction (RT-PCR).

Personnel providing care for patients with suspected or 
known COVID-19 wore gloves, a gown, a respirator, and face 
shield; medical procedure facemasks and eye protection were 
worn during care of other patients and during interactions with 
coworkers. Personnel were required to wear facemasks unless 
in a workspace behind closed doors. It was recommended that 
personnel eat meals alone at their desks and not sit together 
during break periods. All personnel were screened for COVID-
19 symptoms on entry to the health care facility. Compliance of 
personnel with control measures including physical distancing 
and personal protective equipment use was monitored by in-
fection control staff, and feedback was provided to individuals 
and supervisors. Patients were required to wear cloth facemasks 
when out of their room or when personnel entered. No visitors 
were allowed in the hospital, and family members were not 
allowed to attend outpatient clinic visits. Testing for COVID-
19 was performed using commercial RT-PCR assays. For per-
sonnel with symptoms concerning for COVID-19 infection, 
including mild symptoms such as sore throat and nasal conges-
tion, testing was available in the hospital and outpatient clinics 
and was recommended.

Patient Consent

The study protocol was approved by the Cleveland VA Medical 
Center’s Institutional Review Board with a waiver of informed 
consent.

Contact Tracing Investigations

The Infection Control Department conducted contact tracing 
in accordance with Centers for Disease Control and Prevention 
(CDC) recommendations [1,13]. Higher-risk exposures were 
defined as 15 minutes or more of continuous or cumulative 
contact within 6 feet without wearing both a facemask and 
eye protection occurring within 2 days before symptom onset 
through the time when the source individual met criteria 
for discontinuation of transmission-based precautions [13]. 
Contacts that included contact within 6 feet but for less than 

15 minutes or while wearing both a facemask and eye protec-
tion were classified as lower-risk exposures. Personnel were 
questioned regarding contacts with coworkers both at work and 
in the community. Asymptomatic employees or patients were 
offered testing if they were identified as being at risk through 
contact tracing investigations. In clusters with large numbers 
of cases, surveillance nasopharyngeal swab testing was recom-
mended for all personnel on a ward or in an outpatient clinic 
regardless of exposure history.

For the purposes of the study, we identified clusters of 3 or 
more COVID-19 cases between May 1, 2020, and January 31, 
2021, in which nosocomial transmission was suspected. The 
study was initiated on May 1, 2020, when testing availability in-
creased, allowing testing of contacts. Clusters in the long-term 
care facility were excluded. Clusters in which 3 or more naso-
pharyngeal swab specimens were available were included in the 
sequencing analysis. For comparison, we sequenced specimens 
from 10 employees with COVID-19 with no known exposures 
related to the clusters as well as 17 patients with COVID-19 
after community exposures.

Sequencing

RNA was extracted from positive nasopharyngeal swab spe-
cimens with the QIAamp Viral RNA Mini Kit (Qiagen) ac-
cording to the manufacturer’s instructions. Using AmpliSeq 
cDNA synthesis (Illumina, San Diego, CA, USA), isolated RNA 
samples were reverse-transcribed to make cDNA libraries for 
sequencing. Libraries for SARS-CoV-2 genomic sequencing 
were prepared using the AmpliSe Library PLUS kit (Illumina) 
with the SARS-CoV-2 community panel (Illumina). This 
panel consists of 237 SARS-CoV-2-specific primer pairs and 
10 human gene expression control primer pairs. The resulting 
amplicons cover >99% of the viral genome, with amplicons 
ranging from 125 to 275 bp. The NextSeq Mid Output reagent 
kit, version 2 (Illumina, San Diego, CA, USA), was used for 
sequencing with a read length of 2  × 150  bp on an Illumina 
NextSeq550 (Illumina, San Diego, CA, USA).

Data Analysis

The raw sequencing data FASTQ file was uploaded to the 
BaseSpace sequence hub, and a consensus FASTA file was gen-
erated with SARS-CoV-2 reference sequence (NC_045512.2 
SARS-CoV-2 Wuhan-Hu-1, complete genome) using the 
DRAGEN COVID lineage App (Illumina, San Diego, CA, USA) 
with default parameter. Stringent filtering criteria were used in-
cluding only specimens with a minimum coverage of ≥95% and 
100× median coverage depth in the final analysis. The clades 
were determined using Nextcladebeta (version 0.14.2; https://
clades.nextstrain.org/).

The consensus FASTA files were downloaded and pro-
cessed through Bionumerics 7.6 (Applied Maths, Austin, TX, 
USA) for cluster and single nucleotide polymorphism (SNP) 
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analysis. The SARS-CoV-2 plugin tool was used to analyze 
the SARS-CoV-2 genomic sequences. Sequences were ana-
lyzed for SNP differences relative to the NCBI reference se-
quence for SARS-CoV-2 (NC_045512). Sequences with <2 
SNP differences were considered related if they belonged to 
the same clade. Sequences with 3 to 4 SNP differences were 
deemed to be possibly related if contact tracing indicated a 
plausible transmission event and the sequences were of the 
same clade designation. Using the advanced clustering tools, 
a similarity matrix was calculated based on the similarity 
coefficient between the isolates. The results of the similarity 
matrix were then used as input data in the Complete linkage 
clustering algorithm to generate dendrograms and calculate 
SNP differences. Only samples that met our strict filtering 
criteria were used to generate the dendrograms.

RESULTS

Contact Tracing Investigations

During the 8-month study period, 1388 patients and 584 em-
ployees were diagnosed with COVID-19 (Figure 1). The em-
ployees included 402 (68.8%) hospital employees and 182 
(31.2%) employees based in outpatient clinics. The patients 
with COVID-19 included 1236 (89.0%) outpatients and 152 
(11.0%) hospitalized patients. The peak in cases in November–
December 2020 coincided with the peak in COVID-19 cases 
occurring in the community in Northeast Ohio. Only 4 of the 
152 (2.6%) hospitalized patients with COVID-19 were sus-
pected to have a health care–associated infection based on his-
tory of exposure to personnel with COVID-19 and duration of 
hospitalization >5 days.

During the study, the Infection Control Department 
investigated 14 clusters of COVID-19 infections where 

nosocomial transmission was suspected. Table 1 shows 
the location of the clusters and the numbers of personnel 
and patients involved including the initial cases and the 
number of asymptomatic individuals screened. In each of 
the clusters, the initial cases were employees diagnosed with 
COVID-19 after known or suspected community expos-
ures, followed by suspected transmission to coworkers. Of 
the clusters investigated, 3 were in inpatient wards, 7 were in 
community-based outpatient clinics, 1 was in the emergency 
department, and 3 were in ancillary care areas including 
radiology, sleep lab, and vascular lab. In multiple areas, it 
was noted that computer workstations were separated by <6 
feet, and efforts were made to increase spacing between em-
ployees. No clusters were linked to contacts during shared 
meals or to exposures in break rooms. No clusters of infec-
tions occurred among personnel working on the COVID-19 
ward or intensive care unit.

Of 82 total symptomatic COVID-19 cases included in the 
14 clusters, 81 (99%) occurred in personnel working with in-
fected coworkers and 1 (1%) occurred in a patient receiving care 
from infected personnel (cluster A). In 6 of the clusters (C, E, 
F, G, H, I), screening of all personnel and/or patients was per-
formed regardless of documented exposure to a case. Of 802 
total asymptomatic individuals screened, 35 (4.4%) tested pos-
itive, including 31 of 720 (4.3%) employees and 4 of 82 (4.9%) 
patients. Asymptomatic individuals were more likely to test 
positive if they had a higher-risk exposure than if they worked 
in the same area but did not report a higher-risk exposure (18 
of 201, 6.0%, vs 19 of 601, 3.8%; P = 0.048). Of the 112 total em-
ployees testing positive in the cluster investigations, 70 (62.5%) 
were nurses, 38 (33.9%) were ancillary staff, and 4 (3.6%) were 
physicians.
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Figure 1. Number of COVID-19 cases diagnosed in outpatients, inpatients, hospital employees, and employees based in community outpatient clinics. Abbreviation: COVID-

19, coronavirus disease 2019.
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Sequencing Analysis

Of 90 samples submitted for sequencing, 53 (59%) had minimum 
coverage of 95% and 100× median coverage depth and were in-
cluded in the analysis. Of the 14 clusters, 8 had >2 sequencing 
results available for analysis; 1 cluster was reported previously 
[10], and therefore 7 were included in this investigation. In 5 
of the 7 clusters, the sequencing analysis provided evidence of 
SARS-CoV-2 transmission. Figure 2 provides a dendrogram 
displaying the SNP differences between the viral sequences that 
were related or possibly related in the 5 clusters with evidence of 
transmission; 3 control hospital employee sequences that were 
related to the cluster A sequences are also shown.

Cluster A involved 2 medical wards with shared personnel. In 
cluster A, there were 2 distinct transmission clusters based on 
the sequencing results. In the first cluster, an employee (#4), a 
patient (#5) cared for by the employee and by other infected staff 
members, and 2 employee controls (#28 and #35) with sympto-
matic COVID-19 were infected by a related 20.B clade virus. 
In the second cluster, an employee (#7) and employee control 
(#34) with symptomatic COVID-19 were infected by a related 
virus, and 2 additional employees (#2 and #8) were infected by 
possibly related viruses (3–4 SNP differences). Based on chart 
review and interviews, there were no direct contacts between 
the employee controls and the cluster A employees with related 

viruses. Two cluster A  sequences were unrelated to the other 
sequences in cluster A.

In cluster B, an optometrist (#10) wearing a facemask evalu-
ated multiple patients 1–2  days before onset of COVID-19 
symptoms, and 1 patient (#11) was subsequently infected with 
a possibly related clade 20.C virus (3 SNP difference). In cluster 
D, 2 nurses working in proximity in an outpatient clinic had 
related SARS-CoV-2 viruses (#15 and #18), and a third nurse 
(#16) had a possibly related virus with 3 SNP differences; a 
fourth nurse was infected with an unrelated virus. In cluster F, 
a physical therapist implicated as a possible source of transmis-
sion had a SARS-CoV-2 virus that was distinct from 2 subse-
quently infected coworkers, but the coworkers (#22 and #23) 
had possibly related viruses (4 SNP differences). In cluster G, a 
nurse index case (#24) on a spinal cord injury unit was infected 
with a virus related to a second employee (#26) with a high-risk 
exposure; 2 employees (#3 and #25) later diagnosed on the same 
unit were infected with possibly related (4 SNP difference) vir-
uses that were distinct from the index case virus. For 2 of the 
suspected clusters (cluster C and cluster E), there was no evi-
dence of transmission based on sequence analysis.

Figure 3 provides a dendrogram displaying the SNP differ-
ences between all the viral sequences, including 17 patient con-
trol samples with COVID-19 after community exposures and 

Table 1. COVID-19 Clusters in a Health Care System With Suspected Nosocomial Transmission Based on Contact Tracing

Cluster Setting: Initial Cases and Contacts
Dates Initial to 

Final Case
No. Symptomatic 
COVID-19 Cases

No. Asymptomatic 
Cases/No. Screened (%)

A Medical ward: 2 nurses with multiple coworker and 
patient contacts

6/19/20–7/1/20 13 employees  
1 patient

1/36 (2.8) employees  
1/31 (3.2) patients

B Outpatient clinic: optometrist with multiple patient 
contacts

10/26/20–10/28/20 1 employee  
0 patients

2/10 (20) patients

C Medical ward: nursing assistant with multiple co-
worker contacts

11/2/20–11/5/20 4 employees  
0 patients

2/87 (2.3) employees

D Outpatient clinic: 4 nurses in shared workspace 10/21/20–10/28/20 4 employees  
0 patients

N/A

E Outpatient clinic: 6 employees working in different 
areas infected

10/29/20–11/10/20 6 employees  
0 patients

9/114 (7.9) employees

F Outpatient clinic: physical therapist with patient and 
coworker contacts

11/3/20–12/1/20 13 employees  
0 patients

3/85 (3.5) employees  
1/15 (6.7) patients

G Spinal cord injury unit: nurse with coworker and pa-
tient contacts

10/15/20–11/10/20 2 employees  
0 patients

5/85 (5.9) employees  
0/26 (0) patients

H Emergency department: 6 coworkers in shared work-
space infected

7/8/20–7/25/20 6 employees  
0 patients

3/96 (3.1) employees

I Outpatient clinic: nurse with coworker contacts 11/5/20–11/30/20 9 employees  
0 patients

6/109 (3.7) employees

J Sleep lab: nursing assistant with coworker exposures 11/6/20–11/10/20 3 employees  
0 patients

0/22 (0) employees

K Outpatient clinic: 2 medical technologists with co-
worker contacts

12/24/20–1/5/20 5 employees  
0 patients

3/26 (11.5) employees

L Radiology: 4 staff cases with coworker contacts 11/27/20–12/1/20 4 employees  
0 patients

0/16 (0) employees

M Vascular lab: lab technician with coworker contacts 12/10/20–12/31/20 7 employees  
0 patients

0/12 (0) employees

N Outpatient clinic: 3 nurses in shared workspace with 
coworker contacts

12/9/20–12/29/20 4 employees  
0 patients

1/32 (3.1) employees

Abbreviation: COVID-19, coronavirus disease 2019.
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10 employee controls. One of the patient control samples (#42) 
was related to 2 cluster A samples (#4 and #5) and 2 of the em-
ployee controls (#28 and #35). None of the other patient control 
samples were related to the other samples from the clusters or 
from the employee controls.

DISCUSSION

During the study, the infection control program in our health 
care system investigated multiple clusters of COVID-19 with 
suspected transmission based on contact tracing. Nearly all the 
symptomatic and asymptomatic cases in the clusters occurred in 
health care personnel (81 of 82 symptomatic cases and 31 of 35 
asymptomatic cases). Contact tracing investigations suggested 
that initial cases in employees were acquired in the community, 
with subsequent transmission to coworkers. Sequencing anal-
ysis provided support for several transmission events between 
coworkers and in 2 cases supported transmission from health 
care personnel to patients. However, sequencing also demon-
strated that some individuals linked to the clusters based on 
contact tracing were infected with unrelated viruses. There 

were no documented transmissions from patients to personnel. 
Our findings are consistent with recent evidence that health 
care personnel are more likely to acquire SARS-CoV-2 from in-
fected coworkers than from infected patients in settings with 
good infection control measures in place and that nosocomial 
acquisition by patients is uncommon [4,10,14–15].

One notable finding from our study was that only 3 of the 
14 clusters with suspected transmission occurred on hospital 
wards. Seven of the clusters occurred in community-based out-
patient clinics, 1 in the emergency department, and 3 in an-
cillary care areas. Based on contact tracing investigations, the 
outpatient clinics and ancillary care areas were considered rel-
atively high risk for transmission among coworkers because 
personnel often shared work areas and break areas and had 
computer stations separated by <6 feet. Similar concerns re-
garding inadequate physical distancing of work and break areas 
were reported in a recent observational study on a general med-
ical ward [16]. In response to the clusters, the infection control 
program made efforts to reinforce compliance with masking 
and eye protection and to increase spacing in work and break 
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areas. For example, in areas where computer workstations were 
separated by <6 feet, new workstations were created to provide 
better spacing between employees.

The outpatient clinic and ancillary care settings could also 
present a relatively high risk for acquisition of SARS-CoV-2 
from patients. In these areas, acutely infected patients with 
relatively high viral burden are often seen by providers and 
asymptomatic outpatients are not routinely screened for SARS-
CoV-2. However, the contact tracing investigations and the 
sequencing analysis suggested that transmission from patients 
was uncommon.

Based on the sequencing analysis, 3 control employees with 
symptomatic COVID-19 were infected with viruses related to 
cluster A employees in the absence of known exposures. It is pos-
sible that the SARS-CoV-2 variant associated with cluster A was 
widely circulating with community acquisition by multiple per-
sonnel rather than nosocomial transmission. Alternatively, there 
may have been interactions between the control and cluster 
A employees that were not recollected. Because employees were 
not routinely screened for SARS-CoV-2, it is also plausible that 

employees with asymptomatic shedding of the viruses may have 
served as intermediate sources of transmission linking the con-
trol and cluster A employees. Previous studies with other patho-
gens have demonstrated that many transmissions in hospitals 
that are identified using highly discriminatory typing methods 
occur in the absence of shared ward exposure [17–18]. For ex-
ample, Eyre et al. [17] reported that 9% of Clostridioides difficile 
transmissions based on whole-genome sequencing occurred in 
patients who shared time in the hospital but were never on the 
same ward.

The estimated mutation rate of SARS-CoV-2 is 2.5 nucleo-
tides per month [11]. Based on this mutation rate, genetic 
relatedness has typically been defined as 0 to 1 or 0 to 2 SNP 
differences in cases with plausible epidemiological links [5,8–
11]. In the current analysis, we identified several instances 
where there were plausible epidemiological links between cases 
with 3 to 4 SNP differences. We deemed these cases to be pos-
sibly related. However, further studies will be needed to clarify 
whether a cutoff of 2 SNP differences is required to define 
transmission events.

Wuhan Reference
6

61
7

3

1

<1

# 1, Clade 20A, Emp, 11/3

# 44, Clade 20A, Pat, 5/5

# 2, Clade 20A, Emp, 6/25

# 7, Clade 20A, Emp, 6/24
# 34, Clade 20A, Emp, 6/29

# 8, Clade 20A, Emp, 6/22

# 40, Clade 20C, Pat, 6/2

# 32, Clade 20C, Emp, 9/1

# 29, Clade 20C, Emp, 8/26

# 41, Clade 20C, Pat, 5/22

# 4, Clade 20B, Emp, 6/24

# 5, Clade 20B, Pat, 7/8

# 28, Clade 20B, Emp, 7/2
# 35, Clade 20B, Emp, 7/6

# 42, Clade 20B, Pat, 7/1

# 33, Clade 20B, Emp, 7/20

# 27, Clade 20A, Emp, 8/5

# 36, Clade 20A, Pat, 10/7

# 12, Clade 20A, Emp, 11/3

# 6, Clade 20A, Emp, 6/25

# 39, Clade 20B, Pat, 6/30

# 21, Clade 19A, Emp, 11/3
# 3, Clade 20A, Emp, 10/27

# 25, Clade 20A, Emp, 10/29

# 24, Clade 20A, Emp, 10/15

# 26, Clade 20A, Emp, 10/17

# 37, Clade 20A, Pat, 9/28

# 13, Clade 20A, Emp, 11/5

# 14, Clade 20B, Emp, 11/3

# 9, Clade 20G, Emp, 6/22

# 31, Clade 20G, Emp, 9/1

Cluster A

Cluster B

Cluster C

Cluster D

Cluster E

Cluster F

Cluster G

Control Emp

Control Pat

Wuhan Reference

# 38, Clade 20G, Pat, 6/25

# 19, Clade 20G, Emp, 11/3

# 43, Clade 20G, Pat, 10/5

# 20, Clade 20G, Emp, 11/6

# 22, Clade 20G, Emp, 11/10

# 23, Clade 20G, Emp, 11/12

# 30, Clade 20C, Emp, 10/2

# 10, Clade 20C, Emp, 10/26

# 11, Clade 20C, Pat, 10/28
# 15, Clade 20C, Emp, 10/26

# 18, Clade 20C, Emp, 10/28

# 16, Clade 20C, Emp, 10/21

# 17, Clade 19A, Emp, 10/26

2
1

1

4

4

8

2

10

3

4

2
11

11

2

2

2

2

2

10

13

13
1

3

19

5

5
16

21

17
4

4

2

2
19

4

2

2

3

5

3

29

7

7

7

2

29

13

1

1
11

12

14

2
2

16

14

4

4
10

3

1

30

30

3

3

2

3

3

1

1
2

3
5

8
28
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Our study has several limitations. We did not sequence all 
viruses from the clusters because some samples were not avail-
able or did not meet the stringent requirements for quality of 
sequencing. In addition, we only sequenced a small sample 
of control employee and patient samples. Thus, we cannot be 
certain that some of the transmission events did not represent 
concurrent acquisition of related viruses widely circulating in 
the community. Finally, it is possible that we underestimated 
the sequence relatedness because we used strict filtering criteria 
and both the Nextclade and Bionumerics 7.6 phylogenetic tree 
methodologies for concurrence.

In conclusion, we found that clusters of COVID-19 with sus-
pected transmission predominantly involved health care per-
sonnel and often occurred in outpatient clinics. Sequencing 
results provided evidence supporting multiple transmission 
events between coworkers and in 2 cases from health care per-
sonnel to patients. The findings contributed to development of 
improved infection control measures to limit nosocomial trans-
mission of SARS-CoV-2, including efforts to increase spacing 
between coworkers.
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Underlying Medical Conditions Associated with Higher Risk
for Severe COVID-19: Information for Healthcare Providers
Updated Oct. 14, 2021 Print

Purpose

This webpage provides an evidence-based resource for healthcare providersevidence-based resource for healthcare providers caring for patients with underlying medical
conditions who are at higher risk of developing severe outcomes of COVID-19. Severe outcomes are de ned as
hospitalization, admission to the intensive care unit (ICU), intubation or mechanical ventilation, or death.

This page summarizes data from published reports, scienti c articles in press, unreviewed pre-prints, and internal data that
were included in a literature review conducted by subject matter experts as of August 31, 2021. The information re ects
current evidence regarding underlying medical conditions and is intended to help healthcare providers make informed
decisions about patient care and increasing the awareness of risk among their patients.

Background
We continue to learn more about the risk factors for severe COVID-19 outcomes. Age is the strongest risk factor for severe
COVID-19 outcomes. Approximately 54.1 million people aged 65 years or older reside in the United States; in 2020 this age
group accounted for 81% of U.S. COVID-19 related deaths, and as of September 2021 the mortality rate in this group was
more than 80 times the rate of those aged 18-29.  In 2020, residents of long-term care facilities made up less than 1% of
the U.S. population but accounted for more than 35% of all COVID-19 deaths.  Additionally, adults of any age with certain
underlying medical conditions are at increased risk for severe illness from COVID-19.

Studies have shown that COVID-19 does not a ect all population groups equally. The risk of severe COVID-19 increases as the
number of underlying medical conditions increases in a person.  People with disabilities are more likely than people
without disabilities to have chronic health conditions, live in congregate settings, and face more barriers to healthcare.
Studies have shown that some people with certain disabilities are more likely to get COVID-19 and have worse outcomes.
Some chronic medical conditions occur more frequently or at a younger age in certain racial or ethnic minority populations.
Moreover, data has also shown that compared to non-Hispanic White people, members of certain racial and ethnic minority
groups are dying from COVID-19 at younger ages.  Based on mortality data from CDC’s National Vital Statistics System

For the general public, see People with Certain Medical Conditions for an overview of medical conditions and resources.
For information on the evidence used to update the list of underlying medical conditions, see the Science Brief.

An updated list of high-risk underlying conditions, based on what has been reported in the literature as of August 31,
2021 is provided below. The conditions are grouped by the level of evidence, with the highest level at the top. The list of
underlying medical conditions is not exhaustive and will be updated as the science evolves. CDC is currently reviewing
additional underlying conditions, and some of these might have su cient evidence to be added to the list. This list should
not be used to exclude people with underlying conditions from recommended preventive measures such as booster
doses of vaccines or needed therapies. The process and evidence used to update the list is found in the brief of Scienti c
Evidence for Conditions that Increase Risk of Severe Illness.

(1, 2)

(3-7)

(8)

(9–11)

(12-14)

(15-17)

(18)

COVID-19
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(NVSS), from February 1, 2020 to September 30, 2021, there have been an estimated 700,000 excess deaths in the United
States. The largest percentage increases in mortality occurred among adults aged 25–44 years and among Hispanic or Latino
people.

Additionally, we are still learning about how conditions that a ect the environments where people live, learn, and work can
in uence the risk for infection and severe COVID-19 outcomes. These social determinants of health include neighborhood
and physical environment, housing, occupation, education, food security, access to healthcare, and economic stability.

Summary of Conditions with Evidence
1. Comorbidities that are supported by at least one meta-analysis or systematic reviewmeta-analysis or systematic review or by review method de ned in
Scienti c Evidence brief.

Cancer

Cerebrovascular disease

Chronic kidney disease*

Chronic lung diseases limited to:

Interstitial lung disease

Pulmonary embolism

Pulmonary hypertension

Bronchopulmonary dysplasia

Bronchiectasis

COPD (chronic obstructive pulmonary disease)

Chronic liver diseases limited to:

Cirrhosis

Non-alcoholic fatty liver disease

Alcoholic liver disease

Autoimmune hepatitis

Diabetes mellitus, type 1 and type 2*

Heart conditions (such as heart failure, coronary artery disease, or cardiomyopathies)

Mental health disorders limited to:

Mood disorders, including depression

Schizophrenia spectrum disorders

Obesity (BMI ≥30 kg/m2)*

Pregnancy and recent pregnancy

Smoking, current and former

Tuberculosis

2. Comorbidities that are supported by at least one observational studyobservational study (e.g., cohort, case-control, or cross-sectional):

Children with certain underlying conditions

Down syndrome

HIV (human immunode ciency virus)

Neurologic conditions, including dementia

Overweight (BMI ≥25 kg/m2, but <30 kg/m2)

Sickle cell disease

Solid organ or blood stem cell transplantation

(19)

•
•
•
•
-
-
-
-
-
-

•
-
-
-
-

•
•
•
-
-

•
•
•
•

These studies might include systematic review or meta-analysis that represents one condition in a larger group of
conditions (for example, kidney transplant under the category of solid organ or blood stem cell transplantation).

•
•
•
•
•
•
•
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Substance use disorders

Use of corticosteroids or other immunosuppressive medications

3. Comorbidities that are supported by mostly case series, case reports, or, if other study design, the sample size is smallecase series, case reports, or, if other study design, the sample size is smalli  (and
no systematic review or meta-analysis available was available to review):

Cystic brosis

Thalassemia

4. Comorbidities that are supported by mixed evidencemixed evidence:

Asthma

Hypertension, possibly*

Immune de ciencies (except people with moderate to severe immune compromise due to a medical condition or receipt
of immunosuppressive medications or treatments)

Footnote:

* indicates underlying conditions for which there is evidence for pregnant and non-pregnant people

Actions Providers Can Take
Approved and authorized COVID-19 vaccines (initial doses and boosters) are safe and e ective and should be
administered to people at higher risk including people with some underlying medical conditions. Reassure patients that
clinical trials demonstrated similar safety and e cacy pro les in people with some underlying medical conditions,
including those that place them at higher risk for severe COVID-19 symptoms, compared to people without underlying
medical conditions.

Check out additional information for your patients, including a link to your state or territorial health department’s
website on eligibility for and locations for COVID-19 vaccination.

Encourage patients to keep appointments for routine care and adhere to treatment regimens.

Consider use of telehealth in coordination with community-based organizations, family members, or other providers,
when appropriate, although some patients may not have knowledge of or access to appropriate technology or internet
service.

Encourage patients with underlying medical conditions to continue practicing preventive measures, such as wearing a
mask and physical distancing, to avoid infection with the virus that causes COVID-19. This becomes even more important
with increasing age and number and severity of underlying conditions.

Carefully consider potential additional risks of COVID-19 illness for patients who are members of certain racial and
ethnic minority groups, and how to facilitate access to culturally and linguistically appropriate resources. These patients
are often younger when they develop chronic medical conditions, might be at higher risk of having more than one
underlying medical condition, and at higher risk for acquisition of COVID-19. Studies have shown that people in certain
ethnic and racial minority groups are dying from COVID-19 at younger ages.

Key Findings from One Large Cross-Sectional Study

•
•

De ned as having an association in one or more case series studies. If there are cohort or case-control studies, the
sample size was small. Conditions included might be less common.

•
•

De ned as having an association in at least one meta-analysis or systematic review and additional studies or reviews that
reached di erent conclusions about risk associated with a medical condition.

•
•
•

•

•

•
•

•

•
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Underlying Medical Conditions and Severe Illness Among 540,667 Adults Hospitalized With COVID-19, March 2020–MarchUnderlying Medical Conditions and Severe Illness Among 540,667 Adults Hospitalized With COVID-19, March 2020–Marchderlying Medical Conditions and Severe Illness Among 540,667 Adults Hospitalized With COVID-19, March 2020–MarchUnderlying Medical Conditions and Severe Illness Among 540,667 Adults Hospitalized With COVID-19, March 2020–Marchnderlying Medical Conditions and Severe Illness Among 540,667 Adults Hospitalized With COVID-19, March 2020–
20212021

This study used data from the Premier Healthcare Database, which represents approximately 20% of all inpatient admissions
in the United States since 2000. This cross-sectional study of 540,667 adults hospitalized with COVID-19 included both
inpatients and hospital-based outpatients with laboratory-diagnosed COVID-19 from March 1, 2020, through March 31, 2021.
The database included reports from 592 acute care hospitals in the United States. The study was designed to examine risk
factors associated with severe outcomes of COVID-19 including admission to an ICU or stepdown unit, invasive mechanical
ventilation (IMV), and death.

Main Findings
Certain underlying medical conditions increased risk for severe COVID-19 illness in adults.

Having multiple conditions also increased risk.

Obesity, diabetes with complications, and anxiety and fear-related disorders had the strongest association with death.

The risk associated with a condition increased with age.

Reference:Reference:  Kompaniyets L, Pennington AF, Goodman AB, Rosenblum HG, Belay B, Ko JY, et al. Underlying Medical Conditions
and Severe Illness Among 540,667 Adults Hospitalized With COVID-19, March 2020–March 2021. Prev Chronic Dis
2021;18:210123. DOI: http://dx.doi.org/10.5888/pcd18.210123 .

View Larger

•
•
•
•
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View Larger
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More Information

CDC strongly encourages healthcare providers, patients and their advocates, and health system administrators to
regularly consult the COVID-19 Treatment Guidelines  by the National Institutes of Health (NIH).

Information about enrolling in clinical trials related speci cally to COVID-19 can be found at CombatCovid.hhs.gov ,
and includes opportunities for people with and without COVID-19.

Visit CDC’s COVID Data Tracker for current data.

Visit CDC’s COVID-19 Vaccination for vaccine information and resources.
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Visit CDC’s Demographic Trends of COVID-19 Cases and Deaths in the U.S. for COVID-19 hospitalization and death data by
race/ethnicity.

Visit CDC’s Health Equity page for health equity considerations for racial and ethnic minority groups.

Please contact your state, tribal, local, or territorial health department for more information on COVID-19 vaccination in
your area.

References

1. Ahmad FB, Cisewski JA, Miniño A, Anderson RN. Provisional Mortality Data – United States, 2020 [published
correction appears in MMWR Morb Mortal Wkly Rep. 2021 Jun 18;70(24):900]. MMWR Morb Mortal Wkly Rep.
2021;70(14):519-522. Published 2021 Apr 9. doi:10.15585/mmwr.mm7014e1

2. COVID Data Tracker. Centers for Disease Control and Prevention. https://covid.cdc.gov/covid-data-
tracker/#datatracker-home

3. Abrams HR, Loomer L, Gandhi A, Grabowski DC. Characteristics of US Nursing Homes with COVID-19 Cases.
Journal of the American Geriatrics Society 20202020; 68(8): 1653-1656. doi: /10.1111/jgs.16661

4. Grabowski DC, Mor V. Nursing Home Care in Crisis in the Wake of COVID-19. Journal of the American Medical
Association 20202020. doi:10.1001/jama.2020.8524

5. Brown KA, Jones A, Daneman N, et al. Association between nursing home crowding and COVID-19 infection and
mortality in Ontario, Canada. Journal of the American Medical Association, Internal Medicine 20202020.
doi:10.1001/jamainternmed.2020.6466

6. Sarah HY, See I, Kent AG, et al. Characterization of COVID-19 in assisted living facilities—39 states, October 2020.
MMWR Morb Mortal Wkly Rep 20202020; 69(46): 1730. doi: 10.15585/mmwr.mm6946a3

7. Fisman DN, Bogoch I, Lapointe-Shaw L, McCready J, Tuite AR. Risk factors associated with mortality among
residents with coronavirus disease 2019 (COVID-19) in long-term care facilities in Ontario, Canada. Journal of the
American Medical Association 20202020; 3(7): e2015957-e. doi:10.1001/jamanetworkopen.2020.15957

8. Harrison, S. L., Fazio-Eynullayeva, E., Lane, D. A., Underhill, P., & Lip, G. (2020). Comorbidities associated with
mortality in 31,461 adults with COVID-19 in the United States: A federated electronic medical record analysis. PLoS
medicine, 17(9), e1003321. doi: 10.1371/journal.pmed.1003321

9. De Giorgi, F. Fabbian, S. Greco, et al. Prediction of in-hospital mortality of patients with SARS-CoV-2 infection by
comorbidity indexes: an Italian internal medicine single center study Eur Rev Med Pharmacol Sci. 2020, 24(19),
10258-10266. doi: 10.26355/eurrev_202010_23250

10. Lenin Dominguez-Ramirez, Francisco Rodriguez-Perez, Francisca Sosa-Jurado, Gerardo Santos-Lopez, Paulina
Cortes-Hernandez The role of metabolic comorbidity in COVID-19 mortality of middle-aged adults. The case of
Mexico medRxiv 2020.12.15.20244160; doi: 10.1101/2020.12.15.20244160

11. Rosenthal, N et al. Risk Factors Associated With In-Hospital Mortality in a US National Sample of Patients With
COVID-19. JAMA Network Open.2020;3(12):e2029058. doi:10.1001/jamanetworkopen.2020.29058

12. Dixon-Ibarra A, Horner-Johnson W. Disability status as an antecedent to chronic conditions: National Health
Interview Survey, 2006-2012. Prev Chronic Dis. 2014 Jan 30;11:130251. doi: 10.5888/pcd11.130251

13. Landes SD, Turk MA, Formica MK, McDonald KE, Stevens JD. COVID-19 outcomes among people with intellectual
and developmental disability living in residential group homes in New York State. Disabil Health J. 2020
Oct;13(4):100969. doi: 10.1016/j.dhjo.2020.100969

14. Okoro CA, Hollis ND, Cyrus AC, Gri n-Blake S. Prevalence of Disabilities and Health Care Access by Disability Status
and Type Among Adults — United States, 2016. MMWR Morb Mortal Wkly Rep 2018;67:882–887. doi:
10.15585/mmwr.mm6732a3

15. Gleason J, Ross W, Fossi A, Blonsky H, Tobias J, Stephens M. The devastating impact of Covid-19 on individuals with
intellectual disabilities in the United States. NEJM Catalyst Innovations in Care Delivery. 2021 Mar 5;2(2).

See All References 















 













AR-04118

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 73 of 275   PageID 4659Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 73 of 275   PageID 4659



11/15/21, 8:40 AM Underlying Medical Conditions Associated with Higher Risk for Severe COVID-19: Information for Healthcare Providers

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html 7/7

16. Turk MA, Landes SD, Formica MK, Goss KD. Intellectual and developmental disability and COVID-19 case-fatality
trends: TriNetX analysis. Disability and Health Journal. 2020 Jul 1;13(3):100942.

17. Makary M, West Health Institute. Risk Factors for COVID-19 Mortality among Privately Insured Patients: A Claims
Data Analysis. FAIR Health White Paper. November 2020.

18. 19.18. Health Disparities: Race and Hispanic Origin. Provisional Death Counts for Coronavirus Disease 2019.
Centers for Disease Control and Prevention. Updated September 20, 2021. (COVID-19)
https://www.cdc.gov/coronavirus/2019-ncov/community/health-equity/index.html

19. Rossen LM, Branum AM, Ahmad FB, Sutton P, Anderson RN. Excess Deaths Associated with COVID-19, by Age and
Race and Ethnicity — United States, January 26–October 3, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1522–
1527.

20. Excess Deaths Associated with COVID-19. Centers for Disease Control and Prevention. Updated September 29,
2021. https://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm



 

Last Updated Oct. 14, 2021

AR-04119

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 74 of 275   PageID 4660Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 74 of 275   PageID 4660



11/15/21, 8:55 AM Unintended Consequences of COVID-19 Mitigation Strategies | CDC

https://www.cdc.gov/coronavirus/2019-ncov/community/health-equity/racial-ethnic-disparities/disparities-impact.html 1/4

Unintended Consequences of COVID-19 Mitigation
Strategies
Racial and Ethnic Health Disparities
Updated Dec. 10, 2020 Print

Why are some racial and ethnic minority groups disproportionately a ected by COVID-19?
1. Introduction

2. Risk of Exposure to COVID-19

3. Risk of Severe Illness or Death from COVID-19

4. Disparities in COVID-19 Illness

5. Disparities in COVID-19-Associated Hospitalizations

6. Disparities in COVID-19 Deaths

77. . Unintended Consequences of COVID-19 MitigationUnintended Consequences of COVID-19 Mitigation
StrategiesStrategies

8. What We Can Do to Move Towards Health Equity

COVID-19 mitigation activities are actions that people and communities can take to slow the spread of the virus. These
mitigation activities include personal prevention practices and actions to safely maintain operations and healthy
environments in facilities and workplaces. Some examples of personal prevention practices include handwashing, staying
home when sick, practicing social distancing, and wearing a face mask. COVID-19 mitigation activities have also included
restrictions on travel and gatherings, academic and business closures, and stay-home orders. The goal of these mitigation
activities is to minimize COVID-19 cases and deaths, but they can also have economic, social, and secondary health
consequences.

Many of the inequities in social determinants of health drive poor health outcomes, such as neighborhood and physical
environment, health and healthcare, occupation, economic stability, and education. These inequities may become worse
during the COVID-19 response, disproportionately a ecting racial and ethnic minority groups. Unintended consequences of
these inequities may include lost wages, unemployment, and loss of health insurance as a result of business closures; stress
and social isolation because of restrictions on social gatherings; and the stigma of having or being suspected of having the
virus if wearing a mask. These unintended consequences may cause exceptional di culties in communities with limited
resources and communities in which mitigation strategies are more strictly enforced.

Discrimination exists in systems meant to protect well-being and health. Examples of such systems that are associated with
increased risk for exposure to COVID-19 include housing, education, criminal justice, and nance. Discrimination, which
includes racism, shapes social and economic factors that can put racial and ethnic minority groups at higher risk for COVID-19
infection. These same factors, in turn, contribute to worse economic, social, and secondary health consequences of
mitigation strategies.

Disproportionate impacts of mitigation strategies
Data and information are limited about unintended consequences of COVID-19 mitigation strategies for di erent racial and
ethnic minority groups. Some studies that have identi ed disproportionate impacts of COVID-19 mitigation strategies for
racial and ethnic minority groups are described below.

Unemployment and loss of healthUnemployment and loss of health
insurance: insurance: Racial and ethnic minority
groups experienced higher job losses

1, 2, 3, 4, 5

•
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g oups e pe e ced g e  job osses

during the COVID-19 pandemic
causing increased nancial instability
and may result in loss of health
insurance, reduced access to
healthcare, and food and housing
insecurity.

Food insecurityFood insecurity: The COVID-19
pandemic may increase food
insecurity for some people because of
loss of jobs and children not getting
school lunches. Food insecurity
occurs when people do not have
stable access to food or do not eat
consistently because of lack of money
and other resources.  In 2016, 15.6
million U.S. households were food
insecure at some time during the
year.  Racial and ethnic disparities
related to food insecurity existed prior to the COVID-19 pandemic. In 2016, non-Hispanic Black households were nearly 2
times as likely to be food insecure than the national average (22.5% versus 12.3%, respectively) and 18.5% of Hispanic or
Latino households reported food insecurity.

From a March 2020 survey, we know that 44% of adults were food insecure in the past 30 days among households with
incomes that were less than 250% of the federal poverty level. There were higher percentages of food insecurity among
non-Hispanic Black adults, Hispanic or Latino adults, and people of other race or ethnicity compared with non-Hispanic
White or Asian adults. Lastly, more severe food insecurity was correlated with challenges meeting basic needs such as
access to healthcare, ability to pay rent or mortgage, and issues with employment.  Food insecurity is associated with
poor health, which could further worsen health disparities by race and ethnicity.

Housing instability:Housing instability: Higher unemployment rates for some racial and ethnic minority groups during the COVID-19
pandemic increase nancial instability and may lead to greater risk of eviction and homelessness or relying on family or
friends for housing. During April–July 2020, a higher percent of adults in racial and ethnic minority groups compared with
non-Hispanic White people reported that they were not able to pay rent on time. The percent of adults who reported not
being able to pay rent on time increased from April to July for all racial and ethnic groups, with the largest increase
reported among Hispanic or Latino adults.

Preventive healthcare servicesPreventive healthcare services: The COVID-19 pandemic has further strained the U.S. healthcare system. There have
been disruptions in providing routine preventive and other nonemergency care, such as routine well-child care,
preventive dental care, and immunizations. People may be afraid they could be exposed to COVID-19 if they go to the
doctor. Based on a recent survey, an estimated 41% of U.S. adults avoided medical care during the pandemic because of
concerns about COVID-19. Avoiding urgent or emergency care was more common among people with underlying
medical conditions compared to people without those conditions, non-Hispanic Black and Hispanic or Latino adults
compared to non-Hispanic White adults, and people with disabilities compared to people without disabilities. Avoiding or
delaying care could increase the risk of severe illness or death from other medical conditions or COVID-19.  Substantial
reductions in orders for vaccines started the week after the national emergency declaration on March 13, 2020. The
decline in orders for children aged 24 months or younger was smaller compared with vaccination orders for older
children and have since started to increase. However, the ongoing COVID-19 pandemic is a reminder of the
importance of vaccination, particularly for non-Hispanic Black, Hispanic or Latino, and non-Hispanic Asian people who
had lower vaccination coverage for some vaccines before the pandemic.

Mental health and bereavement
The disproportionate burden of COVID-19 experienced by racial and ethnic minority groups, combined with the unintended
consequences of COVID-19 mitigation strategies, including increased social isolation, may also a ect mental health and
bereavement.

Mental healthMental health: The COVID-19 pandemic has been stressful for many people. Fear and anxiety about a new disease and
what could happen can be overwhelming and cause strong emotions in adults and children. Some groups may be more
a ected than others. Studies about mental health found inconsistent e ects of the COVID-19 pandemic on di erent
racial and ethnic groups. One study found elevated depressive symptoms, and fear of COVID-19 among racial and ethnic
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minority populations (combined) compared with non-Hispanic White people.  Another study found symptoms of
adverse mental or behavioral health conditions were more common among Hispanic and non-Hispanic Black people
compared with non-Hispanic White people . However, another study found that compared with White young adults
(aged 18-30 years), Asian American young adults were less likely to report high levels of poor mental health symptoms,
including depression, and both Asian American and Hispanic or Latino young adults were less likely to report high levels
of anxiety. The e ect of the COVID-19 pandemic on mental health may be in uenced by the intersection of age,
income, employment, and other social factors, in addition to race and ethnicity.

BereavementBereavement: Many people are experiencing grief during the COVID-19 pandemic. Grief is a normal response to loss
during or after a disaster or other traumatic event. Grief can happen in response to loss of life, as well as to drastic
changes in daily routines and ways of life that usually bring us comfort and a feeling of stability. Some groups may be
more likely to experience loss of a loved one due to COVID-19. Non-Hispanic Black people were found to be more likely
to have a close relative who died from COVID-19.

Inequities in the social determinants of health increase the negative e ects of the COVID-19 pandemic for some racial and
ethnic minority groups. We need to work together to reduce the negative e ects that COVID-19 community mitigation
strategies have had on individuals and communities, including working to address inequities in the social determinants of
health. Learn more about what we can do to move towards health equity.
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As of September 21, 2020, the coronavirus disease 2019 (COVID-19) pandemic had resulted in
6,786,352 cases and 199,024 deaths in the United States.* Health care personnel (HCP) are
essential workers at risk for exposure to patients or infectious materials (1). The impact of COVID-
19 on U.S. HCP was rst described using national case surveillance data in April 2020 (2). Since
then, the number of reported HCP with COVID-19 has increased tenfold. This update describes
demographic characteristics, underlying medical conditions, hospitalizations, and intensive care
unit (ICU) admissions, strati ed by vital status, among 100,570 HCP with COVID-19 reported to CDC
during February 12–July 16, 2020. HCP occupation type and job setting are newly reported. HCP
status was available for 571,708 (22%) of 2,633,585 cases reported to CDC. Most HCP with COVID-
19 were female (79%), aged 16–44 years (57%), not hospitalized (92%), and lacked all 10 underlying
medical conditions speci ed on the case report form  (56%). Of HCP with COVID-19, 641 died.
Compared with nonfatal COVID-19 HCP cases, a higher percentage of fatal cases occurred in males
(38% versus 22%), persons aged ≥65 years (44% versus 4%), non-Hispanic Asians (Asians) (20%
versus 9%), non-Hispanic Blacks (Blacks) (32% versus 25%), and persons with any of the 10
underlying medical conditions speci ed on the case report form (92% versus 41%). From a subset
of jurisdictions reporting occupation type or job setting for HCP with COVID-19, nurses were the most frequently identi ed single
occupation type (30%), and nursing and residential care facilities were the most common job setting (67%). Ensuring access to
personal protective equipment (PPE) and training, and practices such as universal use of face masks at work, wearing masks in the
community, and observing social distancing remain critical strategies to protect HCP and those they serve.

Data from laboratory-con rmed and probable COVID-19 cases, voluntarily reported to CDC from state, local, and territorial health
departments during February 12–July 16, 2020, were analyzed. COVID-19 cases are reported using a standardized case report form,
which collects information on demographic characteristics, whether the case occurred in a U.S. health care worker (HCP status),
symptom onset date, underlying medical conditions, hospitalization, ICU admission, and death. HCP occupation type and job setting
were added to the case report form in May, enabling prospective and retrospective entry of these elements. Case surveillance data
were enriched with additional cases from a COVID-19 mortality-focused supplementary surveillance e ort in three jurisdictions  (3).
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SummarySummary
What is already known about this topic?What is already known about this topic?

Health care personnel (HCP) are essential workers at risk for COVID-19.

What is added by this report?What is added by this report?

HCP with COVID-19 who died tended to be older, male, Asian, Black, and have an underlying
medical condition when compared with HCP who did not die. Nursing and residential care
facilities were the most commonly reported job setting and nursing the most common single
occupation type of HCP with COVID-19 in six jurisdictions.

What are the implications for public health practice?What are the implications for public health practice?

Continued surveillance is vital to understand the impact of COVID-19 on essential workers.
Ensuring access to personal protective equipment and training, and practices such as universal
use of face masks at work, wearing masks in the community, and observing social distancing
remain critical strategies to protect HCP and those they serve.
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Descriptive analyses were used to examine characteristics by vital status. HCP occupation type and job setting were reported by a
subset of jurisdictions with at least ve HCP cases for each variable. Analyses were conducted using Stata (version 15.1; StataCorp)
and SAS (version 9.4; SAS Institute).

Among 2,633,585 U.S. COVID-19 cases reported individually to CDC during February 12–July 16, HCP status was available for 571,708
(22%) persons, among whom 100,481 (18%) were identi ed as HCP. Data completeness for HCP status varied by jurisdiction; among
jurisdictions that included HCP status on ≥70% of cases and reported at least one HCP case (11), HCP accounted for 14% (14,938 of
109,293) of cases with HCP status available and 11% (14,938 of 132,340) of all reported cases. Case report form data were enriched
with 89 additional HCP cases using supplementary mortality data; thus, the nal HCP case total for analysis was 100,570 (Table 1).

Among HCP with COVID-19 overall, the median age was 41 years (interquartile range = 30–53 years); 79% of cases were in females.
Among 69,678 (69%) HCP cases with data on race and ethnicity, 47% were in non-Hispanic Whites (Whites), 26% were in Blacks, 12%
were in Hispanics or Latinos of any race (Hispanics), and 9% were in Asians. Of persons with known hospitalization or ICU admission
status, 8% (6,832 of 83,202) were hospitalized and 5% (1,684 of 33,694) were treated in an ICU. Vital status was known for 67%
(67,746) of HCP with COVID-19; among those, 641 (1%) died. Deaths among HCP with COVID-19 were reported in 22 jurisdictions.
Compared with those who survived, decedents tended to be older (median age = 62 versus 40 years), male (38% versus 22%), Asian
(20% versus 9%), or Black (32% versus 25%).

Among HCP cases with data on one or more of 10 underlying medical conditions speci ed on the case report form, 17,838 (44%)
persons had at least one condition. The most common were cardiovascular disease (18%), chronic lung disease (16%), and diabetes
mellitus (13%). The vast majority (92%) of fatal HCP cases were among HCP with an underlying medical condition. More than one half
had cardiovascular disease (61%) or diabetes mellitus (52%), conditions known to increase the risk for severe COVID-19 ; 32% were
reported to have both conditions (Table 1).

Six jurisdictions reported the occupation type** or job setting  for at least ve HCP with COVID-19 (Table 2). Among HCP with COVID-
19 in these jurisdictions, occupation type was available for 59% (5,913 of 9,984) and job setting for 41% (6,955 of 17,052). Health care
support workers accounted for the largest overall group of occupation types (32%), and nurses constituted the largest single
occupation type (30%) (Table 2). Within this subset of HCP cases, two thirds (67%) were in persons reported to work in nursing and
residential care facilities.

Top

Discussion
State, local, and territorial health departments voluntarily submit COVID-19 case noti cation data to CDC, and these critical data help
provide a national picture of cases. The rst report on HCP with COVID-19 using national case surveillance data in April 2020 (2)
described characteristics of 9,282 HCP cases and 27 deaths among approximately 315,000 total cases. As of July 16, 2020, among
approximately 2.5 million reported U.S. COVID-19 cases, 100,570 cases in HCP and 641 deaths among HCP with COVID-19 have been
reported to CDC. Continued national surveillance is vital to evaluate the e ect of the pandemic on HCP, and this update emphasizes
the ongoing impact on this essential working population.

Among reported HCP with COVID-19, age and sex distributions remain comparable to those of the overall U.S. HCP workforce ;
however, compared with nonfatal COVID-19 cases in HCP, fatal HCP cases were more common among older persons and males.
Similar to ndings described in the overall population (4,5), HCP with underlying medical conditions who developed COVID-19 were
at increased risk for death. Almost all reported HCP with COVID-19 who died had at least one of 10 underlying conditions listed on
the case report form, compared with fewer than one half of those who survived. Asian and Black HCP were also more prevalent
among fatal cases; disproportionate mortality of persons from some racial and ethnic groups among cases has also been described
in the general population (3). Long-standing inequities in social determinants of health can result in some groups being at increased
risk for illness and death from COVID-19, and these factors must also be recognized and addressed when protecting essential
workers in the workplace, at home, and in the community. Ensuring adequate allocation of PPE to all HCP in the workplace is one
important approach to mitigating systemic inequalities in COVID-19 risk (6). As the COVID-19 pandemic continues in the United
States, HCP are faced with increasing fatigue, demands, and stressors. HCP who are at higher risk for severe illness and death from
COVID-19 should maintain ongoing communication with their personal health care providers and occupational health services to
manage their risks at work and in the community.

In this update, most HCP with COVID-19 were reported to work in nursing and residential care facilities. Large COVID-19 outbreaks in
long-term care facilities suggest that transmission occurs among residents and sta  members (7,8). During the COVID-19 pandemic,
multiple challenges in long-term care settings have been identi ed, including inadequate sta ng and PPE, and insu cient training in
infection prevention and control. As the pandemic continues, it is essential to meet the health and safety needs of HCP serving
populations requiring long-term care. Importantly, HCP cases were also identi ed from a variety of other health care settings.
Therefore, increased access to resources, appropriate training, and ongoing support are needed across the health care spectrum to
protect all HCP and their patients.
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HCP with COVID-19 were reported among a diverse range of occupations. Nurses represented 30% of HCP cases with known
occupation type, but account for only approximately 15% of the total U.S. health care and social assistance workforce.  Nurses and
health care support workers often have frequent, close contact with patients and work in settings that might increase their risk for
acquiring SARS-CoV-2, the virus that causes COVID-19. HCP who do not provide direct patient care, such as administrative sta
members and environmental service workers, were also reported to have COVID-19. Risk to HCP can occur through pathways other
than direct patient care, such as exposure to coworkers, household members, or persons in the community. HCP who acquire SARS-
CoV-2 can similarly introduce the virus to patients, coworkers, or persons outside the workplace. Thus, practices such as universal
use of face masks at work, wearing masks in the community, observing social distancing, and practicing good hand hygiene remain
critical strategies to protect HCP and the populations they serve. Screening HCP for illness before workplace entry and providing
nonpunitive sick leave options remain critical practices.

The ndings in this report are subject to at least ve limitations. First, although reporting completeness increased from 16% in April
to 22% in July (2), HCP status remains missing for most cases reported to CDC. HCP might be prioritized for testing, but the actual
number of cases in this population is most certainly underreported and underdetected, especially in asymptomatic persons (9,10).
Second, the amount of missing data varied across demographic groups, underlying medical conditions, and health outcomes;
persons with known HCP status and other information might di er systematically from those for whom this information is not
available. Third, details of HCP occupation type and job setting were not included on the CDC case report form until May 2020, and
only six jurisdictions reported these data. Fourth, testing strategies and availability can vary by jurisdiction and health care setting,
in uencing the numbers and types of HCP cases detected. Finally, this report does not include information on whether exposure to
SARS-CoV-2 among HCP cases occurred in the workplace or in other settings, such as the household or community.

As of July 16, 2020, 100,570 COVID-19 cases in HCP and 641 deaths among HCP with COVID-19 were reported in the United States.
Information on COVID-19 among essential workers, including HCP, can inform strategies needed to protect these populations and
those they serve, including decisions related to COVID-19 vaccination, when available. Factors such as demographics, including race
and ethnicity, underlying health conditions, occupation type, and job setting can contribute to the risk of HCP acquiring COVID-19
and experiencing severe outcomes, including death. Given the evidence of ongoing COVID-19 infections among HCP and the critical
role these persons play in caring for others, continued protection of this population at work, at home, and in the community remains
a national priority.***
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 Underlying medical condition status was classi ed as “known” if any of these 10 conditions, speci ed on the standard case report
form, were reported as present or absent: diabetes mellitus; cardiovascular disease (includes hypertension); severe obesity (body
mass index ≥40 kg/m ); chronic renal disease; chronic liver disease; chronic lung disease; immunosuppressive condition;
autoimmune condition; neurologic condition (including neurodevelopmental, intellectual, physical, visual, or health impairment); and
psychologic/psychiatric condition.

 The supplementary mortality surveillance e ort, which included persons with laboratory-con rmed COVID-19 who died during
February 12–April 24, 2020, identi ed 89 additional HCP and two additional deaths among known HCP from three jurisdictions:
Michigan, New Jersey, and New York City.

 https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html.
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** Seventeen HCP occupation type categories: health care support worker (includes nursing assistant, medical assistant, and other
care provider or aide); nurse; administrative sta  member; environmental services worker; physician; medical technician; behavioral
health worker; rst responder; dietary services worker; dental worker; laboratorian; occupational, physical, or speech therapist;
pharmacy worker; respiratory therapist; phlebotomist; physician assistant; and other; data were reported in ve jurisdictions
(Alaska, Kansas, Minnesota, North Carolina, and Utah).

 Three HCP job setting categories: nursing and residential care facility (includes long-term care facility [nursing home/assisted living
facility], rehabilitation facility, and group home); hospital; ambulatory health care service (includes outpatient care center, home
health care service, and dental facility); data were reported in ve jurisdictions (Alaska, Kansas, Michigan, Minnesota, and Utah).

https://www.bls.gov/cps/tables.htm#charemp .

https://data.bls.gov/projections/nationalMatrix?queryParams=620000&ioType=i .

*** https://www.cdc.gov/coronavirus/2019-nCoV/hcp/index.html.
Top
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TABLE 1. Demographics, underlying medical conditions, hospitaliABLE 1. Demographics, underlying medical condBLE 1. Demographics, underlying medical conditions, hospitaliTABLE 1. Demographics, underlying medical conditions, hospitalization status, and intensive care unit (ICU)zation status, and intensive care unit (ICU)
status among health care personnel (HCP) with COVID-19, by vitaealth care personnestatus among health care personnel (HCP) with COVID-19, by vitaith COVID b i l status — United States, February 12–Julyl status — United States, February 12–July
16, 202016, 2020

Characteristic*Characteristic*

No. (%)No. (%)
Case fatality ratio,Case fatality ratio,
no./total no.no./total no.TotaTotal AliveAlive DeceasedDeceased UnknownUnknown

TotaTotal 100,570100,570 67,10567,105 641641 32,82432,824 0.95 (641/67,746)0.95 (641/67,746)

Age group (yrs)Age group (yrs) N =N =
100,432100,432

N =N =
67,02367,023

N = 641N = 641 N =N =
32,76832,768

—

††

§§ 

¶¶ 

 

 

 

 

 

 

 

 

 

 

§§

†

AR-04127

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 82 of 275   PageID 4668Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 82 of 275   PageID 4668



10/16/21, 11:44 AM Update: Characteristics of Health Care Personnel with COVID-19 — United States, February 12–July 16, 2020 | MMWR

https://www.cdc.gov/mmwr/volumes/69/wr/mm6938a3.htm?s_cid=mm6938a3_w 5/8

Characteristic*Characteristic*

No. (%)No. (%)
Case fatality ratio,Case fatality ratio,
no./total no.no./total no.TotaTotal AliveAlive DeceasedDeceased UnknownUnknown

16–44 57,742
(57)

39,018
(58)

57 (9) 18,667
(57)

0.15 (57/39,075)

45–54 20,981
(21)

13,836
(21)

99 (15) 7,046
(22)

0.71 (99/13,935)

55–64 17,052
(17)

11,264
(17)

205 (32) 5,583
(17)

1.79 (205/11,469)

≥65 4,657 (5) 2,905 (4) 280 (44) 1,472 (4) 8.79 (280/3,185)

SexSex N =N =
99,74199,741

N =N =
66,79666,796

N = 639N = 639 N =N =
32,30632,306

—

Female 78,328
(79)

52,366
(78)

395 (62) 25,567
(79)

0.75 (395/52,761)

Male 21,413
(21)

14,430
(22)

244 (38) 6,739
(21)

1.66 (244/14,674)

Race/EthnicityRace/Ethnicity N =N =
69,67869,678

N =N =
45,10445,104

N = 552N = 552 N =N =
24,02224,022

—

American Indian/Alaska Native, non-Hispanic 253 (0) 186 (0) 0 (0) 67 (0) —

Asian, non-Hispanic 6,010 (9) 4,083 (9) 111 (20) 1,816 (8) 2.65 (111/4,194)

Black, non-Hispanic 18,117
(26)

11,172
(25)

177 (32) 6,768
(28)

1.56 (177/11,349)

Hispanic/Latino 8,030 (12) 4,262 (9) 49 (9) 3,719
(15)

1.14 (49/4,311)

Multiple/Other, non-Hispanic 4,195 (6) 2,662 (6) 13 (2) 1,520 (6) 0.49 (13/2,675)

Native Hawaiian/Other Paci c Islander, non-
Hispanic

422 (1) 314 (1) 4 (1) 104 (0) 1.26 (4/318)

White, non-Hispanic 32,651
(47)

22,425
(50)

198 (36) 10,028
(42)

0.88 (198/22,623)

Underlying medical conditions**Underlying medical conditions** N =N =
40,58240,582

N =N =
26,86826,868

N = 378N = 378 N =N =
13,33613,336

—

Any underlying medical condition 17,838
(44)

11,012
(41)

348 (92) 6,478
(49)

3.06 (348/11,360)

Any chronic lung disease 6,422 (16) 4,064
(15)

89 (24) 2,269
(17)

2.14 (89/4,153)

Any cardiovascular disease 7,348 (18) 4,331
(16)

229 (61) 2,788
(21)

5.02 (229/4,560)

Diabetes mellitus 5,466 (13) 3,314
(12)

198 (52) 1,954
(15)

5.64 (198/3,512)

Immunosuppressing condition 1,504 (4) 1,070 (4) 24 (6) 410 (3) 2.19 (24/1,094)
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Characteristic*Characteristic*

No. (%)No. (%)
Case fatality ratio,Case fatality ratio,
no./total no.no./total no.TotaTotal AliveAlive DeceasedDeceased UnknownUnknown

Severe obesity 1,101 (3) 453 (2) 27 (7) 621 (5) 5.63 (27/480)

Chronic renal disease 503 (1) 279 (1) 45 (12) 179 (1) 13.89 (45/324)

Neurologic/Neurodevelopmental disability 528 (1) 333 (1) 34 (9) 161 (1) 9.26 (34/367)

Chronic liver disease 242 (1) 148 (1) 10 (3) 84 (1) 6.33 (10/158)

Autoimmune condition 479 (1) 262 (1) 3 (1) 214 (2) 1.13 (3/265)

Psychologic/psychiatric condition 353 (1) 191 (1) 4 (1) 158 (1) 2.05 (4/195)

Admission to hospitalAdmission to hospital N =N =
83,20283,202

N =N =
55,41555,415

N = 591N = 591 N =N =
27,19627,196

—

Yes 6,832 (8) 4,207 (8) 518 (88) 2,107 (8) 10.96 (518/4,725)

Admission to ICUAdmission to ICU N =N =
33,69433,694

N =N =
22,54522,545

N = 377N = 377 N =N =
10,77210,772

—

Yes 1,684 (5) 662 (3) 295 (78) 727 (7) 30.83 (295/957)

Abbreviation:Abbreviation: COVID-19 = coronavirus disease 2019.
* Variable completeness varied by case characteristic: age (>99%), sex (99%), race and ethnicity (69%), hospitalization status (83%),
ICU admission status (34%); characteristic-speci c sample size for cases with available information are presented for each grouping.
N = number with available information.
 Death outcomes were known for 67,746 (67%) HCP cases; of these, 91 additional new fatal cases were included based on data from
the supplementary mortality project (89 newly identi ed as HCP and two newly identi ed deaths among known HCP). Additional
available data for these 91 cases were incorporated if missing in the national case surveillance data.
 Deaths per 100 HCP cases with known death status.
 Cases reported as Hispanic were categorized as “Hispanic or Latino persons of any race” regardless of availability of race data.

** Underlying medical condition status was classi ed as “known” if any of these 10 conditions, speci ed on the standard case report
form, were reported as present or absent: diabetes mellitus, cardiovascular disease (includes hypertension), severe obesity (body
mass index ≥40 kg/m ), chronic renal disease, chronic liver disease, chronic lung disease, immunosuppressing condition,
autoimmune condition, neurologic condition (including neurodevelopmental, intellectual, physical, visual, or health impairment), or
psychologic/psychiatric condition. Status for these conditions was “known” for 40,582 persons. Responses include data from
standardized elds supplemented with data from the free text eld for “other chronic disease/underlying condition” for the 10
speci c medical conditions, if not originally speci ed.

Top

TABLE 2. Occupation type and job setting of healthTABLE 2. Occupation type and job setting of health
care personnel (HCP) with COVID-19 — sixcare personnel (HCP) with COVID-19 — six
jurisdictions,* February 12–July 16, 2020jurisdictions,* February 12–July 16, 2020

Characteristic (no. with available information)Characteristic (no. with available information) No. (%)No. (%)

Occupation type (5,913)Occupation type (5,913)

Health care support worker 1,895 (32.1)

Nurse** 1,742 (29.5)

Administrative sta  member 581 (9.8)

Environmental services worker 330 (5.6)
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Characteristic (no. with available information)Characteristic (no. with available information) No. (%)No. (%)

Physician 190 (3.2)

Medical technician 135 (2.3)

Behavioral health worker 128 (2.2)

First responder 113 (1.9)

Dietary services worker 113 (1.9)

Dental worker 98 (1.7)

Laboratorian 68 (1.2)

Occupational, physical, or speech therapist 65 (1.1)

Pharmacy worker 62 (1.1)

Respiratory therapist 44 (0.7)

Phlebotomist 25 (0.4)

Physician assistant 13 (0.2)

Other 311 (5.3)

Job setting (6,955)Job setting (6,955)

Nursing and residential care facility 4,649 (66.8)

Hospital 1,231 (17.7)

Ambulatory health care service 804 (11.6)

Other 271 (3.9)

Abbreviation:Abbreviation: COVID-19 = coronavirus disease 2019.
* Alaska, Kansas, Michigan, Minnesota, North Carolina, and Utah.
 Occupation type data are included for ve jurisdictions (Alaska, Kansas, Minnesota, North Carolina, and Utah) that reported
occupation type for at least ve HCP COVID-19 cases; occupation type data were known for 59% (5,913 of 9,984) of HCP cases in
those jurisdictions. Job setting data are included for ve jurisdictions (Alaska, Kansas, Michigan, Minnesota, and Utah) that reported
job setting for at least ve HCP COVID-19 cases; job setting data were known for 41% (6,955 of 17,052) of HCP cases in those
jurisdictions.
 Occupation type and job setting categories were determined either by inclusion on the CDC case report form or by manual review

and categorization of free-text entries within “other, specify” elds. Free-text data were used to supplement existing categories for
occupation (nurse, environmental services worker, physician, respiratory therapist) and setting (long-term care facility [including
nursing home/assisted living facility], hospital, rehabilitation facility) and create new categories.
 Includes nursing assistant (1,444), medical assistant (123), and other care provider or aide (328); free-text elds were used to create

new categories.
**Includes data from standardized elds (1,724) supplemented with data from free-text elds (18); types of nurses or nursing
specialties are not speci ed.
 Includes long-term care facility (including nursing home/assisted living facility) (4,424), rehabilitation facility (131), and group home

(94).
 Michigan provides job setting data only for cases identi ed from long-term care facilities (2,800).
 Includes outpatient care center (422), home health care service (317), and dental facility (65); free-text elds were used to create

new categories.
Top
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VA expands mandate for COVID-19 vaccines among VHA employees

Aug. 12, 2021, 09:15:00 AM

Printable Version (./includes/viewPDF.cfm?id=5703) 
Need Viewer Software? (http://www.va.gov/viewer.htm)

VA expands mandate for COVID-19 vaccines among VHA employees

WASHINGTON — Department of Veterans Affairs Secretary Denis McDonough will expand his previous COVID-19
vaccine mandate Friday, Aug. 13, to apply to most Veterans Health Administration employees and volunteers and
contractors who work in VHA facilities, visit VHA facilities or otherwise come into contact with VA patients and
healthcare workers as part of their duties.

Under the expanded mandate, employees who will need to be vaccinated include Hybrid Title 38 and Title 5 VA health
care personnel — such as psychologists, pharmacists, social workers, nursing assistants, physical therapists,
respiratory therapists, peer specialists, medical support assistants, engineers, housekeepers and other clinical,
administrative and infrastructure support employees who come into contact with VA patients and healthcare workers.  

“We’re now including most VHA employees and volunteers and contractors in the vaccine mandate because it remains
the best way to keep Veterans safe, especially as the Delta variant spreads across the country,” Secretary McDonough
said. “This pandemic is not over and VA must do everything in our power to protect Veterans from COVID-19. With this
expanded mandate, we can once again make — and keep — that fundamental promise.”

The department’s decision is supported by numerous medical organizations, including the American Hospital
Association (https://www.aha.org/public-comments/2021-07-21-aha-policy-statement-mandatory-covid-19-vaccination-
health-care), America’s Essential Hospitals (https://essentialhospitals.org/general/americas-essential-hospitals-urges-
members-require-employee-vaccination/) and a Multisociety group of the leading Infectious Disease Societies.
(https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/multisociety-statement-on-
covid19-vaccination-as-a-condition-of-employment-for-healthcare-
personnel/690D1804B72FFF89C5FC0AED0043AD62) The American Medical Association, American Nurses
Association, American College of Physicians, American Academy of Pediatrics, Association of American Medical
Colleges, and National Association for Home Care and Hospice also endorsed mandating COVID-19 vaccination for
health care workers (https://www.hematology.org/newsroom/press-releases/2021/joint-statement-in-support-of-covid-19-
vaccine-mandates-for-all-workers-in-health).

As with the previous mandate, directive affected employees will have eight weeks to provide proof of vaccination to their
local VHA Occupational Health Office.

VA (http://www.va.gov/) » Office of Public and Intergovernmental Affairs (/opa/index.asp) » News Releases (/opa/pressrel/index.cfm)

Office of Public and Intergovernmental Affairs
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All VA employees are eligible to be vaccinated at no personal expense at any of our facilities (https://www.va.gov/find-
locations/?facilityType=health&serviceType=Covid19Vaccine) and would also receive four hours of paid administrative
leave after demonstrating they have been vaccinated.

To learn more about the vaccine, its safety and effectiveness visit the VA COVID-19 information page
(https://www.va.gov/initiatives/have-questions-before-you-get-your-covid-19-vaccine/).

###

Disclaimer of Hyperlinks

The appearance of external hyperlinks does not constitute endorsement by the Department of Veterans Affairs of the
linked web sites, or the information, products or services contained therein. For other than authorized VA activities, the
Department does not exercise any editorial control over the information you may find at these locations. All links are
provided with the intent of meeting the mission of the Department and the VA website. Please let us know about existing
external links which you believe are inappropriate and about specific additional external links which you believe ought to
be included by emailing newmedia@va.gov (mailto:newmedia@va.gov).

People wishing to receive e-mail from VA with the latest news releases and updated fact sheets can subscribe to the 
VA Office of Public Affairs Distribution List (/opa/pressrel/opa_listserv.asp).
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Vaccines & Immunizations

Vaccinating Dialysis Patients and Healthcare Personnel

Take action to protect patients at high-risk in your jurisdiction
COVID-19 vaccines are e ective at protecting people from getting sick. By allocating vaccines for outpatient dialysis patients
and the healthcare personnel who care for them in your jurisdiction, you can protect patients who are at high risk,
disproportionately a ected by COVID-19, or might su er severe consequences if infected.

How can jurisdictions support COVID-19 vaccination e orts for
dialysis patients and healthcare personnel?

Make sure you are aware of the dialysis clinics located in your jurisdiction.

Reach out to dialysis clinics where you do not have an established contact. Some of your local dialysis centers might be
operated by corporate chains. For these centers, jurisdictions can opt to coordinate with national or regional corporate
leaders to reach their respective clinic sites.

Work collaboratively with dialysis clinics to understand their needs, priorities, and barriers to vaccination among patients
and healthcare personnel.

Make sure each dialysis clinic in your jurisdiction is enrolled as a COVID-19 vaccination provider.

Work with dialysis clinic leaders to establish the number of doses needed to vaccinate patients and healthcare personnel
and determine a timeline for allocating these doses.

Why is it important to vaccinate dialysis patients?
The median age of patients on dialysis is 62 years. Due to age and health status, dialysis patients are at high risk for
serious illness and death related to COVID-19; people on dialysis who get COVID-19 have a 50% hospitalization rate and
a 20%–30% mortality rate.

Vaccinating this population addresses a health equity issue. Chronic kidney disease disproportionately a ects racial and
ethnic minorities; 34% of patients on dialysis are Black and 19% are Hispanic. Many dialysis clinics deliver care to patients
in communities that have been hit hardest by this pandemic.

Dialysis is a lifesaving, essential treatment that must be done 3 times per week for most patients. Because these services
are nonelective and cannot be delayed dialysis clinics serve patients whether they have COVID-19 or not This creates a

 Federal Vaccine Allocation
Get more information about a federal partnership with dialysis organizations.
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are nonelective and cannot be delayed, dialysis clinics serve patients whether they have COVID-19 or not. This creates a

high-risk environment for other dialysis patients and healthcare personnel and underscores the importance of
vaccination to protect everyone in these clinics.

Why vaccinate patients while they are at the dialysis clinic?
Dialysis patients can be easily reached for COVID-19 vaccination at dialysis clinics, which have extensive operational,
logistical, and IT infrastructure to serve as capable vaccine providers.

Many dialysis patients are accustomed to receiving routine vaccinations at the dialysis clinic. By o ering COVID-19
vaccines in a setting where patients are comfortable with trusted and trained vaccinators, it might be possible to
increase vaccination rates for this high-risk population and ensure patients receive a complete vaccination series.

Patients on dialysis are often medically frail, and it might be challenging and impractical for them to seek out venues
separate from the dialysis clinic to receive COVID-19 vaccines.

Currently, dialysis providers are reporting low COVID-19 vaccination coverage among their patients because of
challenges with getting vaccines.

Why is it important to vaccinate dialysis healthcare personnel?
Dialysis healthcare personnel are considered a priority population for vaccination by the Advisory Committee on
Immunization Practices (ACIP).

Dialysis providers are currently reporting low COVID-19 vaccination coverage among their healthcare personnel because
of challenges with obtaining vaccines.

Healthcare personnel working at outpatient dialysis clinics might have di culty accessing vaccine because most dialysis
clinics are not a liated with hospitals. The convenience of having vaccine o ered at their workplace might improve
vaccination coverage.

Dialysis healthcare personnel might have high-risk, work-related exposures to SARS-CoV-2, the virus that causes COVID-
19, because their work involves being in close proximity (<6 feet) to their patients for extended periods of time.

Ensuring healthcare personnel have access to COVID-19 vaccination is critical to protect both them and their medically
fragile patients.
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Vaccinating Health Care Workers Against Influenza: The Ethical
and Legal Rationale for a Mandate

Despite improvements in

clinician education, symp-

tomawareness, and respira-

tory precautions, influenza

vaccination rates for health

care workers have remained

unacceptably low for more

than threedecades, adversely

affectingpatient safety.

When public health is jeo-

pardized, and a safe, low-

cost, and effectivemethod to

achieve patient safety exists,

health care organizations

andpublic health authorities

have a responsibility to take

action and change the status

quo. Mandatory influenza

vaccination for health care

workers is supported not

only by scientific data but

also by ethical principles and

legal precedent.

The recent influenza pan-

demic provides an oppor-

tunity for policymakers to

reconsider the benefits of

mandating influenza vac-

cination for health care

workers, including build-

ing public trust, enhancing

patient safety, and strength-

ening the health care work-

force. (Am J Public Health.

2011;101:212–216. doi:10.

2105/AJPH.2009.190751)

Abigale L. Ottenberg, MA, Joel T. Wu, JD, MA, MPH, Gregory A. Poland, MD, Robert M. Jacobson, MD,
Barbara A. Koenig, PhD, and Jon C. Tilburt, MD, MPH

ON AUGUST 13, 2009, THE

state of New York issued a sea-
sonal and pandemic influenza
vaccination mandate for health
care workers.1 The mandate re-
quired health care organizations
to vaccinate personnel who had
direct contact with patients.2 The
instructions were clear: influenza
vaccination must be established
annually as a precondition of em-
ployment (personnel with medical
contraindications were considered
exempt).2 In response, several
groups filed suit against New York
State, claiming that the mandate
deprived them of liberty without
due process and violated their
right to free exercise of religion,
rights guaranteed by the Four-
teenth and First Amendments.3,4

In the end, unanticipated vaccine
shortages in October 2009 caused
Governor David Paterson to halt
the mandate, temporarily relieving
health care workers of the influ-
enza vaccination requirement.5

New York State plans to reinstate
the mandate for the 2010 to 2011
influenza season. Notwithstanding
these legal challenges, over-
whelming scientific, ethical, and
legal justifications support man-
dating health care worker vacci-
nation.

SCIENTIFIC EVIDENCE
SUPPORTING VACCINE
EFFICACY

The annual morbidity and
mortality caused by influenza is
a serious public health issue. Each
year in the United States, seasonal
influenza causes on average more

than 200000 hospitalizations and
36000 deaths.6 Influenza is the
sixth leading cause of death among
US adults and is related to 1 in 20
deaths in persons older than 65
years.7,8

On June 11, 2009, the World
Health Organization officially rec-
ognized the influenza A (H1N1)
virus pandemic, and on October
24, 2009, President Obama de-
clared a national public health
emergency.9,10 Recent Centers for
Disease Control and Prevention
(CDC) estimates indicate that
H1N1 has resulted in an estimated
42 to 86 million cases and 8520
to 17620 deaths.11 Note that the
CDC has recommended vaccina-
tion of health care workers against
influenza since 1981.

Health care organizations have
enacted a variety of vaccination
policies and interventions to guard
against the known hazards of
nosocomial influenza transmis-
sion, including longer patient
stays, absenteeism, interruptions
in health care delivery, and inpa-
tient death.12–20 Two randomized
controlled studies evaluating the
effect of health care worker vac-
cination on nursing home resi-
dents found that health care
worker influenza vaccination was
associated with a 44% decrease in
resident mortality.17 Furthermore,
an algorithm evaluating the effect
of health care worker influenza
vaccination on patient outcomes
predicted that if all health care
workers in a facility were vacci-
nated, then approximately 60% of
patient influenza infections could
be prevented.16

In the United States, profes-
sional infectious disease societies
(Infectious Diseases Society of
America and National Foundation
for Infectious Diseases), profes-
sional infection control associa-
tions (Society for Healthcare Epi-
demiology of America and
Association for Professionals in
Infection Control), and profes-
sional clinician societies (Ameri-
can College of Physicians and
American Academy of Pediatrics)
have all independently called for
requiring influenza vaccination of
health care workers.21,22 Recently,
the National Patient Safety Foun-
dation issued a press release
expressing strong support for
mandatory influenza vaccination,
calling the issue ‘‘a matter of pa-
tient safety.’’23 In recent weeks,
the American Medical Associa-
tion’s (AMA’s) Council on Ethical
and Judicial Affairs in conjunction
with its Council on Science and
Public Health reaffirmed its com-
mitment to this issue. In its report
the AMA concluded, ‘‘physicians
have an obligation to: (a) Accept
immunization absent a recognized
medical, religious, or philosophical
reason to not be immunized,’’
and (b) ‘‘Accept a decision of the
medical staff leadership of health
care institution, or other appro-
priate authority to adjust practice
activities if not immunized.’’ 24

The best available evidence
suggests that even when health
care organizations implement ag-
gressive, labor-intensive voluntary
influenza vaccination programs
for their employees, they are
rarely able to achieve vaccination
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rates higher than 70%.25 By con-
trast, mandatory health care
worker vaccination programs re-
sult in exceptionally high vaccina-
tion rates, as has been seen in
mandates for measles-mumps-ru-
bella, varicella, and hepatitis B
vaccines.7,26 We believe that sim-
ilar results can be achieved by
mandatory health care worker in-
fluenza vaccination programs. In
fact, a recent mandatory health
care worker influenza vaccination
program implemented at the Na-
tional Institutes of Health Clinical
Center achieved 100% participa-
tion (either successful vaccination
or justified refusal).27 Existing
mandatory influenza vaccination
programs that include exemption
provisions sustain very high rates
of vaccination—on average, 95% to
99%.28,29 One survey conducted
with inpatient nurses found that
vaccination (and if necessary,
mandatory vaccination) was the
most popular strategy. Of nurses
surveyed, 83% (513) cited vacci-
nation as the preferred method of
prevention against influenza, and
59% (512) indicated they would
support a policy requiring annual
influenza vaccination of health care
workers with declination.30 Fur-
thermore, emerging data, avail-
able scientific evidence from ob-
servational research, and basic
principles of infectious disease
support the concept that vacci-
nating health care workers
against influenza protects patients
and promotes public health.31–33

Various approaches to manda-
tory vaccination of health care
workers have been successfully
used throughout the United States.
Currently, 15 states mandate
health care worker vaccination for
at least one disease, and of those,
eight allow for an exemption.34,35

Multiple health care organizations
have mandated health care
worker vaccination against influenza,

including Barnes-Jewish Hospital,
Virginia Mason Medical Center,
Johns Hopkins HealthCare, Uni-
versity of Iowa Hospitals,
and Nashville-based Hospital
Corporation of America.23,36,37 A
comprehensive list of organiza-
tions that have employed man-
dates in health care settings is
available at http://www.immunize.
org. These organizations’ experi-
ences with the benefits of manda-
tory vaccination of health care
workers against influenza comple-
ment ethical and legal principles
that also justify such policies.

ETHICAL RATIONALE FOR
HEALTH CARE WORKER
VACCINATION

We have elaborated elsewhere
the ethical arguments underlying
mandatory vaccination.38 Health
care institutions should enforce
vaccination for two primary rea-
sons: (1) in support of the profes-
sional obligations of health care
workers to benefit individual pa-
tients and to do no harm and (2) to
meet the shared obligations of
health care institutions and profes-
sionals to protect the public health
in the face of preventable infectious
disease. The important questions
are as follows: ‘‘What are the re-
sponsibilities of health care
workers to their patients?’’ and ‘‘Is it
fair for patients and the public to
expect health care workers to be
vaccinated against influenza?’’

As professionals in occupations
that are freely chosen, clinicians
are granted special privileges and
powers by society; as a result,
health care workers assume spe-
cial obligations and responsibili-
ties. Health care professionals
have obligations to do no harm, to
do good, to respect patient auton-
omy, and to treat all patients
fairly.39,40 Health care workers
should be vaccinated because

doing so prevents harm by reduc-
ing the transmission of prevent-
able diseases in the context of
clinical care.26,33 Health care
worker vaccination against influ-
enza is also consistent with a col-
lective professional obligation to
treat all patients fairly and to take
basic precautions against prevent-
able harms. Similar justifications
have been offered by other bio-
ethics analysts. Wynia concluded,
‘‘Given . . . our professional obliga-
tion to do no harm, flu vaccination
should be mandatory for health
care workers.’’41 Caplan agreed,
‘‘It’s time to . . . make getting a flu
shot a part of the responsibility of
being a healer.’’42 The obligations
of health care workers to be vacci-
nated are greater than those of the
general population, and manda-
tory vaccination helps them meet
those obligations.

Public health ethics focuses on
interests of the community and the
maintenance of an environment
that supports and promotes good
health.43 From this perspective,
health care workers should be
vaccinated because doing so sig-
nificantly promotes conditions
necessary for maintaining a
healthy community. Higher health
care worker immunization rates
reduce the spread of influenza and
help maintain a sustainable and
effective health care workforce.

Laws and regulations that re-
strict individual liberties are fre-
quently needed to ensure com-
munity health and safety. Even
staunch libertarians acknowledge
this need. In his classic 1859 trea-
tise, On Liberty, John Stuart Mill
writes, ‘‘the only purpose for
which power can be rightfully
exercised over any member of
a civilized community, against
his will, is to prevent harm to
others.’’44 Communities, therefore,
routinely and justifiably promul-
gate laws to create a safe place to

live (e.g., traffic laws and sanitation
policies). In our view, laws or
regulations mandating influenza
vaccination of health care workers
are similarly legitimate and nec-
essary exercises of state power.

LEGAL FOUNDATIONS FOR
HEALTH CARE WORKER
VACCINE MANDATE

Mandatory influenza vaccina-
tion of health care workers fits
within the framework of constitu-
tional powers that the government
possesses to promote the public’s
welfare. Government has both the
responsibility and the power to
restrict individual activities that
threaten liberties of others and the
common good. Under the US
Constitution, the power to restrict
individual liberties for public
health purposes is primarily re-
served for individual states
through police power. The police
power of the state is ‘‘the inherent
authority of the state to enact laws
and promulgate regulations to
protect, preserve and promote the
health, safety, morals, and general
welfare of the people.’’45 For the
purposes of public health, the fed-
eral government’s authority is gen-
erally limited to regulating interstate
commerce, taxing, and spending.

STATE POWER
JUSTIFICATION

Laws and regulations that re-
strict individual liberties are rou-
tinely enacted to protect and pro-
mote public health and welfare.
These laws and regulations per-
vade our society, including sanita-
tion laws, traffic laws, occupational
health and safety laws, and envi-
ronmental regulation. Historically,
the judiciary has affirmed man-
datory vaccination as a proper
exercise of state police power. In
Jacobson v Massachusetts (197 US
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11, 25 SCt 358, 49 L. Ed. 643
[1905]), the US Supreme Court
articulated a series of standards in
affirming a Massachusetts law re-
quiring smallpox vaccination:
public health necessity, reasonable
means, proportionality, and harm
avoidance.45 In Wong Wai v
Williamson, et al. (103 F1, 3 [CCD
1900]), the US Supreme Court
had previously established a fair-
ness standard in response to ra-
cially discriminatory vaccination
practices in California.45

Although the principles articu-
lated in the cases of Jacobson and
Wong Wai continue to inform
analysis of public health actions,
the standards for the constitution-
ality of state action have evolved
significantly since 1905. Today,
the US Supreme Court evaluates
the constitutionality of laws bur-
dening individual liberties by ap-
plying a hierarchy of rights and
corresponding standards of re-
view. Public health regulation
usually involves liberties that trig-
ger rational basis review, the lowest
standard. The rational basis stan-
dard requires that state action must
be justified by a legitimate state
interest and that the action be ra-
tionally related to the state’s interest.

Therefore, to be constitutional,
mandatory health care worker
immunization laws first must show
a legitimate state interest. The
state’s interest is clear: reducing
morbidity and mortality resulting
from nosocomial spread of influ-
enza and maintenance of a viable
health care workforce. Second,
states must show that mandating
influenza vaccination is rationally
related to reducing the influenza
burden. Courts do not require
large-scale, randomized trials to
support constitutionality of state
action; rather, to meet the rational
basis standard, a state must es-
tablish only a plausible scientific
relation between the proposed

action and the state’s interest.
Considerable scientific evidence
supports the conclusion that vac-
cination reduces both the trans-
mission and the incidence of in-
fluenza.17,18,46,47 As such, we
believe that courts will very likely
find that state laws and regulations
mandating vaccination of health
care workers, like the New York
State statute, are constitutional
exercises of state power.4

FEDERAL POWER
JUSTIFICATION

Article I of the US Constitution
gives Congress the power to tax,
spend, and regulate interstate
commerce. These powers have
been interpreted expansively by
courts, resulting in far-reaching
power to regulate and promote
public health and safety. Thus,
the federal government also holds
broad influence to encourage or
potentially mandate health care
worker influenza vaccination.

The commerce clause enables
the federal government to regulate
virtually any activity that affects
interstate commerce, including el-
ements of the health care industry
that relate to infectious disease
management and containment.
For example, the Public Health
Service Act48 gives authority to
the federal government to make
and enforce rules to prevent the
spread of infectious disease from
other countries into the United
States or from one state to an-
other, including the power to es-
tablish vaccine clinics and to iso-
late and quarantine infectious
individuals.33,49 Under the Public
Health Service Act,48 the US De-
partment of Health and Human
Services has created a National
Vaccine Plan, the National Vac-
cine Advisory Committee, and the
National Vaccine Injury Compen-
sation Program. Through these

mechanisms, the commerce clause
grants significant power to the
federal government to regulate,
encourage, or potentially mandate
the vaccination of health care
workers against influenza and en-
sure fair processes to adjudicate
complaints related to vaccination.

The federal government also
may regulate public health
through the power to spend. The
federal government may require
states to meet federal standards in
public health as a prerequisite to
receiving federal funds. The fed-
eral government exerts influence
on state and local authorities to
comply with federally established
standards through the use of con-
ditional appropriations. Most
states and local authorities comply
because they can rarely afford to
lose federal funding. For example,
extensive federal standards are
attached to receipt of payments
through Medicare and Medicaid.
Although the federal government
may not have clear authority to
mandate directly, the federal gov-
ernment has a broad range of
powers to indirectly induce state,
local, and institutional authorities
to mandate vaccination.

CONCLUSIONS: TIME FOR
CHANGE

The example of the 2009 H1N1
public health emergency compels
health care organizations and pol-
icymakers to rethink current
practices, asking whether mini-
mally effective, expensive, volun-
tary health care worker influenza
vaccination programs are ade-
quate to protect patient safety for
both seasonal and pandemic in-
fluenza. The available evidence
suggests that voluntary vaccina-
tion programs enacted in various
forms over three decades have
failed to achieve acceptable rates
of health care worker influenza

vaccination. Despite decades of
influenza vaccine safety and effi-
cacy data and the known risks to
vulnerable patients, influenza
vaccination coverage among US
health care workers remains near
50%.50 Therefore, vaccination of
health care workers against influ-
enza should be mandated and
enforced not only by health care
organizations but also by states
and, if necessary, by federal
agencies.

In mandating health care
worker vaccination, health care
organizations must ensure that vac-
cination is an informed process—
health care workers should be
clearly told the benefits and risks
associated with influenza vaccina-
tion—and that vaccines are offered
conveniently and free of charge.
Special consideration may need
to be in place for medical, re-
ligious, and perhaps philosophi-
cal exemptions, although no data
are available on how exemp-
tions affect rates of health care
worker vaccination.

The implementation of manda-
tory vaccination also must address
the unfounded fears and miscon-
ceptions about vaccine safety.
Rates of serious adverse events
following vaccination, such as
Guillain-Barré syndrome, are
vanishingly low (no higher than 1
in 1000000).51 These facts must
be clearly conveyed. The National
Vaccine Injury Compensation
Program added influenza to its list
of covered vaccines in 2004 to
address rare instances of adverse
events that can be reasonably
linked to the influenza vaccine.45

In the end, rumors and fears must
not be a barrier to promoting
patient safety and public health;
it is time to move on. Over time,
successful control of seasonal
and pandemic influenza with re-
peated safe vaccine administra-
tion to health care workers will
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allay fears and promote public
trust.

Mandatory health care worker
vaccination programs help health
care workers carry out their pro-
fessional duty to provide care to
all patients without the threat of
undue harm caused by nosoco-
mial influenza transmission and
ensure that the public’s trust in
health care organizations is well
placed. The public has a right to
expect that health care workers
and the institutions in which they
work will take all necessary and
reasonable precautions to keep
them safe and minimize harm.
This lays the burden on health
care organizations and the gov-
ernment to ensure that health care
workers fulfill their obligations.
Low voluntary vaccination rates
leave only one viable option to
protect the public: legally man-
dated health care worker vaccina-
tion against influenza. j
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Vaccination Laws
Vaccine-preventable disease levels are at or near record lows. CDC works closely with public health agencies and private
partners to improve and sustain immunization coverage and to monitor the safety of vaccines. One tool used to maintain low
rates of vaccine preventable disease is vaccination law. State vaccination laws include vaccination requirements for children in
public and private schools and daycare settings, college/university students, and healthcare workers and patients in certain
facilities. State laws also a ect access to vaccination services by determining whether providing vaccinations to patients is
within the scope of practice of certain healthcare professionals. The Public Health Law Program provides selected resources
for public health practitioners and their legal counsel on state vaccination laws.

State Healthcare Worker and Patient Vaccination Laws
Healthcare facilities across the country are increasingly requiring healthcare workers to be vaccinated for certain diseases in
an e ort to reduce outbreaks of vaccine-preventable diseases. In some instances, facilities are establishing these
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the same school vaccination provisions. The Public Health Law Program provides selected resources for public health
practitioners and their legal counsel on state school vaccination laws.
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a  b s t  r  a c t

Pertussis  outbreaks  in hospitals  are  reason for  substantial concern  as  they  do  cause  significant  morbid-

ity  amongst  patients  and physical and emotional  stress and absence  from work amongst affected  staff.

Further,  there  is a substantial financial  burden for  the  concerned institution.  For  these reasons,  health

care  institutions should implement prophylactic measures, i.e.  pertussis immunisation for their staff.

Diphtheria–tetanus–acellular  pertussis  component combination vaccines  with  reduced antigen  content

(“Tdap”)  have  a proven acceptable tolerability  with  reactogenicity  and safety profiles  not  substantially

different  from Td vaccines  without  the  pertussis component. Further,  excellent immunogenicity after a

single  dose with  an estimated duration  of protection for  10  years has  been shown in  adults.

In  high  risk  situations,  e.g. in  pregnant  health care  workers and those in contact with infants  <6 months

of  age, antibiotic prophylaxis should also  be  recommended  to previously  immunised, pertussis exposed

health  care workers.  Local programmes  based on  education, conviction  and common  sense should  be

implemented  for  health  care workers rather than mandatory  pertussis  immunisation.  In addition,  health

care  workers  need to  be informed  and regularly reminded  about the  impact of  exposure  to  pertussis.

© 2013  Elsevier Ltd. All rights  reserved.

1. Introduction

Pertussis is a frequent disease and  it is caused primarily by Bor-

detella pertussis infection; pertussis affects humans at any age [1–3].

Due to variability in clinical presentation, heterogenous diagnostic

approaches and different surveillance systems the true incidence

of pertussis is poorly defined. Prospective clinical studies suggest

that it is probably in the range of 400–1000 cases per  100,000 pop-

ulation per year [4,5]. Depending on national recommendations,

infants should receive 2 (“2 + 1” schedule) or 3 (“3 + 1” schedule)

doses of pertussis containing combination vaccines and coverage

with these is high in most countries. However, vaccine induced

immunity wanes within few  years after the 3rd (“2 + 1”  schedule)

or 4th dose (“3 +  1”  schedule) in  the 2nd  year of life and  again after

the 5th dose (frequently recommended before school entry) [6,7].

The recently observed epidemiological shift towards an increase

of pertussis disease in school-age children, adolescents and adults

[8] is in accordance with waning immunity and has been coun-

teracted with the introduction of further booster doses in  several

countries [2,3]. As  many studies have shown, pertussis may occur

∗ Correspondence to: Division of Infectious Diseases and Vaccines, University Chil-

dren’s Hospital (UKBB), PO Box, 4031 Basel, Switzerland. Tel.: +41 61 7042909; fax:

+41 61 7041213.

E-mail address: Ulrich.Heininger@ukbb.ch

in  hospitals and other health care settings sporadically but may

also be the cause of outbreaks of variable magnitude [9–13]. These

outbreaks are reason for  substantial concern as  they do cause sig-

nificant morbidity amongst patients, physical and emotional stress

and absence from work amongst affected staff, and financial bur-

den for the concerned institution [14,15]. For these reasons, health

care institutions are  well advised to implement prophylactic meas-

ures, i.e. pertussis immunisation for  their staff, to  ensure safety of

patients and  personnel [16,17]. The purpose of  this manuscript is

to reflect the role of health care workers in the occurrence of  per-

tussis in their professional environments and to discuss preventive

measures.

2. Methods

A  PubMED search in order to  identify reports about pertus-

sis outbreaks in hospitals was  performed comprising the years

1980 until May  2013, limited to publications in English and Ger-

man language. The following keywords were used: “pertussis” OR

“Bordetella pertussis” AND “outbreak”. The search was filtered for

Title/Abstract and  revealed 229 references. These were screened

for relevance regarding the topic of this review and those found

most useful for the purpose of this brief review are  listed in

the references. Further, relevant information regarding pertus-

sis immunisation in health care workers was  retrieved from the

0264-410X/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
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author’s literature collection and specific Internet websites (Cen-

ters for Disease Control and  Prevention, USA; Robert Koch-Institute,

Germany; Health Protection Agency, United Kingdom, and others).

3. Results

3.1. The role of health care workers in the transmission of B.

pertussis

It  has long been known that health care workers can acquire

B. pertussis infections within or outside of their professional envi-

ronment and transmit it to their private or professional contacts,

i.e. household members and colleagues or patients, respectively.

Apparently, the risk appears to be highest for transmission from

patients to health care workers in the paediatric setting [18], espe-

cially when pertussis or any other transmissible disease is not

considered in the patient and no isolation precautions are made.

Vice versa, transmission of B.  pertussis from health care workers to

patients is equally if not more troublesome, especially if neonates,

young infants, or other high risk patients are involved [9,11,12,19].

3.2. Impact of pertussis in hospitals

Each single case of pertussis acquired in a health care setting,

whether it affects a patient (nosocomial infection) or a health care

worker, causes suffering and  carries the risk of rapid local spread

[9–13]. Not surprising, pertussis outbreaks in health care settings

are resource intensive and frequently disruptive as  affected health

care workers have to be excluded from work for at least 5 days and

infection control staff will be occupied [13–15]. Further, costly diag-

nostic testing and  prophylactic antibiotics will be required [13,15].

With this background, preventive active pertussis immunisation

for all health care workers not only appears logical from a  medi-

cal and ethical (reducing the risk for  nosocomial infections!) point

of view but also beneficial from an  economic perspective with a

benefit-cost ratio of approximately 2.4 in  one study [15]. It should

be noted, however, that calculations of benefit-cost ratios will vary

between different institutions as benefits in terms of prevention of

pertussis are largely driven by  the base-case incidence of pertussis

in HCW whereas the costs of the vaccine are relatively similar in

most countries.

3.3.  Pertussis vaccination in  health care workers

No monovalent pertussis vaccines are  currently available.

However, two diphtheria–tetanus–acellular pertussis component

combination vaccines with reduced antigen content (“Tdap”) com-

pared to conventional high antigen content vaccines (“DTaP”) for

infants and young children are available in most countries for use

from 4 years of age onwards without an upper age limit (at least

in Europe). These vaccines have proven to be of acceptable tolera-

bility and their safety profiles are  not substantially different from

tetanus–diphtheria toxoid (“Td”) vaccines without the pertussis

component and excellent immunogenicity [20–22]. Detailed char-

acteristics of these vaccines have been published elsewhere [23,24].

The monovalent pertussis component of one of these two vaccines

has been tested in the only pertussis vaccine efficacy trial in  adults

to date and was shown to be 92% efficacious [5]. However, as with

many other vaccines, efficacy under real life conditions apparently

is significantly lower than in efficacy trials and of  limited duration

[25]. In Australian high school students, pertussis vaccine efficacy

was assessed after mass immunisation and found to be 78.0% (95%

CI: 60.7–87.6%) for all reported pertussis cases (n = 167) and 85.4%

(95% CI: 83.0–87.5%) for laboratory-confirmed cases [26]. Simi-

larly, as assessed during a pertussis outbreak amongst US students,

receipt of an adolescent Tdap booster dose had  an effectiveness of

65.6% (95% CI: −35.8% to 91.3%) against confirmed and probable

cases and  70.6% (95% CI: −110.3% to 95.9%) against laboratory con-

firmed cases [27]. Not unexpectedly, attack rates were highest in

higher grade students (6–12) in whom the last vaccine dose (if given

at all) was  longer ago compared to lower grade students (1–5).

In  accordance with respective national recommendations, not

only health care workers themselves should be encouraged be

immunized against pertussis but they should also ensure their

private close contacts (especially household members) receive per-

tussis immunisations in a complete and  timely fashion. This will

provide indirect protection in addition to direct protection (= own

immunisations) and thereby has the potential to reduce the likeli-

hood of acquisition of  B. pertussis and spread within the hospital.

3.4.  Procedures in health care workers after exposure to pertussis

in hospitals

Before the availability of pertussis component vaccines for

adults, antibiotic prophylaxis was  the only effective option for

health care workers when exposed to pertussis in their private or

professional environments. Exposure may  be defined as  close con-

tact with someone with pertussis (index case) between onset of

symptoms (catarrhal stage of pertussis) and the first 21  days of

disease (considered the period of contagiousness) or until 5  days

of effective antibiotic treatment in  the index case [28], whatever

comes first.

No  vaccine is 100% efficacious and in the case of  pertussis

the most optimistic estimate is 92% [5]. Therefore, the question

whether Tdap immunised health care workers should still  receive

additional antibiotic post-exposure prophylaxis is  a  valid one and

controversial at the same time. There is only one published study

which attempted to answer the question. In this study from the

USA, 86 Tdap immunised health care workers were exposed to

pertussis during a 30 month observation period and they were

randomized to either receive antibiotic post-exposure prophylaxis

with daily symptom monitoring for 21 days or symptom monitor-

ing alone [29]. B. pertussis infection (!) occurred in 1 (2.4%) of  42

health care workers with antibiotics compared to  6  (13.6%) of 44

health care workers without antibiotic prophylaxis. Five infections

were based on serological criteria only whereas 2 were diagnosed

by a  positive PCR. However, none of the 7  supposedly infected

health care workers developed cough and the authors themselves

raise doubts about the validity of their findings as asymptomatic

infections do not have the same implications as  pertussis disease

would have.

Therefore, data regarding the optimal procedures in exposed

and previously vaccinated health care workers are  still  inconclusive

and recommendations in different countries vary. Swiss recom-

mendations restrict antibiotic prophylaxis to exposed health care

workers considered to  be “susceptible” [30]. Susceptibility here is

defined as  the lack of microbiological proven B. pertussis infection

and no pertussis vaccination in the previous 10 years. The obvious

advantage of such a liberal recommendation is  the incentive for

immunised HCW to  avoid a course of antibiotics and  other restric-

tions that may  go along with exposure in  unimmunised individuals

(e.g., exclusion from work) and this advantage may  influence the

willingness of health care workers to get immunised against pertus-

sis before concrete exposure. It must be emphasized, however, that

such a  strategy must be accompanied by explicit education of these

“non-susceptible”, exposed individuals to immediately report any

onset of  respiratory symptoms suggestive of pertussis (rhinitis and

or cough) during the potential incubation period which is up to 21

days after the last contact with the contagious index case. Onset

of symptoms will prompt diagnostic tests (preferentially PCR for

B. pertussis from a nasopharyngeal specimen), antibiotic treatment

(e.g., azithromycin 1  × 500 mg  on day 1, 250 mg once daily on days
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2–5), and exclusion from work until and including day 5  of antibi-

otic treatment or if tests for pertussis come back negative (and the

further clinical course is not suggestive of pertussis). Agreeably, in

high risk situations – pregnant health care workers in  the 3rd tri-

menon, contact to infants <6 months of  age in  the household (where

contact may  be considered to be closer than in  most health care

settings), and individual considerations in the professional envi-

ronment (e.g., intensity of contact to the index patient) – antibiotic

prophylaxis should also be recommended to previously immunised

exposed health care workers.

Similarly  to the Swiss recommendation, the US Advisory

Committee on Immunisation Practices (ACIP) recommends post-

exposure antibiotic prophylaxis “for all HCP [=health care

professionals] who have unprotected exposure to pertussis and are

likely to expose a patient at risk for severe pertussis (e.g., hospital-

ized neonates and pregnant women).” For all other exposed health

care workers the Committee gives the choice of daily monitoring

with or without antibiotic prophylaxis [31]. In the United Kingdom,

health care workers who were in  contact with a case of pertussis

and who have not received a booster dose of pertussis-containing

vaccine  more than 1 week and less than 5  years ago should be

offered chemoprophylaxis and those who have not received a

booster dose of pertussis-containing vaccine less than 5 years ago

should also be offered a dose of pertussis vaccine [32]. There is

some evidence that such a policy of post-exposure prophylaxis by

active immunisation may  have an effect for outbreak control as

the antibody response is brisk with a response rate of 46–80% and

88–94% (depending on vaccine antigen) within 1 and 2  weeks of

immunisation, respectively [33].

In general, health care workers who have been exposed to per-

tussis outside the hospital should report this to their occupational

health officer and be monitored for the development of respiratory

symptoms, in case of which laboratory confirmation of B. pertussis

infection should be attempted and appropriate measures as  out-

lined above be initiated. As  soon as possible after exposure, those

who have not received a  dose of pertussis-containing vaccine in

the preceding 5 years (or 10 years, depending on institutional or

national recommendations) should be considered to receive a dose

of pertussis vaccine on this occasion and still be monitored for the

occurrence of pertussis thereafter. Health care workers should be

informed and regularly reminded about the impact of exposure to

pertussis.

4. Discussion

The prominent role of adults in  the epidemiologic cycle of

B. pertussis infections has been well characterized and conse-

quently several countries have moved towards universal pertussis

immunisation recommendation for adults in  recent years [2–4].

In these countries, specific recommendations for health care

workers may  seem to be superfluous. However, for  example, in

Germany pertussis vaccination (Tdap) for adults in the general

population is recommended on the occasion of the next sched-

uled diphtheria–tetanus (dT) combination vaccine which is to

be administered every 10 years [34]. In contrast, for high risk

individuals such as health care workers, Tdap is recommended

after a minimal interval of 4 weeks after the last dose of a

tetanus toxoid containing vaccine. This means that implementa-

tion of pertussis immunisation in the general adult population

in Germany is spread over a period of 10 years whereas the

great majority of individuals at increased risk for pertussis, such

as health care workers, should be immunised immediately and

only those few who just had  a  tetanus (or tetanus–diphtheria)

vaccine for whatever reason should observe the 4 week inter-

val. Of note, this recommended interval of 4 weeks between

last  Td and Tdap is more or less arbitrary as there is no

evidence that 2  injections of tetanus or diphtheria toxoid con-

taining vaccines within a short period of time would lead to  an

increased risk for local or any other reactions [20]. Consequently,

Tdap is recommended in  US health care workers regardless of  inter-

val of  the last Td containing vaccine [31].

Given the impact of  the occurrence of pertussis within hospi-

tals, it is  a  smart and rewarding goal for any health care institution

to plan ahead and implement pertussis immunisation for their staff

(primarily, but not necessarily restricted to those in regular contact

with patients) as the most effective and practical measure to  pre-

vent circulation of B. pertussis in  their facilities and thereby reduce

the likelihood for pertussis outbreaks [16,17].

In a  recent review on vaccination policies in  health care work-

ers by  Maltezou and colleagues, only 9 (Austria, Belgium, Finland,

France, Germany, Luxembourg, Norway, The Netherlands, and  the

United Kingdom) of 30 European countries including all 27 Euro-

pean Union member states at that time were found to have a

national policy for pertussis immunisation for all or specifically

defined health care personnel [16]. In the meantime, Greece,

Poland, Spain and Switzerland have joined these nations with such

recommendations and others are  hoped to follow in the next few

years.

Mandatory immunisation for health care workers has been

introduced in  some countries, mainly due to low compliance

with recommended influenza vaccine, and this rigorous measure

generally had immediate positive effects on coverage [35]. With

regards to mandatory pertussis immunisation, experience is sparse,

although the argument could be made that health care workers are

a frequent source of transmission of B. pertussis [9–11]. Prospective

studies would be required to assess the actual incidence of noso-

comial pertussis in various health care settings and  the proportion

of patients infected by  HCW, but the complexity of such studies is

considerable.

Further, similar to influenza, acceptance of pertussis vaccine

among health care workers is suboptimal. For example, Tdap vac-

cination coverage among health care workers in the US was 17.0%

in 2009 compared to  6.6% in the total adult US population [36].

In  most countries, however, besides ethical issues employers

would face legal difficulties with the introduction of mandatory

immunisation programmes. Therefore, local programmes based on

education, conviction and common sense rather than mandatory

pertussis immunisation should be the way  to go in my view.

It  is currently unknown, if and  how frequently pertussis

immunisation should be repeated in adults after a single vac-

cine dose. From antibody kinetic studies, a  booster interval of

10 years appears to be appropriate [37,38] but clinical dura-

tion of  protection may  be significantly shorter [25]. Further

long-term observational studies on the duration of  protection

after a  single dose of  pertussis immunization in adults will be

needed.

5. Conclusions

As  neither pertussis vaccines nor antibiotic prophylaxis are

100% effective, the highest possible compliance with prophylac-

tic pertussis immunisation should be attempted in each hospital.

In addition, permanent alertness for the occurrence of  cases of

pertussis within the hospital is mandatory to react timely and

appropriately with the ultimate goal to limit spread of  B. pertus-

sis. With these measures, the risk for the occurrence of pertussis

outbreaks which are endangering safety, are  disruptive, and labour

intensive can be reduced. Although far from perfect, currently avail-

able acellular pertussis vaccines are a  cornerstone of health care

workers’ safety and also of patient safety by reducing their risk of
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exposure by HCW. Further studies to evaluate the effectiveness of

pertussis immunization in  HCW are  welcome.
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SYNOPSIS

Health care workers (HCWs) may transmit respiratory 
infection to patients. We assessed evidence for the 
effectiveness of vaccinating HCWs to provide indirect 
protection for patients at risk for severe or complicated 
disease after acute respiratory infection. We searched 
electronic health care databases and sources of gray 
literature by using a predefi ned strategy. Risk for bias 
was assessed by using validated tools, and results were 
synthesized by using a narrative approach. Seventeen of 
the 12,352 identifi ed citations met the full inclusion criteria, 
and 3 additional articles were identifi ed from reference or 
citation tracking. All considered infl uenza vaccination of 
HCWs, and most were conducted in long-term residential 
care settings. Consistency in the direction of effect was 
observed across several different outcome measures, 
suggesting a likely protective effect for patients in residential 
care settings. However, evidence was insuffi cient for us to 
confi dently extrapolate this to other at-risk patient groups.

Respiratory disease is a leading cause of deaths 
worldwide, and in  uenza and pneumococcal infections 

are major contributors. Certain groups, such as persons >65 
years of age or with chronic underlying health problems (1) 
are particularly vulnerable to severe respiratory disease and 
have poorer outcomes after infection than does the general 
population. These persons are likely to be frequent users 
of health care facilities, and outbreaks have been described 
in a range of high-risk environments, including acute care 
(2,3), pulmonary (4), and infectious diseases wards (5); 
organ transplant departments (6); children’s wards (7,8); 
neonatal intensive care units (9); and nursing homes 
(10,11). Severe respiratory infections often occur despite 
high vaccine coverage rates among patients, suggesting 
that seroconversion is suboptimal (10). Although the origin 
of infection often is dif  cult to establish, evidence from 
some outbreaks (5,7,10–14) suggests that transmission 
from HCWs to patients is likely.

 It is estimated from previous in  uenza seasons that 
20% of HCWs have evidence of infection (15), although 

not necessarily acquired in the workplace. Young healthy 
adults often have asymptomatic infection, and 28%–59% 
might experience subclinical infection (15). Many persons 
with mild or subclinical illness continue to work while 
infectious, and even when illness is recognized, virus might 
be shed before symptom onset. In a randomized controlled 
trial among health care professionals, Wilde et al. 
demonstrated that in  uenza vaccine was 88% ef  cacious 
for reducing serologically con  rmed in  uenza A infection 
and 89% ef  cacious for reducing serologically con  rmed 
in  uenza B infection (16). Therefore, vaccination of 
HCWs has been widely recommended to provide direct 
protection for themselves and indirect protection for their 
patients (1,17).

Despite efforts to encourage in  uenza vaccination 
of HCWs, coverage has been historically poor. Recently, 
ethical arguments for mandatory in  uenza vaccination 
have been raised that focus not only on the direct and 
indirect bene  ts to staff and patient health but also on 
the economic consequences. Burls et al. (18) suggested 
that at a cost of £51–£405 (US$85–$675) per life-year 
saved, mandatory vaccination is likely to be cost-effective. 
However, evidence for the effectiveness of vaccinating 
HCWs for protecting vulnerable patients is limited.

Two recent systematic reviews considered the evidence 
for indirect protection of vulnerable patient groups after 
staff in  uenza vaccination (18,19). They suggest that 
vaccination of HCWs might be effective for reducing death 
and in  uenza-like illness (ILI) among elderly residents, but 
we are unaware of comparable data related to other at-risk 
groups. We aimed to identify and assess further evidence 
for the effect of vaccinating HCWs on patient groups most 
vulnerable to severe or complicated respiratory illness.

Methods
The full study protocol is registered with the UK 

National Institute for Health Research International 
Prospective Register of Systematic Reviews (www.crd.york.
ac.uk/PROSPERO [registration no. CRD420111092]). We 
searched several electronic health care databases, sources 
of evidence-based reviews, guidelines, and gray literature 
in accordance with the speci  cations of each database 
(Figure). In addition, we contacted domain experts and 
vaccine manufacturers to identify unpublished data and 
undertook citation and reference tracking for all included 
papers. Thesaurus-indexed and free text terms were de  ned 
for the population, intervention, and outcome parameters; 
peer reviewed; and adapted as necessary for each search 
engine.

Eligibility criteria were de  ned a priori as follows:

Types of study: any experiment, observational study, 
or systematic review reporting on the effectiveness 
of vaccination (including in  uenza or pneumococcal 
vaccines) of HCWs for protecting patients at higher 
risk for severe or complicated respiratory infection.

Types of participants: persons at higher risk for 
severe or complicated illness as a result of acute 
respiratory infection (as de  ned in World Health 
Organization [1] and Advisory Committee on 
Immunization Practices guidance [17]), who have 
received or are receiving care from an HCW.

Types of intervention: in  uenza or pneumococcal 
vaccination of any worker providing medical, 
nursing, social, or personal health care (because no 
uniformly accepted de  nition of an HCW exists, it 
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was de  ned by the peer-reviewed terms speci  ed in 
the search strategy).

Types of outcome measure: cases or consultations, 
death or hospitalization for acute respiratory disease, 
in  uenza, ILI, or pneumococcal disease.

Published and unpublished reports from any year 
that were written in Chinese, English, French, Japanese, 
Portuguese, Russian, or Spanish were considered. A 
3-stage process was used to assess eligibility for inclusion 
screening  rst by title, then abstract, and then full text. 
Two reviewers undertook this in parallel for stages 1 and 2 
and independently for stage 3. Consensus was reached by 
discussion; when reviewers disagreed, a third reviewer was 
consulted for a  nal decision. Where multiple reports were 
identi  ed for the same piece of original research, the most 
recent peer-reviewed source was selected.

Two reviewers independently extracted data from each 
included, by using a prede  ned, piloted template. The risk 
for bias was assessed by using the Cochrane Collaboration 
tool (20) for experimental and prospective cohort studies, 
the Downs and Black tool (21) for other observational 
studies, and the US Agency for Healthcare Research 
and Quality (22) domain and element-based evaluation 
instrument for systematic reviews. Again, consensus was 
reached by discussion, with engagement of a third reviewer 
as necessary. No additional information was sought from 
corresponding authors. Data were synthesized qualitatively 

by using a narrative approach in accordance with the 
framework described by the Economic and Social Research 
Council and recommended by the University of York 
Centre for Reviews and Dissemination (23).

Results

Study Selection
We identi  ed 12,352 citations (Figure): 10,713 from 

health care databases and the remainder from additional 
sources. Seventeen studies met the inclusion criteria 
at the full text stage; 3 others were identi  ed from 
citation or reference tracking. Of these, 14 were primary 
research articles; 4 were cluster randomized controlled 
trials (RCTs), and 10 were observational studies. Four 
of the remaining 6 articles were different versions of a 
report relating to 1 systematic review, and the other 2 
were different versions of a report relating to a second 
systematic review. One of these systematic reviews (18) 
provided a qualitative analysis of 2 of the earliest cluster 
RCTs (24,25), and the other (19) provided a quantitative 
meta-analysis of all 4 cluster RCTs (24–27) and 1 
additional observational study (28). We used the most 
recent and detailed version of each review published in a 
peer-reviewed source in this study.

All of the primary studies considered in  uenza 
vaccination of HCWs (online Appendix Table 1, wwwnc.
cdc.gov/EID/article/18/8/11-1355-TA1.htm); therefore, we 
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Figure. Study selection for a review of the 
vaccination of health care workers to protect 
patients at risk for acute respiratory disease.
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discarded our planned subanalysis relating to pneumococcal 
vaccination. Only 4 studies (24–26,29) de  ned HCW, even 
though this de  nition is likely to affect the probability 
of transmission and therefore the magnitude of observed 
effects. Where reported, vaccination among staff ranged 
from 35% to 70% in the intervention arm and from none 
to 32% in the control arm of experimental studies and 
from 12% to 90% in observational studies. Eleven of the 
primary research studies were conducted in long-term care 
facilities; the remainder were conducted in renal dialysis 
facilities (30), a pediatric hospital (31), and an adult 
oncology hospital (32) (1 study each). Where reported, 
vaccination coverage among patient populations ranged 
from 0% to 90%, and few studies considered additional 
infection control practices, such as hand washing, duration 
of contact, or use of face masks, which vary and again 
in  uence the propensity for transmission.

Risk for Bias

Cochrane Collaboration Tool
Concerns arose largely from the lack of blinding of 

participants or study personnel (Table 1). Although the effect 
was likely to be minimal with regard to the primary outcome 
for all 4 RCTs (all-cause mortality), it might have resulted 
in underestimation or overestimation of additional, more 
subjective, outcome measures, such as incidence of ILI.

All studies, except for that by Lemaitre et al. (26), were 
judged to be at some further risk for bias. This included 

selection bias (inadequate description of selection criteria 
[24,25,33] or sequence allocation [25,28,33]), performance 
bias (lack of detail about allocation concealment [25,26]), 
and measurement bias (no clearly de  ned outcome measure 
[28]).

Downs and Black Tool
The Downs and Black tool (Table 2) considers 5 

assessment domains, but because most observational 
studies identi  ed were primarily descriptive, we excluded 
the power domain in this review. Scores ranged from 3/27 
(34) to 10/27 (29,30,35), with higher scores representing 
lower risk for bias. None of the studies provided suf  cient 
detail about the patient population, and only 1 (29) described 
principal confounders. Other concerns about reporting 
related to lack of detail of study objectives (29,32,34), a 
priori de  nition of outcome measures (32,34–37) or those 
lost to follow up (35), failure to provide suf  cient detail of 
statistical analysis (29,30,34–37), lack of randomization or 
blinding, and failure to adjust outcome measures.

Agency for Healthcare Research and Quality Tool
We assessed the 2 identi  ed systematic reviews 

(18,19) by using the Agency for Healthcare Research and 
Quality tool (22). Both appeared to be at a comparatively 
low risk for bias, providing a clearly de  ned research 
question, search strategy, inclusion and exclusion criteria, 
and description of outcomes. However, details were lacking 
about blinding of reviewers to authorship and measurement 
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Table 1. Risk for bias assessed by using the Cochrane Collaboration tool in a review of the vaccination of health care workers to
protect patients at risk for acute respiratory disease* 

Study 
Sequence
generation 

Allocation
concealment

Blinding of participants, personnel 
and outcome assessors 

Incomplete outcome 
data Selective

outcome
reporting 

Other
sources
of bias 

Primary 
outcome

Secondary 
outcomes

Primary 
outcome

Secondary 
outcomes

Lemaitre et al. (26)
Hayward et al. (27)
Carman et al. (24)
Potter et al. (25)
Saito et al. (33)
Oshitani et al. (28)
*Black shading, low risk of bias; light gray shading, uncertain risk of bias; dark gray shading, high risk of bias; blank cells, no secondary outcome measure 
reported. 

Table 2. Risk for bias by using the Downs and Black tool in a review of the vaccination of health care workers to protect patients at risk 
for acute respiratory disease 

Study 

Type of score (maximum score)* 

Reporting (11) 
External validity 

(3) 
Internal validity, 

bias (7) 
Internal validity, 
confounding (6) Total (27) 

Ando et al. (30) 5 2 2 1 10 
Shugarman et al. (35) 6 0 1 3 10 
Kanaoka et al. (29) 5 1 3 1 10 
Monto et al. (36) 5 0 2 2 9 
Weinstock et al. (32) 4 0 4 1 9 
Stevenson et al. (37) 4 1 2 1 8 
Munford et al. (34) 2 0 0 1 3 
*Maximum score indicates lowest risk of bias for each domain. 
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of agreement in extracting data, which might have resulted 
in measurement bias.

Synthesis of Results

Cases or Consultations for Acute Respiratory 
Disease
One RCT reported data (25) for 2 measures of con-

sultation for respiratory disease; episodes of lower res-
piratory tract infection and suspected viral illness (Table 3). 
In addition, the estimate for lower respiratory tract infection 
was adjusted for clustering by Thomas et al. (19). Both 
measures demonstrated reduced odds, and results were 
signi  cant for suspected viral illness when vaccinated and 
nonvaccinated patients were considered together.

The study by Potter et al. (25) was considered to be at a 
higher risk for bias than the other RCTs identi  ed; thus, the 
strength of evidence for these outcomes is questionable. In 
addition, the measures considered are nonspeci  c, and the 
observed effects cannot necessarily be attributed to reduced 
in  uenza infection. Nasopharyngeal samples were taken 

from a subset of patients within 48 hours after symptoms 
developed; no samples were positive for in  uenza on 
immuno  uorescence assay.

Cases or Consultations for Infl uenza or ILI
Data were reported in 13 studies for 5 outcome 

measures of in  uenza/ILI. Eight primary studies measured 
clinically de  ned in  uenza/ILI (online Appendix Table 2, 
wwwnc.cdc.gov/EID/article/18/8/11-1355-TA2.htm; 
Table 4).

Three RCTs (25–27) measured cases of ILI, and these 
data were pooled by Thomas et al. (19) to demonstrate a 
statistically signi  cant reduction in odds. Two observational 
studies (28,33) also measured cases of clinically de  ned 
ILI, demonstrating statistically signi  cant reductions in 
risk, although the threshold of staff vaccination coverage 
used to categorize facilities in these studies varied (Oshitani 
[28] considering facilities where more or fewer than 10 staff 
were vaccinated, and Saito [33] comparing facilities with 
<40%, 40%–59%, and >60% coverage among staff). A third 
observational study (29) reported no correlation between 
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Table 3. Cases of and consultations for acute respiratory disease in a review of the vaccination of health care workers to protect
patients at risk for acute respiratory disease* 

Outcome measure (study) Study design Method of assessment 
Measure of effect in patient 

population
Effect estimate 

(95% CI) 
Clinically defined episodes 
of viral illness (Potter et al. 
[25])

Cluster RCT Not defined. No. episodes recorded 
by study nurses. 

OR, nonvaccinated and 
vaccinated patients 

0.64 (0.48–0.87) 

OR, vaccinated patients 0.40 (0.26–0.62) 
OR, nonvaccinated patients 0.98 (0.65–1.48) 

Lower respiratory tract infection 
 Potter et al. (25) Cluster RCT Defined as 1) pulmonary crackles, 

wheeze, or tachypnea plus 
temperature >37.0°C or leukocyte 
count >10 × 109/L or 2) a positive 

sputum culture. No. episodes 
recorded by study nurses. 

OR, nonvaccinated and 
vaccinated patients 

0.69 (0.40–1.19) 

   OR, vaccinated patients 0.59 (0.25–1.38) 
   OR, nonvaccinated patients 0.77 (0.38–1.57) 
 Thomas et al. (19) Pooled data  OR, adjusted for clustering 0.71 (0.29–1.71)† 
*RCT, randomized controlled trial; OR, odds ratio. Boldface indicates statistical significance. 
†p = 0.44. p value not reported for other categories. 

Table 4. Clinically defined outbreaks and clusters of ILI in a review of the vaccination of health care workers to protect patients at risk 
for acute respiratory disease* 

Study Study design Method of assessment 
Measure of effect in patient 

population
Effect estimate 

(95% CI) 
Oshitani et al. (28) Prospective 

cohort 
Defined as ILI >10% of total resident 
population. Mandatory reporting by 

survey. 

OR, unadjusted facilities with 
>10 staff members vaccinated 

vs. those with <10 staff 
members vaccinated 

0.30 (0.09–0.69)† 

Stevenson et al. (37) Cross-
sectional

No definition provided. Reporting by 
survey. 

2 test for trend; logistic 
regression 

2 p = 0.03; logistic 
regression p = 0.08 

Shugarman et al. (35) Cross-
sectional

Defined as >3 residents within a 72-h 
period with influenza-like symptoms, 

sudden onset of fever, or 
“feverishness” and >1 of the following 

respiratory symptoms; sore throat, 
runny nose, cough, or nasal 

congestion. Reporting by survey. 

OR, facilities with staff 
vaccination coverage >55% and 

patient vaccination coverage 
>89%, vs. those with lower 

coverage

0.39 (0.17–0.87)† 

*ILI, influenza-like illness; OR, odds ratio. Boldface indicates statistical significance. 
†p value not reported. 
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staff vaccination coverage and cases of in  uenza in patients, 
although the relative change in vaccination coverage (79%–
91%) was small and thus any difference in the number of 
cases was probably dif  cult to detect. The magnitude of 
reported effects varied, most notably by in  uenza season in 
the study of Hayward et al. (27), and with patient vaccination 
status in the study of Potter et al. (25).

One study measured general practitioners consultations 
for ILI (27). An inconsistent effect was demonstrated 
across different periods of in  uenza activity, but pooled 
data suggested an overall statistically signi  cant reduction 
in the odds of consultation after vaccination of HCWs.

Three observational studies (28,35,37) demonstrated a 
statistically signi  cant protective effect of staff vaccination 
against clinically de  ned outbreaks of ILI in patients (Table 
4). The thresholds used to categorize facilities on the basis 
of staff vaccination coverage again varied among studies, 
and these data were considered to be at relatively high risk 
for bias.

Measures of laboratory-con  rmed infection (online 
Appendix Table 3, wwwnc.cdc.gov/EID/article/18/8/11-
1355-TA3.htm) were less frequently reported and generally 
based on small samples of data at high risk for bias. 
Five studies measured laboratory-diagnosed in  uenza 
(24,25,31,32,36), although 1 reported no statistical analysis 
(25). Different methods of de  ning laboratory con  rmation 

were used (online Appendix Table 3). Thomas et al. (19) 
pooled data from the 2 RCTs (24,25) to demonstrate a small 
nonsigni  cant protective effect. This result is supported by 
evidence from 2 additional observational studies (31,32), 
which indicated a statistically signi  cant reduction in the 
proportion of laboratory-con  rmed cases of nosocomial 
in  uenza among inpatient pediatric and oncology patients 
after implementation of vaccination campaigns. In addition, 
Monto et al. (36) measured outbreaks of laboratory-diagnosed 
in  uenza, and this was the only study not to demonstrate a 
protective effect of vaccinating HCWs. The authors reported 
a higher, but nonsigni  cant, median vaccination coverage 
among staff in homes experiencing outbreaks.

Deaths from Respiratory Infection, ILI, or Acute 
or Respiratory Disease or Its Complications
Evidence for 5 measures of death was identi  ed 

(Table 5). All 4 RCTs (24–27) considered all-cause death 
as their primary objective, providing the strongest evidence 
on the basis of study design. Although not de  ned a priori as 
an outcome of interest for this review, data were therefore 
extracted. These were pooled by Thomas et al. (19) to 
demonstrate a statistically signi  cant protective effect.

Although at higher risk for bias, supporting data were 
provided for 4 more-speci  c measures. Thomas et al. 
(19) pooled data from 2 RCTs, 1 measuring deaths after 

1230 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 8, August 2012

Table 5. Measures of death in a review of the vaccination of health care workers to protect patients at risk for acute respiratory 
disease* 
Outcome measure and 
study Study design 

Method of 
assessment Measure of effect in patient population Effect estimate (95% CI), p value

All-cause mortality 
 Potter et al. (25) Cluster RCT Death 

certificate
OR, vaccinated and nonvaccinated patients 0.56 (0.40–0.80)† 

OR, vaccinated patients 0.57 (0.35–0.91)† 
OR, nonvaccinated patients 0.56 (0.34–0.94)† 

 Carman et al. (24) Cluster RCT Not stated OR 0.62 (0.36–1.04), p = 0.092 
 Hayward et al. (27) Cluster RCT Reporting by 

lead nurse 
Rate difference, epidemic period 1 –0.05 (–0.07 to –0.02), p = 0.002
Rate difference, epidemic period 2 –0.01 (–0.04 to 0.02), p = 0.49 

Rate difference, nonepidemic period 1 0.00 (–0.03 to 0.03), p = 0.93 
Rate difference, nonepidemic period 2 0.01 (–0.03 to 0.04), p = 0.70 

 Lemaitre et al. (26) Cluster RCT Not stated OR 0.86 (0.72–1.02), p = 0.08 
 Thomas et al. (19) Pooled data  OR, adjusted for clustering 0.68 (0.55–0.84), p<0.001 
Respiratory deaths: 
Lemaitre et al. (26)

Cluster RCT Reporting by 
study nurses

OR 1.55 (0.59–4.10), p = 0.38 

Pneumonia-associated deaths 
 Potter et al. (25) Cluster RCT Reporting by 

lead nurse 
OR, vaccinated and nonvaccinated patients 0.60 (0.37–0.97)† 

OR, vaccinated patients 0.56 (0.28–1.13)† 
OR, nonvaccinated patients 0.64 (0.33–1.23)† 

 Thomas et al. (19) Pooled data  Risk ratio, adjusted for clustering 0.87 (0.47–1.64), p = 0.67 
Death with influenza-like illness 
 Hayward et al. (27) Cluster RCT Reporting by 

lead nurse 
Rate difference, epidemic period 1 –0.01 (–0.02 to 0.01), p = 0.24 
Rate difference, epidemic period 2 –0.01 (–0.03 to 0.00), p = 0.08 

Rate difference, nonepidemic period 1 –0.01 (–0.04 to 0.02), p = 0.59 
Rate difference, nonepidemic period 2 0.01 (–0.01 to 0.02), p = 0.35 

 Thomas et al. (19) Pooled data  OR, adjusted for clustering 0.72 (0.31–1.70), p = 0.45 
Laboratory-diagnosed 
influenza at death: 
Carman et al. (24)

Cluster RCT Nasal swab 
within 12 h 

before death 

Difference in proportions, influenza positive 
at death 

20%, p = 0.055 

*RCT, randomized controlled trial; OR, odds ratio. Boldface indicates statistical significance. Shaded fields represent pooled data. 
†p value not reported. 
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pneumonia (25), the other measuring respiratory deaths 
(26), and demonstrated a small nonsigni  cant protective 
effect. However, the validity of this pooled analysis was 
questionable because how these outcomes were de  ned 
was not clear. Nonsigni  cant reductions in risk also 
were observed for laboratory-diagnosed in  uenza at 
death (24) and death after ILI (27). Again, the direction 
of the observed effects was largely consistent with other 
measures, providing further support for a hypothesis of 
indirect protection.

Admission to a Health Care Facility or Any Other 
Suggestion of Impact
Hospitalization was measured in 2 RCTs (26,27), 

pooled data suggesting a small, nonsigni  cant effect 
(Table 6). One RCT also measured hospitalization for 
respiratory causes (26) and 1 admission to hospital with ILI 
(27), although neither demonstrated any apparent effect. 
This result is particularly noteworthy given the observed 
decrease in deaths and might re  ect health-seeking 
behaviors.

Discussion
Evidence is limited for the effectiveness of 

vaccination of HCWs for protecting patients at higher 
risk for severe or complicated respiratory illness. Despite 
the broad question posed, extensive searching, and large 
number of resultant hits, our search resulted in a low 
yield of studies, all of which focused on in  uenza with no 
consideration for pneumococcal infection. This  nding is 
perhaps not surprising because pneumococcal vaccination 
is not routinely recommended for HCWs and little, if 
any, evidence exists of nosocomial spread. A consistent 
direction of effect was observed across multiple outcome 
measures, with virtually all studies noting a trend toward 
a protective effect of vaccinating HCWs. This consistency 
adds to the degree of con  dence in interpreting our 

overall  ndings. Given that most studies were carried out 
in long-term care facilities, we conclude that vaccination 
of HCWs against in  uenza is likely to offer protection 
for this patient group. However, future reviews that 
speci  cally examine the effect of vaccinating other 
outpatient providers, such as home HCWs and hospital 
staff in acute care, short-stay settings, would clearly be 
of value. These  ndings are more dif  cult to extrapolate 
to other at-risk groups, although some, albeit limited, 
evidence was identi  ed from other settings to suggest a 
similar effect.

The results of all 4 RCTs (24–27) and 1 of the 
observational studies identi  ed (28) previously had been 
pooled in a quantitative meta-analysis (19). The authors 
of this analysis concluded that evidence is lacking that 
vaccinating HCWs prevents in  uenza infection in elderly 
patients because the apparent bene  ts were con  ned to 
nonspeci  c outcome measures. We considered additional 
observational data that demonstrate consistency in the 
direction of the observed effects across speci  c and 
nonspeci  c outcome measures. Although the strength of 
evidence for more-speci  c measures is generally much 
weaker, these  ndings add greater weight to the hypothesis 
of a potential protective effect.

The recent position statement by the Society for 
Healthcare Epidemiology of America (38) suggests that 
further studies are not needed because the biological 
rationale for vaccination does not vary by practice setting. 
However, effect size might vary considerably because of 
patient characteristics and care patterns (staff deployment 
and duration of inpatient stay), and further evidence is 
needed among the most at-risk groups where bene  ts are 
probably greatest, to enable prioritization of resources, 
particularly where vaccine shortages or resource limitations 
might exist.

Previous authors have suggested that vaccination 
of HCWs might enable development of herd immunity. 
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Table 6. Measures of hospitalization in a review of the vaccination of health care workers to protect patients at risk for acute
respiratory disease* 
Outcome measure and 
study Study design 

Method of 
assessment Measure of effect in patient population Effect estimate (95% CI) 

Hospitalization    
 Hayward et al. (27) Cluster RCT Reporting by 

lead nurse 
Rate difference, epidemic period 1 0.02 ( 0.05 to 0.02), p = 0.35 
Rate difference, epidemic period 2 0.00 ( 0.03 to 0.04), p = 0.84 

Rate difference, nonepidemic period 1 0.00 ( 0.04 to 0.03), p = 0.80 
Rate difference, nonepidemic period 2 0.00 ( 0.03 to 0.03), p = 0.86 

 Lemaitre et al. (26) Cluster RCT Not stated OR 1.03 (0.76–1.40), p = 0.85 
 Thomas et al. (19) Pooled data  OR, adjusted for clustering 0.90 (0.66 to 1.21), p = 0.47 
Hospitalization for 
respiratory causes: 
Lemaitre et al. (26)

Cluster RCT Not stated OR 1.01 (0.43–2.34), p = 0.98 

Admissions to hospital with 
influenza-like illness: 
Hayward et al. (27)

Cluster RCT Reporting by 
lead nurse 

Rate difference, epidemic period 1 0.02 ( 0.03 to 0.00), p = 0.009 
Rate difference, epidemic period 2 0.00 ( 0.02 to 0.02), p = 0.99 

Rate difference, nonepidemic period 1 0.01 ( 0.02 to 0.01), p = 0.32 
Rate difference, nonepidemic period 2 0.01 (0.00–0.02), p = 0.31 

*RCT, randomized controlled trial; OR, odds ratio. Boldface indicates statistical significance. Shading indicates pooled data. 
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Realistically, herd immunity is dif  cult to achieve in health 
care settings, especially acute care short-stay settings, 
because of patient admissions and discharges, visitors, 
and staff turnover. That said, herd immunity might not be 
necessary to bene  t patients; modeling studies (39) suggest 
a direct association between coverage and attack rates. 
Such studies (39) also suggest variation in the potential for 
transmission of infection by different staff groups, which 
should be explored in further detail.

This  eld of research has some inherent problems. 
These dif  culties result in part from the dif  culty of 
isolating the effect of HCW vaccination, disentangling it 
from other factors that might in  uence patient outcomes, 
such as patient vaccination (as demonstrated by Potter et al. 
[25]) and background in  uenza activity (as demonstrated 
by Hayward et al. [27]). Staff vaccination itself might 
be linked to additional confounding variables, such as 
organizational culture and professional beliefs. In fact, 
such confounding might explain the difference in  ndings 
between the work of Monto (36) and the other authors. 
Prospective collection of information relating to relevant 
transmission factors and infection control measures that 
were largely overlooked by the studies in this review should 
be used to enable appropriate adjustment in future studies. 
Furthermore, the most appropriate outcome measures are 
dif  cult to de  ne because not all persons with laboratory-
con  rmed infection have symptoms of illness and vice 
versa. Future studies thus need to demonstrate consistent 
effects for a range of clearly de  ned outcomes by using 
valid measures across several different in  uenza seasons, 
with suf  cient power to detect true underlying effects.

The  ndings of our review are subject to several 
limitations. Because 11 of the 14 primary research 
articles considered outcomes in long-term care facilities, 
generalizability to other at-risk groups is limited. In addition, 
we did not attempt to contact authors of original studies, 
and the conclusions drawn are limited by the reported 
detail. Although the number of reviewers was limited as far 
as possible, some inconsistency might have occurred in the 
selection, extraction, and assessment of data introducing 
potential bias, particularly where the opportunity for 
subjective judgment existed. We attempted to minimize 
inconsistency by using several standard assessment tools, 
but their use was limited by lack of information where 
components were not conducted because of the nature of 
the study design. Meta-analysis of the 4 RCTs identi  ed 
had already been conducted, and although we identi  ed 
additional observational data, the observed heterogeneity 
limited any further quantitative analysis.

Some wider possible effects of HCW vaccination, 
such as reduction in absenteeism because of illness, are 
beyond the scope of this review. Ethically, autonomy 
needs to be balanced with nonmale  cence, and this 

need must be addressed when policy decisions about 
vaccination are considered. Anikeeva et al. (40) reported 
that in a review of 15 studies focusing on the reasons staff 
accept in  uenza vaccine, self-protection was the most 
important. However, patient protection also was perceived 
as important, particularly among HCWs in settings with 
higher risk patients (40). Nevertheless, HCWs would 
be justi  ed in claiming that the current evidence base 
is not especially strong and heavily weighted toward 
the bene  ts to patients receiving care in long-term care 
facilities, although limited evidence would not necessarily 
legitimize nonacceptance.

The existing evidence base is suf  cient to sustain 
current recommendations for vaccinating HCWs on the 
grounds that some protection of high-risk patients against 
in  uenza seems likely. However, vaccination should 
be considered 1 element of a broad package of infection 
prevention and control measures, such as good hand and 
respiratory hygiene, environmental cleaning, protection 
against respiratory droplets, and cohorted care during 
outbreaks. Well-designed studies that strengthen the 
evidence base might increase compliance with guidelines, 
resulting in improved coverage.
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Nosocomial influenza poses a threat for specific groups of patients

and is associated not only with the disruption of health-care

services but also excess costs. Although vaccination of health-care

workers (HCWs) has been recommended for almost three decades

and constitutes the most convenient and effective means to

prevent nosocomial transmission, vaccine uptake within this

group remains unacceptably low worldwide. In regard to the

pandemic influenza A H1N1, HCWs constitute a priority group

for immunization. Nevertheless, low vaccination rates have been

documented regarding the influenza pandemic and associated with

the onset of nosocomial cases and outbreaks. HCWs, health-care

institutions, and public health bodies have the moral obligation to

protect vulnerable patients and therefore weigh the benefits of

mandatory vaccination. Key effective interventions, such as the

education of HCWs concerning the benefits and safety of

influenza vaccination, the reinforcement of on-site, free of charge

vaccinations, and the use of mobile vaccination teams in

conjunction with incentives, should be widely implemented.

Keywords Health-care workers, influenza, nosocomial, outbreak,

pandemic, patients, safety, vaccination.
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Xuekeı�m �g lg bk�apseim
First, do not harm

Hippocrates, Greek physician (460–377 BC)

Introduction

It has been less than four decades that several fearful infec-

tious diseases of the past have virtually disappeared or have

come to be largely under control in developed countries, as

a result of the broad implementation of vaccination pro-

grams.1 Nowadays seasonal influenza is the most common

vaccine-preventable illness in developed countries. In the

United States alone, an average of 226 000 hospitalizations

and 36 000 deaths occur each year in association with

influenza epidemics.2 Seasonal influenza is also associated

with an estimated $10Æ4 billion direct medical costs and

$87Æ1 billion total costs annually in the same country.3

Nosocomial seasonal influenza constitutes a serious risk

among patients with underlying illnesses, the elderly, and

neonates. Outbreaks have occurred in various health-care

settings, with documented attack rates up to 54Æ8%,4 fatal-

ity rates up to 25%,5 closure rates up to 38Æ5%,6 and nota-

ble excess costs.7 Despite long-standing recommendations

by public health authorities and the fact that the immuni-

zation of health-care workers (HCWs) has proven to be an

effective and very convenient measure of preventing noso-

comial influenza, vaccine coverage rarely exceeds 40%

worldwide.2,5,8–16 The sharp increase in amantadine resis-

tance and the emergence of oseltamivir-resistant strains

over the past few years17 indicate that our means for inter-

rupting influenza spread within health-care settings are

limited. This is very important for the safety of both

patients and employees and for the preservation of health-

care infrastructure during the influenza seasons.

Apart from the seasonal influenza, a novel influenza A

H1N1 virus emerged in North America in early 2009 and

thereafter spread globally rapidly,18 thus necessitating the

declaration of an influenza pandemic by the World Health

Organization (WHO) in 11 June 2009.19 As of 1 August

2010, more than 214 countries have reported laboratory-

confirmed cases to World Health Organization, which

included at least 18 449 deaths.20 In accordance with the

WHO, the United States Centers for Disease Control and

Prevention (CDC), and the European Union Health Secu-

rity Committee recommendations, HCWs were considered

a priority group for vaccination against the pandemic influ-

enza H1N1.21,22 Preliminary data, however, indicated low

acceptance rates among HCWs,23–25 with safety issues being
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raised at the center of the debate against vaccination. As of

mid-January 2010, estimated vaccination coverage among

HCWs in the United States was 37Æ1% for the 2009 pan-

demic influenza A H1N1 and 61Æ9% for the seasonal influ-

enza, while only 34Æ7% of HCWs reported having both

vaccinations.26 It is not yet known how this criticism and

non-compliance to vaccination recommendations from

HCWs globally affected the attitude of the general popula-

tion toward the pandemic vaccines and thus possibly the

course of the pandemic itself. This article reviews vaccina-

tion of HCWs against influenza.

Nosocomial influenza

Nosocomial influenza is associated with considerable mor-

bidity and mortality among specific groups of patients.

Vivid examples of such patients for whom influenza infec-

tion poses a serious risk include a low-birthweight neonate

in a neonatal intensive care unit (NICU),5 an allogeneic

bone marrow transplant recipient,27,28 and a 68-year-old

hospitalized patient with chronic obstructive pulmonary

disease.8 Nosocomial influenza can constitute a serious

health threat for unvaccinated HCWs as well, as in the case

of grossly obese or pregnant HCWs, who were working

during the influenza A H1N1 pandemic.29,30 Outbreaks

with high attack rates among patients and HCWs have

been documented in various health-care departments.5,31,32

The influenza virus can spread in an extremely rapid rate

within a closed setting and trigger outbreaks with an

abrupt onset. Crowded wards, prolonged hospitalization,

and staff shortage facilitate transmission.5 The pandemic

influenza A H1N1 virus has higher transmissibility, and

outbreaks in health-care settings have been reported.33–37

Such outbreaks caused by the novel A H1N1 influenza with

severe morbidity and fatalities did occur and involved both

HCWs and hospitalized patients with underlying diseases

who should have been vaccinated. In such an outbreak in a

Haematology Clinic in late December 2009, eight unvacci-

nated patients developed pandemic influenza H1N1, three

of which succumbed to their infection. Unvaccinated

HCWs with asymptomatic or mild infection might have

introduced and transmitted the virus within the depart-

ment. This event highlights the importance of vaccination

of HCWs caring for such high-risk patients.38

Nosocomial influenza is commonly under-diagnosed,

because many cases may remain largely unnoticed or may

be attributed to the exacerbation of coexisting underlying

conditions or to other respiratory viruses with overlapping

seasonality.8 A recent case–control study showed that the

CDC’s definition of an influenza-like illness was associated

with poor (21%) sensitivity and a 50% positive predictive

value among asthmatic hospitalized patients with influenza

infection.39 Influenza infection may not be suspected early

upon the admission of new patients, and furthermore, visi-

tors may also have subclinical infections, thus constituting

an obscure pool for the transmission of the infection to

those hospitalized.8 Adults with chronic diseases and young

children may transmit the influenza virus for more than

1 week and immunocompromised patients for several

weeks or even months.5,40,41 Such patients may act concur-

rently as a substrate for the emergence of resistant strains

and as a source of nosocomial transmission. Nevertheless,

unvaccinated HCWs are indeed the main source of nosoco-

mial influenza. In a review of six outbreaks in NICUs, it

was the HCWs in all cases who were identified as the

source of infection (Table 1).5 HCWs may be infected

either in the community setting or at their workplace and

may continue working while contagious.9,42

Nosocomial influenza has a substantial impact on

health-care costs because of additional diagnostic tests that

are necessary, the administration of further treatment for

the infection, and the extension of the patient’s hospital

stay.5 In an outbreak that occurred in a large pediatric hos-

pital over a 1-year period from 1989 to 1990, hospitaliza-

tion was prolonged for a mean of 8 days with an excess

cost of US$ 7545 per case.7 In a recent review, it was found

that outbreaks caused by influenza or parainfluenza were

associated with a 38Æ5% closure rate of wards, while influ-

enza accounted for three of 10 closures of entire health-

care facilities because of outbreaks.6 Furthermore, excess

absenteeism and disruption of health-care services are com-

mon during seasonal influenza epidemics. A survey in 221

health-care institutions in the United States revealed that

35% of hospitals face staff shortages, 28% bed shortages,

and 43% ICU bed shortages during the peak of the influ-

enza season.15 An influenza pandemic simulation model

Table 1. Published influenza outbreaks in neonatal intensive care

units and infant wards*

Year ⁄ influenza
type

Number

of patients

(% with

underlying

disease)

Attack

rate (%)

Source of

infection

Case

fatality

rate (%)

1997 ⁄A 4 (100) 27 ND 25

1976 ⁄A 8 (100) ND Parents ⁄HCWs 0

1972 ⁄A 3 (100) ND HCWs 0

1999 ⁄A 30 (ND) 31Æ5 Parents ⁄HCW 0

1998 ⁄A 19 (ND) 35 ND 5

1974 ⁄A + B 12 (91Æ5) 41 Patient ⁄HCWs 0

ND, no data; HCW, health-care worker.

*Adapted from: Maltezou HC, Drancourt M. Nosocomial influenza

in children. J Hosp Infect 2003;55:83–91.
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revealed that the secondary attack rate among unprotected

HCWs was approximately 60% higher than that of non-

HCW adults (54Æ3% versus 34Æ1%, respectively), which

would result in substantial absenteeism and additional

infection risks concerning their families.43

Vaccination of HCWs against influenza

Annual vaccination of HCWs is an important preventive

measure for nosocomial influenza and is consistently rec-

ommended by public health bodies worldwide.2,44,45 The

rational behind this recommendation is to protect vulnera-

ble patients from contracting influenza within a health-care

setting. This is important, given the fact that persons at

high-risk for influenza-related complications and even

death (e.g. persons with underlying diseases, the elderly)

tend to use health-care services more frequently than the

general population and their vaccinations may often be

ineffective. As influenza vaccination is recommended after

the age of 6 months, hospitalized neonates and young

infants cannot receive the vaccine. The same concept of

herd immunity applies in this case as in other diseases. A

recent Cochrane review on the effectiveness of neuramini-

dase inhibitors in preventing influenza complications in

healthy adults states that current data do not provide any

clear evidence of benefit from their administration.46 This

fact constitutes an additional reason necessitating vaccina-

tion of HCWs. Furthermore, given the emergence and pre-

dominance of influenza strains resistant to antiviral agents,

vaccination emerges as the core preventive measure against

influenza within health-care facilities.17 Vaccination of

HCWs is important not only in order to protect HCWs

and their families from occupationally acquired influenza

infections but also for the preservation of the essential

health-care infrastructure during the winter months.

It is recommended that the employees of such health-

care facilities who may come in contact with patients get

vaccinated. This group includes all permanent, casual, and

contract staff, trainees, volunteers, and students, who in

fact constitute a group of people likely to transmit influ-

enza to the hospitalized patients.2,8 In seasons of vaccine

shortage, the first to receive the vaccine should be HCWs

working in the ICUs, NICUs, oncology, transplantation,

pulmonary, cardiology, and geriatric departments, as well

as the staff in the ERs because their work places them in

the front line and in wards where the potential impact of

nosocomial influenza is large. A recently published article

showed that physicians and medical personnel had a higher

infection rate than other employees, with those working in

emergency departments exhibiting the highest infection

rate.47 For the 2010–2011 influenza season, it is also recom-

mended that the personnel of the obstetric departments be

vaccinated against pandemic influenza H1N1 virus. The

vaccine has been found to be 70–90% effective in healthy

adults under 65 years, a category into which almost all

HCWs fall into, and has a long-term safety profile.2,8 Simi-

lar seroconversion rates, tolerance, and rates of adverse

effects were found with pandemic (influenza H1N1) vac-

cines tested on healthy young or middle-aged adults.48,49

The implementation of vaccination programs for HCWs

has been associated with less cases of seasonal influenza,

less cumulative days of influenza-like illness and absence

from work,8,50–52 and a reduction in the total number of

nosocomial influenza cases.32,53On the other hand, out-

breaks have occurred in the context of low coverage.33 Vac-

cination in long-term care facilities reduces all-cause

mortality, influenza-like illness, and hospitalizations among

residents.10,54,55 Carman et al.56 found that with vaccina-

tion rates of even only 50Æ9% of HCWs, a substantial

decrease that ranged from 22Æ4% to 13Æ6% was noted in

the mortality rates of residents in long-term care facilities.

In contrast to long-term facilities, the rapid turnover of

patients in acute care facilities makes it difficult to estimate

the exact impact of vaccination of HCWs in such a health-

care setting.

Despite long-standing recommendations and the negligi-

ble time required to get vaccinated, thus acquiring protec-

tion for the entire influenza season, vaccination rates

among HCWs remain low worldwide, ranging from 2% to

44%.2,5,10–16 After more than a decade of efforts to increase

vaccine uptake in the United States, vaccinations rates were

shown to be consistently low with data for the years 2005–

2006 and 2006–2007 exhibiting 42% and 44% compliance

rates, respectively.2 Low vaccination rates (22Æ8% and

30Æ2%) were also reported in the only two existing studies

that were conducted in primary health-care settings.57,58

Optimal vaccination rates for HCWs, which aim to provide

adequate patient protection against infection within the

health-care setting, have been estimated at 90%.2 Several

studies have investigated the reasons behind non-compli-

ance to vaccination recommendations in general. Miscon-

ceptions concerning vaccine effectiveness and safety, the

belief that HCWs are not at risk of contacting influenza,

fear of injections, a lack of leadership support, and

unawareness regarding the recommendations for annual

influenza vaccination appear as significant reasons

(Table 2).4,35,59–66 Similar barriers exist concerning the

H1N1 pandemic vaccine. A strong association between the

uptake of the seasonal influenza vaccine and the pandemic

vaccine has been reported.24,67 Overall, preliminary data

indicate low acceptance rates of the pandemic vaccines

among both HCWs and the general population.23–25,67,68

Safety concerns, with Guillain-Barré syndrome (GBS) being

noted as the most important reason for refusing vaccina-

tion, were the major barriers for vaccine acceptance during

the 2009 H1N1 pandemic.25,67,69 The association between
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the 1976 swine influenza vaccine and GBS has been well

documented, with an attributable risk ranging from 4Æ9 to

11Æ7 cases per 1 million vaccinated adults in the United

States.70 Nevertheless, the estimated risk for vaccine-associ-

ated GBS is only one additional case per 1 million persons

vaccinated against the seasonal influenza, compared with

the annual incidence of GBS, which is 10–20 cases per 1

million adults.2 It should be noted that, according to a

recent study, the risk for GBS onset following a serologi-

cally confirmed influenza infection is 4–7 times higher.71

Strategies that have been found to deliver increased influ-

enza vaccination rates include on-site and free of charge

administration, lectures concerning benefits and safety, the

use of mobile teams, incentives and declination forms, and

of course the implementation of mandatory vaccination

programs (Table 3).1–3,53,60,63–66,72,73 Unfortunately, efforts

based solely on staff education have failed to achieve high

and sustainable coverage rates. Higher vaccination rates

have been recorded in small rural hospitals with a limited

number of beds and employees,9,12 thus underlying the dif-

ficulty in organizing vaccination campaigns in large ter-

tiary-care hospitals. Their own protection is among the

strongest motivations for HCWs influenza vaccination,

while a history of influenza vaccination in the past is highly

associated with increased rates of vaccination.8,59,65,66

Is it time to rethink our policy about
influenza vaccination among HCWs?

The evidence is clear: the majority of HCWs do not com-

ply to the existing recommendations concerning influenza

immunization. Voluntary vaccination programs have failed

to achieve and sustain high coverage rates. This is almost

universal and remains unchanged throughout the years.

There is a need to rethink our policies toward vaccination

of HCWs against influenza. Starting in 2005, the CDC rec-

ommended the use of signed declination forms for HCWs

who refuse vaccination and also the use of HCWs’ coverage

rates as a quality index for patient safety.51 The use of dec-

lination forms improved vaccination rates, but failed to

yield high compliance rates.9,74–76 A mandatory vaccination

policy is yet another option. The implementation of such a

mandatory vaccination program in a large multi-hospital,

health-care organization with approximately 26 000

employees during 2008–2009 was associated with a 98Æ4%
coverage, which represents a raise by 43Æ4% and 26Æ5% in

comparison with rates achieved in 2006 and 2007, respec-

tively; the only exemptions made were reviewed by the

occupational health services and were because of pre-deter-

mined medical contraindications and religious reasons.77 In

this study, high levels of acceptance of this type of

approach to the vaccination issue were also recorded.77 In

the United States, the following professional organizations

have called for mandatory influenza vaccination of HCWs:

Association for Professionals in Infection Control and Epi-

demiology, Infectious Diseases Society of America, National

Foundation for Infectious Diseases, Society for Healthcare

Epidemiology of America, American Academy of Pediatrics,

American College of Physicians, American Medical Associa-

tion.

Acceptance of such a mandatory policy by HCWs is

another issue. A recent survey among nurses in a health-

care institution in the United States revealed that although

83% believed that influenza vaccination was in fact the pre-

ferred preventive method during influenza outbreaks com-

pared with wearing a mask (3Æ7%) or taking antivirals

(1%), only 56% were willing to accept a mandatory influ-

enza vaccination policy.78 It is interesting that mandatory

vaccination of HCWs was supported by 24Æ3% of nursing

home administrators in the Netherlands,79 indicating that

different attitudes toward a mandatory vaccination policy

may exist across nations and communities, and within pro-

fession groups.

There is a need to consistently communicate to HCWs

the benefits of influenza vaccination. The message that by

taking five minutes to get vaccinated provides HCWs the

most convenient and effective measure against nosocomial

Table 2. Barriers to increase influenza vaccine uptake among

health-care workers

Insufficient knowledge about nosocomial influenza

Misconceptions that they are not at risk for contacting influenza

Misconceptions about vaccine effectiveness

Misconceptions about vaccine safety

Misconception that the vaccine can cause influenza

Unawareness of the recommendations for annual influenza

vaccination

Unavailable vaccine

Fear of injections

Lack of leadership support

Reliance on homeopathic agents

Table 3. Strategies associated with increased influenza vaccine

uptake in health-care workers

On-site vaccination

Vaccination free of charge

Lectures about influenza and influenza vaccine

Organization of campaigns

Mobile vaccination teams

Use of declination forms

Implementation of a mandatory vaccination policy

Use of reminding systems

Incentive programs

Leadership support

Influenza vaccination of health-care workers
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influenza for the entire influenza season. The only option

remaining for those who refuse vaccination should be the

consistent use of masks during clinical practice for the

duration of the influenza season. Public health bodies,

health-care institutions, and HCWs themselves have the

moral obligation to ensure a safe environment for both

patients and employees. This obligation has been at the

core of health-care since antiquity. HCWs refusing immu-

nization could argue that the implementation of a manda-

tory vaccination scheme is in conflict with the ethical

principle of personal autonomy, because the right to freely

choose not to get vaccinated is suspended.80 Nevertheless,

we should take into account two other ethical principles

that are equally important: non-maleficence (the moral

obligation to not to harm others) and beneficence (the

moral obligation to act for the benefit of others). In light

of this aspect, one would argue that HCWs have the obli-

gation to take all appropriate measures in order to protect

their vulnerable patients and thus should get vaccinated.

Such a measure ensures that HCWs are not the cause of

significant morbidity and mortality.80 Health-care institu-

tions motivated by the fundamental principles of benefi-

cence and non-maleficence are expected to implement

policies that promote all reasonable measures to avoid

transmitting communicable pathogens to their patients,

including influenza.64,81 The ethical justification for the

immunization of HCWs against relatively rare diseases such

as rubella, measles, mumps, varicella, and hepatitis B has

already been recognized.75 Mandatory influenza vaccination

for HCWs is in the interest of public health and although

such policies may appear to be in conflict with the princi-

ples of liberty, autonomy, and self-determination in the

long run, the safety of the patient is and should remain an

absolute priority for the health-care-providing community.

Conclusion

The moral obligation to protect patients and ensure that

they are treated in a safe environment has always been

strong and constituted the core of clinical practice since

the era of Hippocrates. Despite the fact that over the past

few years enormous efforts have been made to reinforce

infection control capacity and to improve employee and

patient safety, nosocomial influenza remains a serious risk

for specific groups of patients. Although vaccination of

HCWs is the most easily applied and effective means for

the prevention of nosocomial influenza, vaccine uptake

rates remain suboptimal worldwide. Therefore, it is high

time public health bodies and health-care institutions

weight the benefits of mandatory vaccination and make it a

part of everyday clinical practice. Communication and

training of HCWs regarding safety issues, dismissal of com-

mon misconceptions concerning influenza and influenza

vaccines, and well-studied strategies are imperative.
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SummarySummary
The Centers for Disease Control and Prevention (CDC) is issuing this Health Alert Network Health Advisory to notify public
health practitioners and clinicians about the urgent need to increase COVID-19 vaccination coverage (i.e., the percentage of
the population fully vaccinated) across the United States to prevent surges in new infections that could increase COVID-19
related morbidity and mortality, overwhelm healthcare capacity, and widen existing COVID-19-related health disparities.
Increasing vaccination coverage is especially urgent in areas where current coverage is low. Unvaccinated persons account for
the majority of new COVID-19 infections, hospitalizations, and deaths. Currently circulating SARS-CoV-2 variants of concern,
especially the highly infectious Delta variant (B.1.617.2), are accelerating spread of infection. Unvaccinated and partially
vaccinated people need to practice all recommended prevention measures until fully vaccinated. In areas with substantial and
high transmission, CDC recommends that fully vaccinated individuals wear a mask in public indoor settings to help prevent
the spread of Delta and protect others.

BackgroundBackground
COVID-19 case rates are rising again after a period of declineg g pCOVID-19 case rates are rising again after a period of decline: COVID-19 cases have increased over 300% nationally from June
19 to July 23, 2021, along with parallel increases in hospitalizations and deaths driven by the highly transmissible B.1.617.2
(Delta) variant. While signi cant progress has been made to make COVID-19 vaccine widely available, disparities in vaccination
coverage persist across population groups and geographic areas. As of July 23, 2021, 1,856 (63.0%) of the 2,945 counties with
available vaccination data have particularly low vaccination coverage, de ned here as <40% of the population being fully
vaccinated. As of July 23, 2021, among the counties with vaccine coverage <40%, 36.0% (N = 668) have COVID-19 incidence
rates in the high burden level (≥100 cases/100,000 over the last seven days) (see gure below, and further data at COVID
Tracker).
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Overall, the majority (81.4%) of counties with high COVID-19 incidence rates are found in communities with low vaccination
coverage. As COVID-19 case counts continue to rise nationally, areas with lower vaccination coverage are at especially high
risk for a surge in cases.

Most cases of COVID-19 and hospitalizations are in unvaccinated individualspMost cases of COVID-19 and hospitalizations are in unvaccinated individuals: : While COVID-19 vaccines authorized in the
United States remain e ective against SARS-CoV-2 infection and severe disease, some infections among vaccinated persons
(i.e., breakthrough infections) are anticipated and have been reported. However, the majority of COVID-19 cases and
hospitalizations are occurring among individuals who are not fully vaccinated.  From January through May 2021, of the more
than 32,000 laboratory-con rmed COVID-19-associated hospitalizations in adults ≥18 years of age for whom vaccination
status is known, <3% of hospitalizations occurred in fully vaccinated persons.

The COVID-19 Delta variant is widely prevalent and more infectious than prior strainsy p pe COVID-19 Delta variant is widely prevalent and more infectious than prior strainsThe COVID-19 Delta variant is widely prevalent and more infectious than prior strains: The COVID-19 Delta variant currently
accounts for more than 80% of all COVID-19 cases in the United States. This variant is signi cantly more infectious than prior
SARS-CoV-2 variants and has led to a rapid rise in COVID-19 cases in other countries, including the United Kingdom and Israel.
Emerging evidence suggests that fully vaccinated people who do become infected with the Delta variant are at risk for
transmitting it to others.

COVID-19 vaccination is our most e ective strategy to prevent infection and severe diseasegy pective strategy to prevent infection and severe diseaseective strategy to prevent infection and severe disease:: Vaccination is a priority national
strategy to interrupt SARS-CoV-2 transmission, protect personal and public health, and preserve healthcare system capacity.
COVID-19 vaccines are safe and recommended for all persons aged 12 years of age and older, even for those with prior SARS-
CoV-2 infection.  Immunologic data support the role of Food and Drug Administration (FDA)-authorized COVID-19 vaccines in
o ering protection against the known currently circulating variants. By limiting viral spread, vaccination also minimizes
opportunities for the introduction of more infectious variants through random mutation. Mutations could produce future
variants that are more virulent and capable of evading diagnostic and therapeutic tools or overcoming vaccine-induced
immunity.

COVID-19 vaccination coverage at skilled nursing facilities (SNF) helps prevent infectionOVID-19 vaccination coverage at skilled nursing facilities (SNF) helps prevent infeg g ( ) p pCOVID-19 vaccination coverage at skilled nursing facilities (SNF) helps prevent infectioni ti t kill d i f iliti (SNF) h l t i : Nursing home residents have been
severely impacted by COVID-19 and are disproportionately represented in overall burden of COVID-19-related morbidity and
mortality in the United States. While there has been signi cant progress in vaccinating SNF residents, vaccination coverage of
sta  at many facilities remains low. Preliminary data from CDC’s National Healthcare Safety Network (NHSN) indicate
residents of SNFs in which vaccination coverage of sta  is 75% or lower experience higher crude rates of preventable COVID
infection.
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CDC recommends urgent action by allg yDC recommends urgent action by aCDC recommends urgent action by all:: CDC recommends continued e orts to accelerate primary vaccination e orts,
especially in areas with lower vaccination coverage. Individuals who are not fully vaccinated need to maintain all
recommended prevention measures. People who are immunocompromised should be counseled about the potential for
reduced immune responses to COVID-19 vaccines and to follow current prevention measures to protect themselves against
COVID-19 until advised otherwise by their healthcare provider. CDC recommends ensuring tailored, culturally responsive,
and linguistically appropriate communication of vaccination bene ts (see vaccine equity resources below).

Recommendations for Public Health JurisdictionsRecommendations for Public Health Jurisdictions

Continue and increase e orts to reach and partner with communities to encourage and o er vaccination. Co-lead the
conversation by participating in community education and outreach events.

Leverage resources to promote vaccine equity.

Encourage clinicians to o er and recommend COVID-19 vaccination to their patients and community members.

Work with community partners to make vaccination easily accessible for unvaccinated populations.

Implement additional prevention strategies when transmission is high and vaccination coverage is low (MMWR ).

Continue to monitor community transmission levels, variant, and vaccination coverage levels, and focus vaccine e orts
on populations with low coverage.

Communicate vaccination coverage, variant, and transmission levels to key partners, including the key information on
risk associated with the B.1.617.2 (Delta) variant.

Recommendations for CliniciansRecommendations for Clinicians

If you are a clinical provider and are not fully vaccinated, get vaccinated as soon as possible to protect yourself, your
family, and your patients.

Increase patient outreach e orts to encourage, recommend, and o er COVID-19 vaccination.

Remind patients that vaccination is recommended for all persons aged 12 years of age and older, even for those with
prior SARS-CoV-2 infection. Follow trusted sources carefully for any new recommendations and changes in vaccine
guidance.

Support e orts to ensure people receiving a rst dose of a COVID-19 mRNA vaccine (i.e., P zer-BioNTech or Moderna)
return for their second dose to complete the series.

Communicate with unvaccinated sta , patients, and other individuals to increase con dence in vaccination. CDC has
many resources for providers to help increase vaccine con dence .

Recommend that fully vaccinated patients who are immunocompromised continue to practice all recommended
prevention measures for unvaccinated persons.
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prevention measures for unvaccinated persons.

Recommendations for Healthcare Facilities and Systems, Nursing Homes, and BusinessesRecommendations for Healthcare Facilities and Systems, Nursing Homes, and Businessesecommendations for Healthcare Facilities and Systems, Nursing Homes, and BusinessesRecommendations for Healthcare Facilities and Systems, Nursing Homes, and Busi

Recommend and o er COVID-19 vaccine to your sta  and employees and establish policies to encourage uptake such as
time o  to receive the vaccine.

Consider o ering COVID-19 vaccine at your workplace (Workplace COVID-19 Vaccine Toolkit).

Evaluate whether your facility can implement vaccine requirements or vaccine incentives.

For More Information

CDC Weekly Morbidity and Mortality Weekly Report (MMWR) Guidance for Implementing COVID-19 Prevention Strategies
in the Context of Varying Community Transmission Levels and Vaccination Coverage

Interim Public Health Recommendations for Fully Vaccinated People

COVID Data Tracker

The Centers for Disease Control and Prevention (CDC) protects people’s health and safety by preventing and controlling
diseases and injuries; enhances health decisions by providing credible information on critical health issues; and promotes

healthy living through strong partnerships with local, national and international organizations.
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raccine Adverse Event Reporting System (VAERS) https://vaers.hhs.gov/ 
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en Espanol (indexSpanish.html) 

(index.html) 

Have you had a reaction following a vaccination? 

1. Contact your healthcare provider.

Vaccine Adverse Event Reporting System 
www.vaers.hhs.gov 

2. Report an Adverse Event (reportevent.html) using the VAERS on line form or the downloadable PDF. New!

Important: If you are experiencing a medical emergency. seek immediate assistance from a healthcare provider o r  call 9-1-1. CDC and FDA do not provide  individual med ical treatment.

advice, or diagnosis. If you need indiv idual medical or health care advice, consult a Qualified healthcare provider.

Reporting requirements for healthcare providers administering COVID-19 vaccines (faq.html) 

REPORT AN ADVERSE EVENT (REPORTEVENT.HTML) 

Review reporting requirements and submit reports. (reportevent.html}

N;o,';' 
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SEARCHVAERSDATA(DATA.HTML} 

Download VAERS Data and search the CDC WONDER database. (data.html) 

REVIEW RESOURCES (RESOURCES.HTML)

Find materials, publications, learning tools, and other resources. (resources.html)
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SUBMIT FOLLOW·UP INFORMATION (AUTOUPLOAD.HTML) 

Upload additional information related to VAERS reports. (autoupload.hcml)

HELPFUL LINKS 
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LEARNING TOOLS 

I Fact Sheet for General Public and Healthcare Providers lpdf • 415KB] (https://urldefense.us/v3/ _http://www.cdc.gov/vaccinesafety
/pdf/vaers_factsheet1.pdf_;!!JRQnnSFuzw7wjAKq6ti6!1zpgQbAdpVXAMMkvhptzHFWy3_gnvOCu8oK9SbkJyXy4YgK7eSQCRmZrkKvNKNI$) 

Summary of 2016-2017 Influenza Vaccine Information (resources/fluupdates.html) 

VAERS Publlcatlons (https://urldefense.us/v3/ _http://www.cdc.gov/vacclnesafety/ensuringsafety/monitoring/vaers 
/publications.html _;!!JRQnnSFuzw7wjAKq6tl6!izpgQbAdpVXAMMkvhptzHFWy3_gnv0Cu8oK9SbkJyXy4YgK7eSQCRmZr· 
4eMVU4$) 

Print and Web Material (https://urldefense.us/v3/ _http://www.cdc.gov/vaccinesafety/ensuringsafety/monitoring/vaers/print• 
material.html_;!!JRQnnSFuzw7wjAKq6ti6!izpgQbAdpVXAMMkvhptzHFWy3_gnvOCu8oK9SbkJyXy4VgK7eSQCRmZrRVCAP·c$) 
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VAERS: An Overview and Demonstration (https://urldefense.us/v3/ _https://www.youtube.com 

/watch?v•sbCWhcQADFE_;!!JRQnnSFuzw7wjAKq6ti6!izpgQbAdpVXAMMkvhptzHFWy3_gnv0Cu8oK9SbkJyXy4YgK 

VAERS: Online Reporting Demonstration (https://urldefense.us/v3/ _https://www.youtube.com

/watch ?v= 9 IVCzQF Chew_;! ! JRQnnSFu zw 7wjAKq6ti6 ! izpgQbAdpVXAM MkvhptzH FWy3 _gnv0Cu8oK9SbkJyXy4YgK; 
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Searching the VAERS WONDER Database (https://urldefense.us/v3/ _https://www.youtube.com 

Iwate h ?v= cO H7 cFWS7 o4_; ! ! J RQnnSF uzw 7wjAKq6ti6! izpgQbAdpVXAMMkvhptz HFWy3_gnvOCu8oK 9SbkJyXy4YgK 

Watch specific sections of the video 

Section 1: Introduction to VAERS (https://urldefense.us/v3/ _h ttps://www.youtube.com/watch?v=c0H7cFWS7o4&feature=youtu.be& 

t=44s_;!!JRQnnSFuzw7wjAKQ6ti6!izpgQbAdpVXAMMkvhptzHFWy3_gnvOCu8oK9SbkJyXy4YgK7eSQCRmZrh4Cpo8c$) 

Section 2: How to Search VAERS Public Data (https://urld efense.us/v3/_llttps://www.youtube.com/watch?v=cOH7cFWS7o4&feature=voutu.be& 

t = 2m28s_; ! ! J RQnnSFuzw 7wjAKQ6ti6! izpgQbAdpVXAMM kvhptzHFWy3_gnvOCu8oK9SbkJyXy4YgK7 eSQC RmZrdSk T S _  4$)

Section 3: Strengths and Limitations o f  VAERS Data (https://urldefense.us/v3/_https://www.youtube.com/watch?v=cOH7cFWS7o4&feature=youtu.be& 

t=10m37s_;!!JRQnnSFuzw7wjAKq6ti6!izpgQbAdpVXAMMkvhptzHFWy3_gnvOCu8oK9SbkJyXy4YgK7eSQCRmZr9QrLzio$)

Section 4: Where to Get More Information (https://urldefense.us/v3/ _https://www.youtube.com/watch'v = c0H7cFWS7o4&feature=youtu.be& 

t = 12m 13s_;! !JRQnnSFuzw7wjA KQ6ti6 !izpgQbAdpVXAM MkvhptzH FWy3_gnvOCu8oK 9SbkJyXy4YgK7 eSQC RmZr8 LuegSg$) 

VACCINE SAFETY INFORMATION 

Ensuring Vaccine Safety (https://urldefense.us/v3/ _http://www.cdc.gov/vaccinesafety/ensuringsafety

/index.html_;! ! JRQnnS F uzw 7wjAKq6t i 6! izpgQbAdpVXAMM kvhptzH FWy3_gnvOCu8oK9S bkJyXy4YgK;

Learn how CDC wo rks to ensure the safety of vaccines 
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Safety monitoring in VAERS (https://urldefense.us/v3/ _https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4, 
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Post•licensure vaccine safety monitoring using VAERS 

Information For Healthcare Providers (resources/infoproviders.html) 

Specific information for healthcare providers

Note: To view PDF files, download the free Adobe Acrobat Reader (https://urldefense .us/V3/ _https://get.adobe .com/reader

i _;!!JRQnnSFuzv,7wjAKq6ti6!izpgQbAdpVXAMMkvhptzHFWy3_gnv0Cu8oK9SbkJyXy4YgK7eSQCRmZrmSo0ed8$). 

FAQs (faq.html) Contact Us (contact.html) · Privacy (privacy.html) info@vaers.org (mail to:info@vaers.org)

USA.gov (https://urldefense.us/v3/ _http://www.usa.gov _; ! !J RQnnSF uzw7wjAKq6ti6
1 izpgQbAdpVXAMMkvhptzHFWy3_gnvOCu8oK9$bk JyXy4 YgK7 eSQCRmZrkk6r3Gs$)

Centers for Disease Control and Prevention (https://urldefense .us/v3/ _https://www.cdc.gov

i _:!!JRQnnSFuzw7wjAKq6ti6!izpgQbAdpVXAMMkvhptzHFWy3_gnv0Cu8oK9SbkJyXy4YgK7eSQCRmZrVkivwNU$)

Food and Drug Administration (https://urldefense .us/v3/ _http://www.fda.gov

i_;!!JRQnnSFuzv17wjAKq6ti6!izpgQbAdpVXAMMkvhptzHFWy3_gnv0Cu8oK9SbkJyXy4YgK7eSQCRmZrQqhaxnU$) 

U.S. Department of Health & Human Services (https://urldefense.us/V3/ _https://www.hhs.gov

/ _;!!JRQnnSFuzw7wjAKq6ti6!izpgQbAdpVXAMMkvhptzHFWy3_gnv0Cu8oK9SbkJyXy4YgK7eSQCRmZrnm9V4bM$) 

VAERS is co•sponsored by  the Centers for Disease Control and Prevention (CDC). and the Food and Drug Administration (FDA). ag encies of the U.S.

Department of Health and Human Services (HHS).
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https://www.nytimes.com/2021/09/28/nyregion/vaccine-health-care-
workers-mandate.html

Thousands of N.Y. Health Care Workers Get Vaccinated
Ahead of Deadline
Though many hospital and nursing home employees remain unvaccinated, officials say
worst-case staffing shortages seem less likely.

By Sharon Otterman and Joseph Goldstein

Published Sept. 28, 2021 Updated Oct. 20, 2021

New York State’s pioneering effort to force health care workers to receive coronavirus
vaccines appears to have pressured thousands of holdouts to receive last-minute shots,
though hospitals and nursing homes continue to brace for potential staffing shortages
should the mandate fall short, according to state and industry officials.

As the vaccination mandate went into full effect on Monday, 92 percent of the state’s more
than 650,000 hospital and nursing home workers had received at least one vaccine dose,
state officials said. That was a significant increase from a week ago, when 82 percent of
the state’s nursing home workers and at least 84 percent of hospital workers had received
at least one dose.

The jump in vaccinations in the days before the deadline gave New York one of the
highest rates of vaccination among health care workers nationally. It was also a positive
sign that President Biden’s planned federal vaccination mandate for most health care
workers might buoy rates nationwide.

At the same time, at least eight lawsuits and several angry protests against mandates in
New York served as a reminder that thousands of health care workers would likely resign
or choose to be fired rather than get vaccinated.

Many hospitals and nursing homes faced staffing shortages before the mandate, for
reasons including pandemic-related burnout and the high pay being offered to traveling
nurses. That means even minor staff losses because of vaccine resistance could put some
patients at risk.
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As a result, many health care facilities have braced themselves by activating emergency
staffing plans, calling in volunteers and moving personnel to cover shifts.

Implementing the mandate has become a major test for Gov. Kathy Hochul, who took
office in August and has made fighting Covid a top priority.

The governor declared a state of emergency late Monday night that will allow her to use
the National Guard to fill staffing shortages at hospital and nursing homes if needed. She
has also opened a crisis operations center for health care facilities to request help and
waived licensing requirements to allow nurses and other health care workers from outside
New York to assist.

“I‘m using the full power of the state of New York to ensure that we do everything to
protect people,” Ms. Hochul said on Monday. “This is simple, common sense.”

New York is a bellwether for vaccine mandates, as a number of states have imposed
similar requirements that take effect soon, including California, where health care
workers must be fully vaccinated by Sept. 30 unless they receive a medical or religious
exemption. New York’s mandate is among the strictest, providing no option to test weekly
rather than get vaccinated. It also allows no religious exemptions, though that is the
subject of litigation.

In the New York City public hospital system, more than 8,000 workers were unvaccinated
a week ago. By Monday morning, that number had dropped to about 5,000 — or just over
10 percent of the work force.

Dr. Mitchell Katz, the president of the system, said Tuesday that about 500 unvaccinated
nurses were among the employees placed on unpaid leave on Tuesday, but that the system
had brought in 500 new nurses and had enough staff to continue functioning safely.

In Rochester, officials at Strong Memorial Hospital placed a two-week pause on
scheduling elective procedures and warned patients to expect longer wait times for
routine appointments as the deadline loomed last week. But on Monday, they announced
that they had been able to bring their staff vaccination rate to 95.5 percent, up from 92
percent last week.

After staff members with exemptions are accounted for, fewer than 300 employees out of
16,000 will be fired if they don’t relent, said Kathleen Parrinello, the chief operating officer
of the hospital.

“Some are still very scared,” she said. “So they need hand-holding and reassurance.”
Other employees, she said, told her they weren’t convinced they should get vaccinated but
didn’t want to lose their jobs.
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In the courts, some of the lawsuits filed by opponents of the mandate are based on First
Amendment grounds. Others argue that the state should recognize immunity from prior
infection, though most scientists say that does not provide sufficient protection and insist
that vaccination is superior.

Because of one federal lawsuit filed in Utica, N.Y., workers statewide who have applied for
religious exemptions — likely thousands of people — are currently permitted to continue
working until Oct. 12, easing the immediate blow to staffing.

Separately the U.S. Court of Appeals for the Second Circuit in Manhattan is scheduled to
hear arguments Wednesday on whether the vaccine mandate violates the religious
freedom of two Long Island nurses and a health care worker in Syracuse.

The Coronavirus Pandemic: Latest Updates ›
Updated 

Disney Cruise Line will require all passengers ages 5 and older to be fully vaccinated.

The White House estimates nearly 10 percent of younger children have gotten a first
shot.

A standoff over vaccines has intensified between Oklahomas̓ governor and the
Pentagon.

Those plaintiffs, like others around the state, say they do not want to get a coronavirus
vaccine because cell lines derived from fetuses aborted decades ago were used in the
development or production or testing of the vaccines.

Organized protests against the mandate have also continued in New York City and
elsewhere, including at Strong Memorial.
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Carmen De León, the president of Local 768, which represents respiratory therapists,
social workers and many other workers in New York City’s public hospital system, noted
that some of those who were opposed to getting vaccinated would likely be able to find
higher-paying jobs in other states through medical staffing agencies.

“You had people working through the whole pandemic and they did not get sick, and now
you’re telling them they have to get vaccinated and they don’t know what the outcome is
going to be,” she said.

Public officials touted the success of the mandate in raising vaccination rates. When it was
first announced by then-Gov. Andrew M. Cuomo on Aug. 16, only 70 percent of nursing
home staff had received at least one vaccine dose and 77 percent of hospital staff were
fully vaccinated.

In a shift, the governor’s office on Tuesday estimated the total number of hospital workers
affected by the mandate at 519,000 statewide, up from its estimate of 450,000 when the
mandate was announced.

“People who are on the fence benefit from these mandates, bluntly, as a way to make this
decision,” said Mayor Bill de Blasio, who has also required that everyone working in New
York City public schools have at least one vaccine dose by next Monday.

While the rates were high among health care workers as a whole, however, low
vaccination totals at some facilities sent a warning signal. As of Sunday, fewer than 65
percent of staff members had received at least one vaccine dose at several nursing homes,
including The Plaza Rehab and Nursing Center in the Bronx, and Hopkins Center for
Rehabilitation and Healthcare in Brooklyn, state data showed.

The State of Vaccine Mandates in the U.S.
A growing number of employers, universities and businesses are now issuing some
form of a vaccine requirement. Here s̓ a closer look.

Private Sector: The Biden administration set Jan. 4 as the deadline for
large companies to mandate vaccinations or start weekly testing of their
workers, but a federal appeals court has blocked the rule.

Demonstrators at a rally against New York’s vaccine mandate marched from Foley
Square in Lower Manhattan to Times Square on Monday. Dave Sanders for The New York

Times
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Federal Government: A mandate for the vast majority of federal
workers applies to employees of the executive branch, including the White
House and all federal agencies and members of the military.

City Workforces: Some major cities — New York City, Los Angeles and

SEE MORE

At the Erie County Medical Center in Buffalo, 20 percent of staff at its affiliated nursing
home, Terrace View, were placed on unpaid leave on Monday for refusing to get
vaccinated, a spokesman said. The hospital said it was doing its best to make up for the
reduction by transferring staff in from other facilities, reducing beds at the nursing home
and suspending some elective surgeries at the hospital.

The medical center had been predicting 400 staff departures, but in the end, only 276
unvaccinated workers were placed on leave. Still, the facility remained in crisis mode,
because in the weeks before the mandate came into effect, the hospital already had 400
job vacancies and a record number of patients.

The hospital was having trouble, said Tom Quatroche, its president, because it could not
discharge patients to nursing homes and rehab centers that were experiencing their own
staff shortages.

In Albany, the Albany Medical Center said that about 200 employees of 11,000 had failed to
get their first shot or seek an exemption. They were suspended without pay, and will be
fired after seven days if they don’t change course.

Across the nation, hospital officials are making similar bets that mandates will push staff
members to get vaccinated.

At Methodist Hospital in Houston, one of the first hospitals to impose a vaccine
requirement, 153 out of 25,000 employees were fired or resigned, and about 600 more
received medical or religious exemptions. Henry Ford Health System in Detroit got its
vaccination rate up to 98 percent after implementing a mandate, according to senior
leaders at the organization.

“We’re seeing in a lot of places that this is working, it’s effective,” said Jen Psaki, the
White House press secretary, as she expressed Mr. Biden’s support for New York’s
mandate at a press briefing on Monday.
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In the Bronx, Dr. Eric Appelbaum, the chief medical officer at St. Barnabas Hospital, said
that some unvaccinated employees who had been anxious about getting the shot had
simply put the matter out of their minds — until the mandate made it impossible to ignore
any longer.

As recently as last Wednesday, more than 20 percent of the hospital’s roughly 3,000 staff
members had yet to get their first dose. By Tuesday, just 3 percent remained
unvaccinated, hospital officials said.

The last-minute rush largely took place out of view, Dr. Appelbaum said. Though some
employees went to a hospital-run clinic to get their vaccines, many of the holdouts got
them at chain pharmacies.

Of the 88 employees at St. Barnabas who remained unvaccinated, 23 had medical
exemptions or pending requests for religious exemptions, a hospital spokesman, Steven
Clark, said.

Those without exemptions had been removed from the work schedule and had until 6 a.m.
on Monday to get vaccinated, Dr. Appelbaum said, before being “put into a category of
having voluntarily resigned.”

“I did not think it would be this good,” he said of the hospital’s vaccination rate, which he
had worried wouldn’t reach 90 percent.

Still he marveled that some employees who had worked through the height of New York’s
epidemic — when a refrigerated trailer serving as a makeshift morgue was parked outside
the hospital — would forgo the vaccine.

“The human brain has a real ability to shut that stuff out,” he said.

Daniel E. Slotnik contributed reporting.

Gov. Kathy Hochul spoke on Monday at the Bay Eden Senior Center, which offered
coronavirus vaccines. Dave Sanders for The New York Times
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EXECUTIVE SUMMARY 

In 2016, the U.S. Department of Health and Human Services (HHS) finalized its Guidelines for Regulatory 
Impact Analysis (hereafter Guidelines) under the leadership of its Assistant Secretary for Planning and 
Evaluation (ASPE) and Analytics Team. In Chapter 3, “Assess Benefits,” the Guidelines discuss the 
approach used to value mortality and morbidity risk reductions, commonly referred to as the value per 
statistical life (VSL) and the value per statistical case (VSC) respectively.  
 
Valuing risk reductions associated with regulations or other policies that address the novel coronavirus 
disease 2019 (COVID-19) presents major challenges, however. This paper addresses these challenges. 
We summarize the impacts of COVID-19 on health and longevity, describe the conceptual framework for 
valuation, investigate the available valuation research, and discuss the implications. We recognize that 
the impact of the virus is rapidly evolving and that new data are continually emerging. Our focus is on 
developing and illustrating an approach for estimating the value per expected death or nonfatal case 
averted, that can be adapted to changing circumstances as needed. 
 
Background 
In benefit-cost analysis, the value of an improvement, such as a decrease in mortality or morbidity risk , 
is typically based on individual willingness to pay (WTP). In other words, the value is derived from how 
much money affected individuals would exchange for a risk reduction they expect to experience, given 
their budget constraints and preferences for spending on other goods and services. Generally, changes in 
mortality risks are valued separately from changes in morbidity risks, due in part to limitations in the 
available empirical work. 
 
These WTP estimates are described as estimates of the value per statistical life (VSL) when valuing 
expected changes in mortality risk. The VSL terminology is frequently misinterpreted, however. VSL is 
not the value that the analyst, the researcher, or the government places on saving an individual from 
certain death. Rather it reflects research on the extent to which individuals are willing to exchange 
money for small changes in their own risks within a defined time period. The benefit of a reduction in 
mortality risk can be calculated by multiplying VSL by the expected number of deaths averted by a 
regulation or other policy. 
 
The 2016 Guidelines recommend low, central, and high population-average VSL estimates for use in HHS 
regulatory impact analyses (hereafter referred to as HHS’s VSL estimates). These estimates are derived 
from a criteria-driven review of the empirical literature (Robinson and Hammitt 2016). The Guidelines 
also suggest that analysts conduct sensitivity analysis when the regulation or other policy largely affects 
mortality risks among the very old or very young. This sensitivity analysis is based on constant value per 
quality-adjusted life year (QALY) estimates derived from HHS’s VSL estimates. The value per QALY that 
results is then multiplied by the expected change in QALYs attributable to the regulation, leading to 
higher values per expected death averted for younger individuals and lower values for older individuals. 
The derivation of the value per QALY involves dividing the estimated VSL by the discounted expected 
QALYs for a person of average age, and therefore depends on the discount rate. Government-wide 
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guidance indicates that regulatory analyses should be conducted using both 3 percent and 7 percent 
rates. The resulting estimates are provided in Table ES.1, updated to reflect 2020 dollars and income 
levels.  
 
Table ES.1 HHS VSL and Value per QALY Estimates (2020 dollars and income levels) 

 VSL Estimate Value per QALY 
3 percent discount rate 

Value per QALY 
7 percent discount rate 

Low $5.3 million $270,000 $450,000 
Central $11.4 million $580,000 $970,000 

High $17.4 million $880,000 $1,470,000 
 
Conceptually, the approach for valuing nonfatal risk reductions is similar; WTP estimates are converted 
into the value per statistical case (VSC). HHS policies affect a wide range of nonfatal health conditions 
that vary in severity, duration, and other characteristics. Given this diversity, the Guidelines provide a 
framework for estimating these values rather than recommending specific values. Analysts should first 
review the literature to determine whether suitable WTP estimates of reasonable quality are available 
for the nonfatal risk reductions of concern. If not, the Guidelines recommend that analysts use 
monetized QALYs as a proxy. The constant value per QALY (see Table ES.1 above) is multiplied by the 
expected change in QALYs to estimate the value per nonfatal case. Regardless of whether WTP or 
monetized QALY estimates are used for valuation, costs that are not included in these estimates can be 
added to reflect the total impact of the health condition on social welfare, as discussed in more detail in 
Chapter 3 of the Guidelines. 
 

Valuing COVID-19 Mortality Risk Reductions 
The VSL estimates recommended in the HHS Guidelines reflect population-average values. Those whose 
COVID-19 mortality risks are likely to be most affected by HHS regulations or other policies may differ 
from the general population in numerous respects, including their age, underlying health status, and 
other characteristics. Similar to deaths from all causes, COVID-19 deaths have been concentrated among 
the elderly. While the population aged 65 and over comprises a minority of the United States population 
(16.3 percent), this group accounted for most (81.0 percent) of the deaths for which COVID-19 was 
listed among the causes as of January 2021. COVID-19 deaths also appear to be largely among 
individuals whose health is otherwise impaired; the available data suggest that 96 percent of those who 
have died with COVID-19 have one or more underlying health conditions.  
 
In addition, deaths associated with COVID-19 appear to have occurred disproportionately among 
individuals with certain demographic and socioeconomic characteristics. This variation likely results from 
differences in exposure as well as health status and other factors. Deaths have occurred 
disproportionately among males, and lower-income populations may be more vulnerable. Researchers 
have also identified disproportionately high rates of COVID-19 mortality in certain communities and 
disparities by race, ethnicity, and other factors. 
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The characteristics of COVID-19 mortality risks also differ from the characteristics of the more common 
and familiar risks frequently considered in the valuation studies that underlie HHS’s VSL estimates. 
These studies largely address accidental deaths, particularly those associated with job-related injuries. 
COVID-19 deaths may be preceded by severe symptoms, including fever, shortness of breath, high 
respiratory rate, and cough. Patients are often admitted to an intensive care unit (ICU) and put on 
mechanical ventilation, which requires that they be placed in a medically induced coma. The median 
duration of illness between symptom onset and death in the United States appears to have been 
between 13 and 17 days.  
 
The novelty of COVID-19 also has implications for how these risks are perceived. COVID-19 risks may be 
more dreaded as well as more unfamiliar and uncertain than more common risks. Patients may need to 
be isolated from family members during treatment due to infectiousness. The values placed on risks of 
the same magnitude may vary depending on their causes and other characteristics due to these types of 
psychological or emotional responses. Thus individuals may value reducing their risk of dying from 
COVID-19 differently than they value reducing the risk of dying from another cause, even if the risk 
reduction is 1-in-10,000 in both cases. 
 
Research on the value of reducing COVID-19 mortality risks is ongoing and there is no consensus on how 
to best estimate these values. Thus, we follow the benefit transfer framework discussed in Chapter 3 of 
the HHS Guidelines and explore the effects of differences between COVID-19 mortality risks and the 
more common and familiar risks that underlie HHS’s VSL estimates. 
 
The research that provides the basis for the recommended HHS VSL estimates includes six revealed 
preference studies and one meta-analysis that address the tradeoff between occupational risks and 
wages, and three stated preference studies that elicit WTP for risks from food-related illnesses, motor 
vehicle accidents, and other causes. All ten of these studies include the general adult U.S. population, 
although the wage-risk studies are limited to those who are employed. 
 
In contrast, as indicated by the above discussion, COVID-19 affects individuals with characteristics that 
differ from those of the average member of the population, including age, health status, and income. 
The characteristics of COVID-19 risks also differ from the risks included in these studies, including 
morbidity prior to death, qualitative risk attributes, and the magnitude of the risk change.  
 
Both theory and empirical research suggest that the extent to which the recommended HHS VSL 
estimates should be adjusted to reflect these differences is highly uncertain. In Table ES.2, we 
summarize the effects of differences between the COVID-19 context and the contexts considered in 
developing the HHS population-average VSL estimates. As indicated by the table, these effects may be 
counterbalancing to an unknown extent. 
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Table ES.2 Potential Direction of Effect 
Differences between COVID-19 and Risks Commonly Studieda Effect on HHS VSL Estimatesb 

Individual characteristics 
1. Disproportionately affects the elderly May decrease VSL 
2. Disproportionately affects those in impaired health May increase or decrease VSL 
3. Reduces income below pre-pandemic levels May decrease VSL 
Risk characteristics 
1. Involves more substantial morbidity prior to death May increase VSL 
2. Viewed as more dreaded and uncertain May increase VSL 
3. May involve a larger risk change May decrease VSL 

a. Assumes COVID-19 mortality risk reductions attributable to the regulation or other policy will follow the same patterns as 
incurred cases to-date. 
b. Compared to HHS population-average VSL estimates. Because the magnitude of these effects is uncertain, it is unclear 
whether in combination the net effect will be an increase or decrease. 
 
Many of these differences may be best addressed through qualitative discussion, given gaps and 
inconsistencies in the available empirical VSL research. Where quantitative adjustment is possible, it 
should be included in sensitivity analysis rather than featured in the primary results to highlight 
associated uncertainties. In particular, as discussed earlier, if the mortality risks disproportionately affect 
the very old or the very young, analysts should include the standard sensitivity analysis recommended in 
Chapter 3 of the HHS Guidelines, applying a constant value per QALY to adjust for age.  
 
Analysts will also need to consider the extent to which the attributes explored here are relevant to a 
specific analysis. Different policies may affect mortality among different population subgroups and may 
vary in the disease characteristics they affect. The availability of vaccines and the emergence of new 
variants may also affect the incidence and characteristics of COVID-19 deaths. 
 
One question that arises in the COVID-19 and other contexts is whether and how to include preferences 
for mortality risk reductions that accrue to others, such as those related to the risk of infecting family 
members or members of the broader community. Presumably, all risk reductions would be included in 
the risk assessment and valued using the VSL estimates discussed above, including both the risk change 
accrued by those initially infected and those whom they subsequently infect. The question is whether 
the VSL estimates should be adjusted to reflect concerns about infecting other people. 
 
The review that underlies the HHS VSL estimates (Robinson and Hammitt 2016) includes only studies 
that provide estimates of individual WTP for reductions in their own risks, excluding studies that address 
individual WTP for risk reductions that accrue to others. This approach is consistent with the overall 
benefit-cost analysis framework, which assumes that the individual is the best or most legitimate judge 
of his or her own welfare. The appropriate treatment of altruism and other types of other-regarding 
preferences raises difficult conceptual and empirical issues that have not been resolved. Hence concerns 
about the risks potentially imposed on others are generally addressed qualitatively. 
 
In sum, for policies that address COVID-19 mortality, we suggest that analysts: 
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 Apply the central, high, and VSL estimates recommended in the HHS Guidelines; 
 Conduct sensitivity analysis when policies disproportionately affect the very young or very old, 

by applying the value per QALY estimates recommended in the HHS Guidelines. 
 Discuss individual and risk attributes that may affect these values qualitatively or explore them 

in sensitivity analysis, based on the information provided in this report and elsewhere.  
 
This approach is necessitated in part due to limitations in the existing VSL literature and in part due to 
the lack of valuation research that explicitly addresses COVID-19 mortality risk reductions. We are 
hopeful that such research will begin to emerge soon, in which case the review and recommendations 
in this report can be updated. Regardless, it is unlikely that a “one-size-fits-all” VSL for COVID-19 policies 
will result, given that different policies will have differing effects. 
 
Valuing COVID-19 Morbidity Risk Reductions 
The substantial variation in symptoms across nonfatal COVID-19 cases is increasingly apparent, and 
additional information on these symptoms is continuing to emerge. Because WTP studies have not yet 
been completed for nonfatal cases of COVID-19, we develop a categorization scheme that can be used 
to compare COVID-19 symptoms to those of other illnesses. We recognize that the approach to 
categorization will need to be refined as more data become available. In addition, the incidence and 
characteristics of COVID-19 morbidity may change as new variants emerge and as a larger proportion of 
the population is vaccinated. The approach may also require adjustment to reflect the impacts of a 
specific regulation or other policy. 
 
The true number of U.S. COVID-19 cases is not known and is underreported for various reasons, 
including the lack of universal testing. Individuals with asymptomatic or mild infections are less likely to 
be tested or receive medical care and thus are less likely to be included in COVID-19 reporting systems. 
Conversely, individuals with more severe disease are much more likely to seek care and to be tested and 
identified as infected.  
 
The distribution of reported nonfatal cases by age appears to differ from the distribution of reported 
fatalities, based on data available as of January 2021. While reported fatalities occurred 
disproportionately among the elderly, reported nonfatal cases occurred more frequently among adults 
age 18 to 64. However, this result may in part reflect patterns in exposure and in reporting, which are 
likely to change over time.  
 
As is the case for COVID-19 deaths, those who experience more severe symptomatic nonfatal illness 
appear to often have underlying health impairments, such as diabetes, heart disease including 
hypertension, and chronic lung disease. Nonfatal cases also appear to be more common among 
individuals with certain socioeconomic characteristics, which again may reflect differences in exposure 
as well as other factors.  
 
Some individuals infected with SARS-CoV-2 (the pathogen that causes COVID-19) may not experience 
any symptoms. Symptomatic COVID-19 cases can be categorized as mild, severe, and critical, with most 

AR-04186

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 141 of 275   PageID 4727Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 141 of 275   PageID 4727



9 
 

identified cases fitting into the mild category. The symptoms within each category are generally similar 
across age groups. However, most cases documented among younger populations are less severe than 
those among older populations. 
 
As a starting point for valuation, in Table ES.3 we provide a categorization scheme for symptomatic 
nonfatal cases based on the data available as of January 2021. We recognize that this approach reflects 
an oversimplification and that explicit assessment of associated uncertainties is essential. We describe 
each acute and post-acute phase of the disease for mild, severe, and critical cases, note similar diseases 
that we use as proxies for valuation, and provide estimates of typical duration, based on review of the 
available literature. While we do not include asymptomatic cases at this time, some evidence is now 
emerging that suggests that cases that are initially asymptomatic or mildly symptomatic may ultimately 
lead to impaired health over the longer run. Continued review of the emerging research is needed to 
determine whether and how to refine this approach.  
 
Table ES.3 COVID-19 Phases, Similar Diseases, and Durations for Symptomatic Cases 

Severity 
Category COVID-19 Phase Similar Proxy Disease Typical 

Duration 
Mild 
case 

 Mild acute phase 
 Mild post-acute 

phase 

 Influenza 
 Chronic obstructive pulmonary disease 

 10 days  
 15 days 

Severe 
case 

 Mild acute phase 
 Severe acute phase 
 Severe post-acute 

phase  

 Influenza 
 Influenza with respiratory complications 
 Chronic obstructive pulmonary disease  

 7 days 
 6 days 
 50 days  

Critical 
case 

 Mild acute phase 
 Critical acute phase 

 
 Critical post-acute 

phase 

 Influenza 
 Sepsis, conditions requiring involving acute respiratory 

failure, prolonged mechanical ventilation. 
 Chronic health states associated with sepsis, 

conditions involving acute respiratory failure, 
conditions requiring prolonged mechanical ventilation. 

 7 days  
 12 days 

 
 Remaining 

lifetime 

Note: The information in this table is provided as a starting point for the valuation research discussed in this paper and is used 
to illustrate the results. It will require refinement as more data on COVID-19 morbidity become available.  
 
The conceptual framework for valuing morbidity risk reductions is similar to the framework for valuing 
mortality risk reductions described above. In this case, however, we are interested in an individual’s 
willingness to exchange income (or wealth) for changes in his or her own risk of nonfatal illnesses. We 
expect these values to vary depending on the characteristics of the individuals and of the risks, including 
the characteristics discussed in the VSL context previously. 
 
A major challenge in this case, however, is that base values are not available for the nonfatal risks of 
concern. Hence, we conduct a criteria-driven review to develop estimates for nonfatal COVID-19 cases. 
We first review the WTP literature for nonfatal illnesses with symptoms similar to those of COVID-19, 
focusing on the proxy diseases listed above in Table ES-3: influenza, chronic obstructive pulmonary 
disease (COPD), sepsis, conditions involving acute respiratory failure, and conditions requiring prolonged 
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mechanical ventilation. We find very few WTP studies that address these conditions, providing only 
limited insight into the value of reducing these risks. 
 
We next review the QALY literature for the same conditions, focusing on health-related quality of life 
(HRQL) estimates for nonfatal cases. While this literature is also limited, it is substantially more 
extensive than the WTP literature and provides more insight into these values. We develop illustrative, 
population-average estimates for individuals at different ages based on HRQL and duration estimates 
from the literature and HHS’s estimates of the value per QALY (reported above in Table ES.1). We find 
that the value of averting a nonfatal statistical case of COVID-19 for an individual age 40 may be about 
$8,000 for mild cases, $18,000 for severe cases, and $1.8 million for critical cases. These estimates 
provide indicators of the likely magnitude of the values, but rest on several simplifying assumptions.  
 
Given these uncertainties, these estimates should be used only to illustrate the potential magnitude of 
the benefits associated with averting nonfatal cases. They should be accompanied by both qualitative 
discussion and quantitative analysis of uncertainty based on the information provided in this paper and 
in other sources, following the general approaches for assessing uncertainty described in Chapter 6 of 
the HHS Guidelines. The quantitative assessment should include investigation of uncertainty in both the 
HRQL and the duration estimates as well as in the monetary value per QALY. In addition, these values 
should be updated to reflect new information on the characteristics of nonfatal COVID-19 cases and 
tailored to the effects of the specific regulation or other policy under consideration. 
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CHAPTER 1: INTRODUCTION 

In 2016, the U.S. Department of Health and Human Services (HHS) finalized its Guidelines for Regulatory 
Impact Analysis (hereafter Guidelines) under the leadership of its Assistant Secretary for Planning and 
Evaluation (ASPE) and Analytics Team. The Guidelines discuss how to value mortality and morbidity risk 
reductions when assessing the impacts of HHS regulations and other policies, relying on estimates of the 
value per statistical life (VSL) for expected changes in fatalities and the value per statistical case (VSC) for 
expected changes in nonfatal illnesses.  
 
Valuing risk reductions associated with regulations or other policies that address the novel coronavirus 
disease 2019 (COVID-19) presents major challenges, however. Some of these challenges reflect 
uncertainties related to the impacts of the disease, including the characteristics of the individuals most 
likely to be affected and its symptoms and duration. Other challenges relate to gaps and inconsistencies 
in the available valuation research.  
 
In this paper, we explore these issues, building on the HHS Guidelines. We summarize the data currently 
available on the effects of COVID-19, describe the conceptual framework for valuation, investigate the 
available empirical research, and discuss the implications. We recognize that the impact of the virus is 
rapidly evolving and that new data are continually emerging, and focus on developing and illustrating an 
approach that can be adapted to changing circumstances as needed. 
 
This chapter summarizes the approaches for valuing mortality and morbidity risk reductions discussed in 
the HHS Guidelines then provides an overview of the remainder of the paper. Throughout, we assume 
that readers are familiar with the Guidelines and focus on highlighting key issues that arise when 
addressing COVID-19 regulations and policies. 
 
1.1 HHS Valuation Approach 

The Guidelines address the analysis of major HHS regulations, as required by Executive Order 12866 
(Clinton 1993) and Executive Order 13563 (Obama 2011), and by implementing guidance from the U.S. 
Office of Management and Budget (OMB 2003). In Chapter 3, “Assess Benefits,” the Guidelines discuss 
the approach for valuing mortality and morbidity risk reductions. In addition to summarizing this 
approach below, we report updated values expressed in 2020 dollars (at 2020 income levels).1  
 
In benefit-cost analysis, the value of an improvement, such as a decrease in the risk of dying or 
becoming ill, is typically based on individual willingness to pay (WTP). In other words, the value is 
derived from the maximum amount of money affected individuals would exchange for the risk reduction 
they would experience, given their budget constraints and preferences for spending on other goods and 
services.  
 

 
1 Appendix D to the HHS Guidelines (HHS 2021) describes the process for adjusting these values in detail and 
provides updated estimates. 
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By convention, these WTP estimates are converted to VSL estimates when valuing expected changes in 
the number of deaths. The VSL terminology is frequently misinterpreted, however. VSL is not the value 
that the analyst, the researcher, or the government places on saving an individual from certain death. 
Rather it reflects estimates of the amount of money individuals are willing to exchange for small changes 
in their own risks within a defined time period. People make many such decisions in their day-to-day 
lives, for example when choosing how to balance job-related risks and wages or whether to pay more 
for a safer car. 
 
If on average a member of the U.S. population is willing to pay $1,000 for a 1 in 10,000 reduction in their 
own mortality risk in a given year, the equivalent VSL can be calculated by dividing individual WTP by the 
risk change: 
 

$1,000 WTP ÷ 1/10,000 risk change 
= $10.0 million VSL 

 
In other words, a population-average VSL of $10 million indicates that the typical individual is willing to 
pay $1,000 to decrease his or her chance of dying in a given year by 1 in 10,000.  
 
The value to a population is calculated by summing individual WTP across those affected. If an 
intervention would reduce mortality risk by 1 in 10,000 to each of 10,000 individuals, and if each is 
willing to pay $1,000 for a 1 in 10,000 change in his or her own risk, the total value is $10 million (10,000 
x $1,000) and one fewer person would be expected to die that year (10,000 x 1/10,000). 
 
The Guidelines recommend low, central, and high VSL estimates for use in HHS regulatory impact 
analyses, based on a criteria-driven review reported in Robinson and Hammitt (2016). That review 
follows the benefit transfer framework (at times referred to as “value” transfer) discussed in Chapter 3 
of the HHS Guidelines. The authors identify six revealed preference studies and one meta-analysis that 
meet the criteria, all of which consider the tradeoff between occupational risks and wages. They also 
identify three stated preference studies that meet the criteria, which elicit WTP for reducing mortality 
risks associated with food-related illnesses, motor vehicle accidents, and other causes.2 In combination, 
these studies lead to VSL estimates ranging from $4.2 million to $13.7 million with a mid-point of $9.0 
million, in 2013 dollars at 2013 income levels. HHS uses these values as the basis of its population-
average low, high, and central VSL estimates respectively. 
 
As discussed in more detail in the HHS Guidelines, these estimates must be updated annually to reflect 
the effects of inflation in previous years as well as historic and predicted future changes in real income. 
Table 1.1 reports the values in 2020 dollars at 2020 income levels. 
 

 
2 The revealed preference studies include Viscusi (2004); Kniesner and Viscusi (2005); Hersch and Viscusi (2010); 
Lee and Taylor (2013); Scotton (2013); and Viscusi (2013). The meta-analysis is Viscusi (2015). The stated 
preference studies include Corso, Hammitt, and Graham (2001); Hammitt and Haninger (2010); and Cameron and 
DeShazo (2013). 
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Table 1.1 HHS Population-Average VSL Estimates 
 2013 dollars and income levels 2020 dollars and income levels 

Low $4.2 million $5.3 million 
Central $9.0 million $11.4 million 

High $13.7 million $17.4 million 
Source: HHS Guidelines Appendix D (HHS 2021) 
 
The HHS Guidelines also suggest that analysts conduct sensitivity analysis when the regulatory or other 
policy disproportionately affects mortality risks among those who are much older or younger than the 
average member of the population. This sensitivity analysis is based on values per quality-adjusted life 
year (QALY) derived from the VSL estimates. The derivation of these values assumes that the 
population-average VSL reflects the present value of expected future life years for the average individual 
included in the underlying studies (assumed to be age 40), adjusted for expected health-related quality 
of life (HQRL) at each age. The resulting constant value per QALY is then multiplied by the present value 
of the change in expected future QALYs for those individuals affected by the policy.  
 
The HHS value per QALY estimates for 2020 are provided in Table 1.2, based on the 2020 VSL estimates 
in Table 1.1. These estimates vary depending on the discount rate used when calculating present values; 
the HHS Guidelines as well as OMB (2003) require that regulatory analyses be conducted using both 3 
percent and 7 percent rates. 
 
Table 1.2 HHS Value per QALY Estimates (2020 dollars and income levels) 

 VSL Estimate Value per QALY 
3 percent discount rate 

Value per QALY 
7 percent discount rate 

Low $5.3 million $270,000 $450,000 

Central $11.4 million $580,000 $970,000 

High $17.4 million $880,000 $1,470,000 
Source: HHS Guidelines Appendix D (HHS 2021) 
 
Due to inconsistencies and gaps in the underlying research, this approach relies on several simplifying 
assumptions related to the effects of age and life expectancy on VSL, as discussed in more detail later in 
this paper. 
 
Conceptually, the approach is similar when valuing nonfatal cases of illness. Estimates of individual WTP 
are converted to value per statistical case (VSC) estimates. However, for nonfatal illnesses, the 
Guidelines do not recommend specific values. HHS policies potentially affect a wide range of nonfatal 
health conditions that vary in severity, duration, and other characteristics. The Guidelines instead 
provide a framework for estimating these values.  
 
Analysts should first review the literature to determine whether suitable WTP estimates of reasonable 
quality are available for the nonfatal risk reductions of concern. If not, the Guidelines recommend that 
analysts use monetized QALYs as a proxy. In this case, a constant value per QALY is multiplied by the 

AR-04191

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 146 of 275   PageID 4732Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 146 of 275   PageID 4732



14 
 

expected change in QALYs to estimate the value per statistical case averted. The expected change in 
QALYs in this context is derived by multiplying the change in HRQL associated with the change in risk by 
its duration.  
 
Regardless of whether WTP or monetized QALY estimates are used for valuation, costs that are not 
included in these estimates can be added to reflect the total impact of the health condition on social 
welfare. These costs typically include those incurred by third parties rather than by the affected 
individual, such as medical costs covered by insurance and caregiving provided by friends and family. 
See Guidelines Chapter 3 for more discussion. 
 
1.2 Overview of Following Chapters 

The remainder of this paper discusses the application of these Guidelines to reductions in COVID-19 
mortality risk (in Chapter 2) and morbidity risk (in Chapter 3), considering possible adjustments and 
approaches for addressing uncertainty. In each chapter, we first discuss the characteristics of COVID-19 
risks based on the data available as of January 2021, including the characteristics of those most likely to 
be affected and of the disease itself. We then address valuation of these risks, including theoretical 
expectations and empirical research findings. 
 
We are writing this paper at a time when the context for these analyses is evolving rapidly, due to 
emerging scientific research, changes in the virus itself, and the availability of vaccines. The COVID-19 
data that we provide at the beginning of each chapter is historical and provided largely for context.  
 
The impacts of a specific regulation or other policy will vary from what is seen in these data for several 
reasons. First, analysts will have access to updated data on COVID-19 incidence and impacts. Second, as 
discussed in Chapter 2 of the HHS Guidelines, regulatory analyses focus on realistic incremental changes. 
They predict conditions with and without implementation of a specific policy, rather than comparing 
hypothetical scenarios such as conditions with and without any COVID-19 incidence. Third, an individual 
regulation or alternative policy may focus on risks among certain population subgroups or on specific 
disease attributes rather than addressing all cases nationally. For example, some policies may address 
COVID-19 risks among young children or the elderly, focusing on practices in childcare centers or nursing 
homes. Others may affect a subset of disease characteristics, for example by encouraging treatments or 
other interventions that reduce disease severity or mortality rates without affecting overall incidence.  
 
Most importantly, the availability of vaccines is profoundly altering the disease trajectory, including the 
baseline conditions to which a policy is compared and the likely impacts of a policy over time. For 
example, in the near-term (i.e., in the Spring of 2021) deaths will likely decrease more rapidly among the 
elderly and others for whom vaccination is a high priority; while over the longer run deaths among all 
age groups are expected to decrease.   
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CHAPTER 2: VALUING COVID-19 MORTALITY RISK REDUCTIONS 

In this chapter, we provide data on COVID-19 mortality risks, including the characteristics of the 
individuals affected and the risks themselves. We then discuss how these characteristics may influence 
the values placed on reductions in these risks. 
 
2.1 Characteristics of COVID-19 Mortality Risks 

According to the Centers for Disease Control and Prevention (CDC), as of January 21, 2021 there had 
been 404,689 U.S. deaths involving COVID-19 (CDC 2021a). COVID-19 was a leading cause of death in 
2020, ranking behind only heart disease and cancer according to initial estimates (Woolf et al. 2021; Koh 
et al. 2021). 
 
Similar to deaths from all causes, these deaths have been concentrated among the elderly, as 
summarized in Table 2.1.3 While the population aged 65 and over comprises a minority of the United 
States population (16.3 percent), this group accounts for most (81.0 percent) of the deaths for which 
COVID-19 was listed among the causes. Similarly, most (73.2 percent) deaths not involving COVID-19 are 
among this age group. Researchers using alternative estimation methods also find that excess deaths 
due to COVID-19 are concentrated among the elderly (National Center for Health Statistics 2021). 
  
Table 2.1 Distribution of U.S. Population and Deaths by Age Group 

Age Group U.S. Populationa 
Deaths by Cause 

Involving COVID-19b 
Deaths by Cause 

Not involving COVID-19b 

0–14 18.7% <0.1% 0.9% 
15–24 13.0% 0.2% 2.4% 
25–34 13.9% 0.7% 3.3% 
35–44 12.7% 1.7% 4.5% 
45–54 12.6% 4.7% 10.3% 
55–64 12.9% 11.7% 12.0% 
65–74 9.7% 21.3% 11.3% 
75–84 4.8% 27.6% 29.0% 

85+ 1.8% 32.1% 32.9% 
Total 100.0% 100.0%c 100.0%c 

Detail may not add to total due to rounding.  
a. 2019 data from “Age and Sex Composition in the United States: 2019,” U.S. Census Bureau, as viewed June 21, 2020. 
https://www.census.gov/data/tables/2019/demo/age-and-sex/2019-age-sex-composition.html. The total estimated population 
was 324,356,000. 
b. January 1, 2020 through January 16, 2021 data from “Provisional COVID-19 Death Counts by Sex, Age, and State,” National 
Center on Health Statistics, U.S. Centers for Disease Control and Prevention, as viewed January 21, 2021. 
https://data.cdc.gov/NCHS/Provisional-COVID-19-Death-Counts-by-Sex-Age-and-S/9bhg-hcku.  Deaths involving COVID-19 
totaled 347,131 and deaths not involving COVID-19 totaled 2,982,776 over this time period. 
 

 
3 The preceding paragraph provides a more recent and hence higher count than the table (as of January 21 rather 
than January 16); the lag results because detailed data reported in Table 2.1 take longer to process. 
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COVID-19 deaths appear to have been largely among individuals with underlying health conditions. Only 
about half of all deaths involving COVID-19 reported to CDC included data on underlying health status. 
However, these data show that the vast majority of individuals (96 percent) who died with COVID-19 
have one or more underlying health conditions (Stokes et al. 2020).4 In the absence of COVID-19, the life 
expectancy of individuals who have characteristics similar to those who have died with COVID-19 may 
be lower than the life expectancy of others at the same age due to the presence of underlying health 
conditions (Briggs et al. 2020). European data suggest that their life expectancy  may be approximately 
20 percent lower on average(Hanlon et al. 2021). 
 
Deaths associated with COVID-19 also appear to occur disproportionately among individuals with certain 
demographic and socioeconomic characteristics. This variation likely results from differences in 
exposure as well as health status and other factors. Deaths occur disproportionately among males 
(Stokes et al. 2020). Lower-income populations may be more vulnerable. For example, Raifman and 
Raifman (2020) find that individuals with household income less than $25,000 were more likely to be at 
higher risk of severe illness from COVID-19.  
 
The impacts also vary across race and ethnic groups. For example, McLaren (2020) finds that county 
COVID-19 mortality rates are positively correlated with the share of the population identified as Black or 
African-American, Hispanic or Latino, Asian, and American Indian and Alaska Native in the U.S. Census. 
Similarly, Benitez et al. (2020) find that COVID-19 cases per capita are significantly correlated with the 
proportions of Black and Hispanic residents and that these differences explain much of the racial 
disparities in COVID-19 deaths. In a large retrospective cohort study of a Louisiana health system, Price-
Haywood et al. (2020) report that about 77 percent of hospitalized cases and about 71 percent of fatal 
cases were Black patients, although Black people represent only 31 percent of the total population. Gold 
et al. (2020) find that non-Hispanic Black patients were overrepresented in eight Georgia hospitals. Azar 
et al. (2020) similarly find that non-Hispanic Black patients were significantly more likely to become 
hospitalized than non-Hispanic white patients, even when controlling for other important factors.  
 
COVID-19 deaths may be preceded by extended periods of severe symptoms, including fever, shortness 
of breath, high respiratory rate, and cough (Bhatraju et al. 2020; Stokes et al. 2020). In the United 
States, as of January 2021, approximately 20 percent of hospitalized patients over the age of 50 with 
COVID-19 have been put on mechanical ventilation, which requires that individuals be placed in a 
medically induced coma (CDC 2021b). In addition to experiencing these symptoms, patients are 
generally isolated, dying without being surrounded by their loved ones. 
 
CDC (2021b) estimates that the median duration of illness between symptom onset and death in the 
United States is between 13 and 17 days. Duration is highly dependent upon care received. Less time 
will elapse among patients with do-not-resuscitate orders (Bhatraju et al. 2020) and those who do not 
receive intensive treatments due to low perceived chance of survival (Vincent and Taccone 2020).  

 
4 Data on underlying conditions for all cases (both fatal and nonfatal) indicates that the most common are diabetes 
(30 percent of individuals with reported health status), heart disease including hypertension (32 percent), and 
chronic lung disease (18 percent). 
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Estimates of deaths by cause are always uncertain due to difficulties in determining the cause and 
inconsistencies in reporting. Estimates of COVID-19 deaths are no exception. For example, most states 
and jurisdictions report confirmed and probable cases and deaths, while others report cases and deaths 
based on confirmatory laboratory evidence (CDC 2021c). At times, this discrepancy in reporting was 
magnified by limited testing capacity and accuracy (CDC 2021c). 
 
Even in the absence of widespread vaccination or changes in the virus itself, the distribution and 
characteristics of COVID-19 deaths would likely shift over time due to changes in exposure, treatment, 
and other factors as well as changes in reporting practices and in the models used for estimation. As 
noted earlier, the above data are provided as context for the discussion that follows. For any particular 
regulatory analysis, analysts will need to explore the data and other evidence available at the time of 
the analysis to estimate the expected incidence of deaths under baseline conditions and with the policy. 
 
2.2 Valuing COVID-19 Mortality Risks 

In this section, we explore differences between the COVID-19 mortality risks described above and the 
risks addressed by the studies that underlie HHS’s population-average VSL estimates, discussing the 
implications for valuation. We first address key differences between the individuals included in the VSL 
studies and the individuals most likely to be affected by COVID-19 regulations and policies. These 
include age, health status, and income. We next consider key differences between the risks addressed in 
the VSL studies and COVID-19 risks. These include morbidity prior to death, qualitative risk attributes, 
and the magnitude of the risk change. We conclude by exploring concerns related to incorporating 
other-regarding preferences (such as altruism) in the infectious disease context. As noted earlier, 
whether these differences are relevant to a specific analysis will depend on the characteristics of the 
regulation or policy under consideration, as well as on the extent to which baseline conditions change as 
a result of vaccinations and other developments. 
 
For each individual and risk attribute, we first discuss conceptual issues and theoretical expectations 
then summarize related empirical work, focusing on peer-reviewed research that addresses the U.S. 
population. While this discussion provides insight into the possible direction of the effects, the available 
data are insufficient to support quantitative adjustment in most cases for several reasons. First, 
empirical research on the implications of many factors is limited and often inconsistent, and the quality 
of the studies and their applicability to HHS regulations and policies varies. Second, this research does 
not directly address COVID-19. While research on other conditions provides useful information, it 
suggests that the factors we explore are likely to have counterbalancing effects in the COVID-19 context. 
Third, the available research focuses on diverse scenarios and populations and uses varying methods. It 
is unclear whether similar findings would emerge if the studies were more consistent with the 
approaches used in the studies that underlie the HHS estimates. Finally, as noted earlier, the extent to 
which each of these factors is relevant to a particular analysis will vary, depending on the population 
and risks addressed.  
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We expect new valuation research that specifically addresses COVID-19 mortality risks will be published 
in the future that will aid in addressing these issues.5 This section provides information that can be used 
in HHS regulatory analyses in the interim, without the benefit of this research. Because any individual 
study will have advantages and limitations, as new research becomes available it should be considered 
in combination with the studies discussed below and other research when assessing the implications for 
HHS regulatory analysis. More information on the factors to consider in reviewing this literature is 
provided in Chapter 3 of the HHS Guidelines. 
 
At minimum, the review that follows can be used to support qualitative discussion of associated 
uncertainties, using the approaches described in Chapter 6 of the HHS Guidelines. This review also may 
be useful to those conducting new valuation studies, identifying issues in need of further exploration. 
 

2.2.1 Individual Characteristics 

As introduced in Chapter 1, VSL estimates are generally derived from estimates of individual WTP for 
small risk changes within a defined time period. Conceptually, VSL measures the rate at which an 
individual would pay to increase his or her chance of surviving the current period, forgoing other 
consumption to reduce the chance of death (see Hammitt 2020). This means that VSL depends on both 
the benefits of survival and the opportunity cost of spending, which in turn depend on the individual’s 
characteristics and circumstances as well as his or her preferences. Larger benefits of survival increase 
VSL while a higher opportunity cost of spending decreases VSL. 
 
The benefit of surviving the current year depends on what the future promises. For example, conditional 
on surviving, the individual may expect a long or short life, good or poor health, or high or low income. 
By increasing the chance of surviving the year, the individual increases his or her chance of experiencing 
this uncertain future. The chances of experiencing specific future conditions differ between individuals 
and depend on factors such as age, gender, chronic health conditions, employment, and education. 
 
The opportunity cost of spending to reduce exposure to risk also depends on individual characteristics 
and circumstances over time. This opportunity cost is the utility forgone by reducing consumption of 
other goods and services, where utility is defined as the level of well-being. This opportunity cost is 
reasonably assumed to be smaller when wealth or income are larger.  
 
Below, we discuss three key differences between the individuals addressed by the studies that underlie 
the HHS VSL estimates and those who may be affected by COVID-19 regulations and policies given pre-
vaccine trends. These include age and the associated life expectancy, baseline health status, and income 
or wealth. As noted earlier, COVID-19 risks may also vary across genders and across race and ethnic 

 
5 A search of EconLit on February 12, 2021, did not identify any peer reviewed, published journal articles that 
report the results of primary research conducted in the U.S. that explicitly addresses COVID-19. The search focused 
on research published between March 1, 2020 and the search date, using the keywords “VSL” or “mortality risk” 
and “COVID.”  
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groups. We reference the HHS Guidelines on adjusting for age and life expectancy as well as changes in 
income, while noting that the effect of baseline health status is uncertain. 
 

2.2.1.1 Age and Life Expectancy 
The studies that underlie the HHS VSL estimates address the values held by working age adults. Some 
studies include older teens and many exclude those over age 62 or 65 (see Robinson and Hammitt 
2016). The VSL estimates highlighted by the study authors and used to develop the estimates featured in 
the HHS Guidelines are generally averages based on the full sample. Not all studies report the average 
age of those studied, but it appears to be around age 40. As discussed in section 2.1, those dying from 
COVID-19 have been substantially older, generally over 65. 
 
Conceptually, we expect VSL to vary with age over the lifecycle (see Hammitt 2020). One reason is that 
remaining life expectancy typically decreases with age. Because a younger person typically has more 
expected life years remaining if he or she survives the current year than does an older person, the 
benefit of surviving the current year can be smaller for the older person. This effect tends to cause VSL 
to fall with age.  
 
But life expectancy can also affect the opportunity cost of spending. A longer life expectancy can 
increase the risk of outliving one’s resources. If an individual will have no future income and must 
support herself or himself from existing wealth, the opportunity cost of spending increases with life 
expectancy. Any money that such an individual spends on reducing their mortality risk decreases the 
amount they have to spend on other goods and services, potentially affecting their quality of life 
adversely. If the effect of a short life expectancy on decreasing the opportunity cost of spending exceeds 
its effect on decreasing the benefit of surviving the current period, a shorter life expectancy can increase 
VSL. Alternatively, if the individual expects to have future income from employment, a pension, an 
annuity, or other sources, then the effect of life expectancy on the opportunity cost of spending is 
smaller or even reversed. In this case, the opportunity cost of spending can decrease with life 
expectancy. In combination with the effect of life expectancy on the benefit of surviving the current 
year, VSL should increase with life expectancy and hence decrease with age. 
 
Theoretical models tend to show that VSL rises in early adulthood, peaks in middle age, and then 
declines (e.g., Shepard and Zeckhauser 1984; Murphy and Topel 2006). Much of the empirical work that 
considers the trade-off between wages and risks across all workers also yields such an inverted-U 
pattern, although the rate of increase and decrease and the age at which VSL peaks varies (see Kniesner, 
Viscusi, and Ziliak 2006; Aldy and Viscusi 2007; Viscusi and Aldy 2007; Aldy and Viscusi 2008; Aldy 2019). 
A study of the types of automobiles that individuals own, which includes older individuals, finds a similar 
pattern (O’Brien 2018). In contrast, a series of wage-risk studies focused on older workers (age 51 and 
above and their spouses) finds that the VSL remains constant or increases with age (summarized in 
Evans and Smith 2006).  
 
Stated-preference research can address the relationships between age and VSL among individuals older 
or younger than working age or outside of the workforce for other reasons. A recent review (Robinson 
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et al. 2019) found that values for children generally exceed values for adults by a factor of 1.5 or more.6 
While some studies suggest that the divergence between child and adult values decreases as the child 
ages, this finding is not universal. For older adults, the stated-preference evidence is inconsistent. Some 
studies do not find statistically significant relationships with age, while others find that the VSL 
decreases among older individuals in varying patterns and amounts (Krupnick 2007). One study 
(Cameron, DeShazo, and Stiffler 2010) finds an inverted-U relationship, similar to many of the wage-risk 
studies. 
 
Robinson, Sullivan, and Shogren (2021) explore the effects of uncertainties in the age-VSL relationship in 
the COVID-19 context, comparing the effects of three approaches: (1) a population-average VSL; (2) a 
constant value per statistical life-year (VSLY); and (3) a VSL that follows an inverted-U pattern, peaking in 
middle age. Their first approach applies the 2019 HHS central population-average estimate ($10.6 
million) to all age groups. In the second approach, they divide that VSL by the expected present value of 
future life years at age 40 to derive a constant VSLY, using a 3 percent discount rate, then multiply that 
constant by the expected present value of future life years for each age group.7 In the third approach, 
they apply the inverted-U from the Aldy and Viscusi (2008) cohort-adjusted model, assuming that VSL at 
age 40 is the same as the HHS central population-average estimate. The Aldy and Viscusi study includes 
only working adults ages 18 to 62. Robinson, Sullivan, and Shogren assume the value is constant for ages 
18 and younger and 62 and older, reflecting uncertainty about the values outside the ages included in 
that study. Applied to the U.S. age distribution of COVID-19 deaths as of May 2020, Robinson, Sullivan, 
and Shogren find that these approaches result in average VSL estimates of $10.6 million, $4.5 million, 
and $8.3 million respectively.  
 
This illustrative comparison highlights the implications of uncertainties in the relationship between VSL 
and age, indicating that the findings of any analysis will depend on both the age distribution of those 
affected and the details of the approach used to adjust VSL for age. The use of a constant VSLY or value 
per QALY may better approximate the findings of the research on values for children, because it yields 
higher values at younger ages than does the application of a constant VSL or an inverted-U function. For 
older individuals, the use of either a constant VSLY or value per QALY, or an inverted-U, leads to lower 
values in comparison to the values for those in middle-age. While lower values among the elderly are 
consistent with some but not all of the empirical literature, the extent to which the values decrease is 
highly uncertain. 
 
Thus both theory and empirical research suggest the relationship between the population-average VSL 
and the VSL for older individuals affected by changes in COVID-19 mortality risks is uncertain. The 
sensitivity analysis recommended in the HHS Guidelines provides a useful illustration of the potential 

 
6 Because children are generally not treated as autonomous economic agents and have little or no wealth, the VSL 
for children is estimated as their parent’s WTP to decrease the child’s mortality risk. This is consistent with the fact 
that parents are authorized to make many decisions that shape the child’s wellbeing. 
7 This approach is similar to the constant value per QALY approach recommended in the HHS Guidelines. However, 
because quality of life generally declines with age, expected QALYs at each year of age are smaller than expected 
life years. As a result, dividing VSL by expected life years rather than expected QALYs leads to a smaller constant. 
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impacts, yielding values that decrease with age.8 That sensitivity analysis follows the intuition that lower 
VSL estimates may be applicable to older individuals because they have fewer expected life years 
remaining in comparison to the average member of the population. It provides only a rough 
approximation of the effects of age on VSL, however. More empirical research is needed to better 
understand the relationship between VSL and age or life-expectancy. 
 

2.2.1.2 Baseline Health Status 
As described earlier, the research that provides the basis for the HHS VSL estimates generally addresses 
the adult U.S. population, regardless of health status, although the wage-risk studies are limited to those 
healthy enough to work. In contrast, deaths from COVID-19 appear to occur disproportionately among 
those with underlying health conditions. However, the extent to which those dying are less healthy than 
others of the same age is uncertain.  
 
The impact of underlying health conditions on VSL depends on the relationship between the benefits of 
survival and the opportunity costs of decreasing spending on other goods or services. While the benefit 
of surviving is larger if future health is likely to be better, the opportunity cost of spending may vary with 
expected future health. If the utility gained by consuming goods and services increases with health, then 
better future health increases the opportunity cost of spending. If this effect is large enough, it may 
more than offset the higher benefit of survival, causing VSL to decrease with expected future health. 
 
For most goods and services, it seems reasonable to assume that the contribution of consumption to 
utility is larger, or at least not smaller, when health is better. Consistent with this assumption, Viscusi 
and Evans (1990), Sloan et al. (1998), and Finkelstein et al. (2013) find that the marginal utility of income 
is larger when health is better. The effect may be small or negligible over a wide range of health levels, 
but extremely poor health (e.g., being bed-ridden) precludes one’s ability to benefit from consuming 
many goods and services without increasing the benefit of consuming others. One important exception 
is that bad health increases the utility gain from consuming appropriate medical goods and services. If 
these expenses are not fully covered by insurance, poor health can increase the opportunity cost of 
spending, leading to a decrease in VSL. 
 
Current health has little or no effect on VSL, except through its implications for future health. In the 
extreme case of a current health state that is worse than dead, perhaps because of excruciating pain, 
increasing the chance of survival is still beneficial if future health is expected to be better than being 
dead and to persist long enough to make enduring the current condition worthwhile. 
 
As illustrated by the examples in this discussion, the effect of baseline health on VSL depends on the 
nature of any impairment. The data on the relationship between specific impairments and the likelihood 
of death from COVID-19 is evolving and involves a potentially large number of conditions with varying 

 
8 This sensitivity analysis should also be applied if the policy disproportionately reduces risks among children. Such 
sensitivity analysis is not needed if impacts follow the same age distribution as the overall population (with an 
average age around 40), because the results of applying a constant value per QALY will be the same as using the 
population-average VSL. 
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effects. This leads to difficulties in estimating the effects on the VSL, given that these effects will differ 
across health conditions. 
 
Regardless, the empirical research on the effect of health impairments on the VSL is limited and 
inconclusive, with mixed results. As noted above, the results depend on factors such as the nature and 
severity of the health condition (e.g., Alberini et al. 2004; DeShazo and Cameron 2005; Evans and Smith 
2008). Another complication is that health status is correlated with age, declining as one ages (e.g., 
Hanmer et al. 2006; Fryback et al. 2007). This correlation has made it difficult to separate the effects of 
age and health status in empirical work. Thus whether and how to adjust a population-average VSL to 
reflect differences in the health status of those affected by COVID-19 risk reductions is highly uncertain. 
 

2.2.1.3 Income 
As introduced in Chapter 1, the HHS Guidelines recommend updating VSL to reflect changes in 
population-average real income, reflecting the change in resources individuals have available to spend 
on risk reductions and other things. A key input into this adjustment is an estimate of the VSL income 
elasticity, which measures the extent to which WTP per unit of risk reduction is expected to change in 
response to an income change. It is typically expressed as the percentage change in the VSL associated 
with a one percent change in real income.9 The Guidelines recommend applying an elasticity of 1.0, 
using the change in real earnings to estimate income.10 
 
Income is important in the COVID-19 context because the COVID-19 epidemic and responses to it are 
reducing population-average earnings, taking into account the effects of unemployment and reduced 
labor force participation as well as shifts between fulltime and parttime work. Whether employment 
and earnings will continue to decrease, and whether and when they will return to pre-epidemic levels, is 
uncertain at this time. In addition, as noted previously, lower-income individuals may be 
disproportionately affected by COVID-19 risks, widening the gap between low- and high-income 
individuals. Those with limited incomes may be more vulnerable due to their underlying health status 
and access to health care services, and may find it more difficult to undertake protective measures. For 
example, they may live in more crowded conditions and may have a stronger need to continue working 
regardless of the safety of their commute and work environment.  
 
In the discussion that follows, we focus on the effects of COVID-19 on population-average earnings. HHS 
generally does not adjust the VSL to reflect income differences within the population, applying the same 
VSL to all groups. However, concern about the impacts on population subgroups emphasizes the need to 
consider the distribution of the impacts across those who are advantaged and disadvantaged as well as 

 
9 As discussed in more detail in Guidelines Chapter 3, the formula is VSL(year y) = VSL(year x) * (1+real income growth 
rate)elasticity*(y-x). 
10 The Guidelines also note that analysts may wish to experiment with different values if the estimates of net 
benefits are significantly affected by the elasticity estimate. Under normal conditions (in the absence of COVID-19), 
it seems unlikely that changes in the elasticity would substantially affect the analytic conclusions, however. In 
recent years, U.S. real earnings typically grew around 1 or 2 percent per year, leading to relatively small year-to-
year changes in VSL. See HHS Guidelines Appendix D for more information on this adjustment (HHS 2021). 
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the total net benefits, as required by OMB guidance (OMB 2003) and discussed in Chapter 7 of the HHS 
Guidelines.  
 
Ideally, the VSL income adjustment would be based on lifetime wealth rather than earnings and would 
consider all income sources. Conceptually, in the simplest case, imagine an individual who has no 
current or future income but must support herself or himself from existing wealth. The benefit of 
survival is larger if wealth is higher, because she or he can consume more and higher-quality goods and 
services. The opportunity cost of spending is smaller if wealth is higher. Combining these effects implies 
that VSL is larger when wealth is higher. 
 
VSL studies generally focus on earnings rather than wealth or total income, however, because earnings 
are more easily measured. VSL increases with expected future income as well as with wealth. When 
future income is higher, it increases the benefit of survival, because the individual can consume more. It 
also decreases the opportunity cost of spending because the individual need not save as much to spend 
in future periods (or can borrow more to spend in the current period). As for wealth, future income 
increases the benefit of survival and reduces the opportunity cost of spending, and so increases VSL. 
 
The sensitivity of VSL to a reduction in current income depends on the individual’s wealth and ability to 
borrow against future income. If she or he is cash-constrained (has little liquid wealth or ability to 
borrow), the opportunity cost of spending is higher, which decreases VSL. If the individual is not cash 
constrained, VSL should not be very sensitive to a temporary drop in current income. However, if 
current income falls because of unemployment, economic recession, onset of disability, or another 
factor that decreases expected future income, then VSL will decrease. This effect is largely due to the 
effect of expected future income on VSL. 
 
As summarized in Chapter 3 of the Guidelines and elsewhere, some research suggests that a one percent 
change in U.S. income leads to less than a one percent change in the VSL and other research suggests it 
leads to more than a one percent change, although the U.S. estimates appear to be coalescing around 
an elasticity of about 1.0. Some studies completed after the Guidelines were finalized find smaller 
elasticities. In a meta-analysis of global wage-risk studies, Viscusi and Masterman (2017) estimate U.S. 
VSL income elasticity as between 0.5 and 0.7. In a meta-analysis of global stated preference studies, 
Masterman and Viscusi (2018) estimate income elasticity as 0.55 to 0.85 for VSLs above $2 million. 
Other research that uses different methods suggests higher elasticities. For example, in a wage-risk 
study that relies on U.S. panel data, Kniesner, Viscusi and Ziliak (2010) find VSL income elasticities 
ranging from 1.23 to 2.24 across income quantiles, with a midpoint value of 1.76. Given the range of 
values found in the literature, it appears that the 1.0 elasticity recommended in the HHS Guidelines is a 
reasonable default.  
 
When adjusting for income, key questions include how to best estimate the effect of the pandemic on 
population income and whether the effect is likely to be short-lived or persistent. Predictions of 
economic impacts are highly uncertain at present, although the outlook is improving with the 
introduction of vaccines. VSL is also likely to be more sensitive to long-run changes than to transient 
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effects. Thus although COVID-19 appears to have decreased population-average earnings and 
employment in the near-term, the extent to which VSL in turn decreased is uncertain and may be 
proportionately less than would be associated with a longer-term income change. 
 

2.2.2 Risk Characteristics 

U.S. regulatory agencies rely primarily on VSL studies that examine the trade-off between deaths from 
on-the-job injuries and wages, regardless of whether the agency’s policies primarily affect deaths from 
injuries or from illnesses. This approach results largely from limitations in the available research. The 
review that underlies the HHS VSL estimates (Robinson and Hammitt 2016) explicitly addresses this 
issue. The authors find that few U.S. studies of illness-related risks meet criteria for quality and 
applicability, and those that do yield similar values to studies of injury-related risks. More precisely, as 
noted earlier, the HHS values are based on six revealed preference studies and one meta-analysis that 
address the tradeoff between occupational risks and wages, and three stated preference studies that 
elicit WTP for risks from food-related illnesses, motor vehicle accidents, and other causes. Thus these 
estimates do not reflect the characteristics of diseases similar to COVID-19.  
 
In the discussion that follows, we consider three differences between the risks considered in these 
studies and the risks associated with COVID-19. These include morbidity prior to death, qualitative risk 
attributes, and the magnitude of the risk change. While the available research provides insights into 
whether these attributes may increase or decrease individual WTP for changes in mortality risk and 
hence the VSL, it generally does not support specific quantitative adjustments. Thus we suggest that 
analysts describe these effects qualitatively or explore them in sensitivity analysis, based on the 
discussion that follows.  
 

2.2.2.1 Morbidity Prior to Death 
The studies that underlie the HHS VSL estimates focus largely on occupational risks that lead to relatively 
immediate death from injury. For example, Gentry and Viscusi (2016) estimate that 82 percent of all 
occupational deaths occur within a day of injury; the average number of days between injury and death 
is 4.2. In contrast, as noted in section 2.1, COVID-19 deaths are generally preceded by about two weeks 
of symptoms, including fever, shortness of breath, high respiratory rate, and cough. They may also 
involve being placed on mechanical ventilation in a medically induced coma.  
 
Conceptually, VSL is expected to vary depending on the cause of death. A death that includes significant 
pain and suffering is worse than a painless death, holding all else constant. Much of the literature on 
variation in VSL related to the cause of death focuses on fatal cancers, which include morbidity prior to 
death and may also be dreaded for other reasons (see next section for more discussion of the effects of 
dread). In a white paper prepared for consideration by its Science Advisory Board, U.S. Environmental 
Protection Agency (EPA) staff reviewed the related literature (EPA 2016). They identified three studies 
that meet their selection criteria and address fatal cancers (Hammitt and Haninger 2010; Chestnut, 
Rowe, and Breffle 2012; and Viscusi, Huber, and Bell 2014). Only the first two compare WTP for fatal 
cancer risks with those due to other causes; neither finds evidence of a cancer differential. In its review 
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of that 2016 white paper, EPA’s Science Advisory Board (2017) concluded that there is not sufficient 
evidence to justify an adjustment, recommending that EPA continue its current practice of using the 
same VSL to value mortality risks from cancer and from other causes. 
 
This finding may have little relevance for the valuation of COVID-19 risk reductions, however, given the 
many differences between COVID-19 morbidity and the morbidity associated with cancers. The severity 
and duration of cancer-related morbidity varies significantly across types of cancers and depends in part 
on the treatments pursued. Some cancers may lead to more significant morbidity than COVID-19; others 
may not. In addition, many of the studies of fatal cancers consider incremental differences between 
cancers and other causes that differ from the causes that underlie the HHS VSL estimates. The 
magnitude of this increment is likely to also vary depending on the population surveyed and other 
characteristics of the approach. 
 
An alternative to relying on the VSL literature is to add the morbidity values for nonfatal cases discussed 
in the next chapter to the VSL for fatal cases in sensitivity analysis. This approach may lead to some 
double counting because the HHS VSL estimates likely reflect some morbidity prior to death, as 
illustrated by Gentry and Viscusi (2016). However, adding the values for nonfatal cases to VSL allows 
analysts to explore the sensitivity of the results to COVID-19 morbidity prior to death and to determine 
whether the incremental difference is significant enough to affect the analytic conclusions; e.g., whether 
it noticeably affects the extent to which the benefits of the policy exceed the costs. 
 

2.2.2.2 Qualitative Risk Attributes 
Conceptually, VSL for a particular risk depends on the individual’s perceptions of that risk and his or her 
preferences. The VSL studies that underlie the HHS estimates address relatively common and familiar 
risks associated with occupation, food, and traffic safety. In contrast, COVID-19 is relatively new and 
unknown, and the magnitude of the risks is uncertain especially as new variants emerge.  
 
Two seminal papers are relevant in this context. First, Slovic (1987) categorizes risks according to the 
extent to which they are dreaded and unknown. Dread risks include those involving “perceived lack of 
control, dread, catastrophic potential, fatal consequences, and the inequitable distribution of risks and 
benefits;” unknown risks include those “judged to be unobservable, unknown, new, and delayed in their 
manifestation of harm.” Many of these characteristics apply to COVID-19 risks and are likely to affect 
valuation. Second, individuals are often averse to ambiguity, disliking risks more when the probabilities 
are more uncertain. Ellsberg (1961) notes that ambiguity depends on the amount, type, reliability, and 
unanimity of information on probabilities and the resulting degree of confidence one has in the data. 
 
Unlike morbidity prior to death, which has a physical manifestation, these perceptions are primarily 
psychological and subjective. Such perceptions may lead individuals to rank risks of the same expected 
magnitude (e.g., 1 in 10,000) and same outcome (e.g., immediate death) differently when they stem 
from different causes. A risk that is more dreaded and unknown, and more ambiguous, is likely to be 
associated with a larger WTP for the risk reduction. 
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Standard theory provides no guidance about how large such an effect can be compared with the 
difference in utility between surviving the current period and dying. In a 2010 review, Robinson, 
Hammitt, Aldy, Krupnick, and Baxter explored these issues in the context of terrorism risks. Although 
concerns about terrorism differ from concerns about COVID-19 in many respects, they also share some 
similarities. In both cases, the risks may be viewed as less controllable, voluntary, and familiar, and more 
feared, than the risks typically addressed in VSL studies. Just as terrorism studies disagree on the 
likelihood of attack, the data on the likelihood of COVID-19 infection and death are evolving and 
uncertain. 
 
Robinson et al. (2010) identified 15 relevant studies, all of which use stated preference methods and 
were conducted in the U.S. or other high-income countries.11,12 Eight consider trade-offs between risks 
of different types without eliciting WTP; the remaining seven provide monetary values. The causes of 
death considered were diverse, including several types of cancer; exposures to pesticides, air, or water 
pollution, or hazardous or nuclear wastes; transportation accidents, including air, motor vehicle, rail, 
and pedestrian crashes; and homicides, terrorist attacks, drownings, or fires.  
 
In the studies that address differences across risks, the estimates featured by the authors suggest no 
difference in the values in many cases, with most studies suggesting that values differ by a factor less 
than two. The quality of the studies varies however, and the extent to which the results are applicable to 
COVID-19 risk reductions in the U.S. is uncertain. In addition to addressing different populations and 
scenarios, these studies use methods that differ from the methods used in studies that underlie the HHS 
VSL estimates. A study that valued reductions in risks with different attributes but using similar methods 
and populations as those underlying the HHS VSL estimates could lead to differentials that vary from 
those found in these diverse studies.  
 
The 2010 review includes three studies that address how aversion to ambiguity affects the values 
individuals place on mortality risk reductions (Viscusi et al. 1991; Shogren 2005; Riddel and Shaw 2006). 
These studies suggest that ambiguity may increase values by a factor of two or less, implying that the 
VSL could be somewhat higher for more ambiguous risks. More recently, Treich (2010) explored the 
effects of ambiguity on VSL in a theoretical model and found the impact was relatively modest. 
However, this result applies to cases where the baseline risk is ambiguous but the risk reduction is not; 
ambiguity aversion need not increase WTP for a protective action when its efficacy is ambiguous (Treich 
2010; Bleichrodt et al. 2019). At least in the near term, while information on the effectiveness of 
different protective measures is evolving, it appears that both baseline risks and the size of the risk 

 
11 The 15 studies include: Viscusi et al. (1991); Jones-Lee and Loomes (1995); Magat et al. (1996); Subramanian and 
Cropper (2000); Chilton et al. (2002); Hammitt and Liu (2004); Carlsson et al. (2004); Shogren (2005); Chilton et al. 
(2006); Itaoka et al. (2006); Riddel and Shaw (2006); Van Houtven et al. (2008); Adamowicz et al. (2009); Viscusi 
(2009); Hammitt and Haninger (2010). 
12 In a more recent paper, Pike et al. (2020) explore perceptions of pandemic risks in the Ebola context and find 
that individuals are relatively unconcerned, placing a higher value on avoiding environmental disasters and 
terrorist attacks. 
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reduction are likely to be ambiguous in the case of COVID-19. The advent of extensively tested vaccines 
may change this perception. 
 
One study worth highlighting is Liu et al. (2005). While this study does not address the U.S. population, it 
does address an illness more similar to COVID-19: the severe acute respiratory syndrome (SARS) 
outbreak in Taiwan. The authors found values that were substantially greater than values previously 
estimated for Taiwan, by factors ranging from roughly 1.5 to 6 times larger than those for fatal lung 
disease or cancer from air pollution. 
 
Note that the risk perception literature suggests that catastrophic risks are more feared than less 
catastrophic risks (Hammitt and Treich 2007, Rheinberger and Treich 2017, Hammitt 2020). Holding 
constant the expected number of deaths, there are two ways in which a risk can be more catastrophic, 
as discussed in these articles. One is when individuals’ risks are positively correlated, for example, when 
the number of deaths from COVID-19 depends on how effectively the spread of infection is controlled. 
Another way is when the risks are more equal: if individual risks are concentrated on a small share of the 
population (such as, in the case of COVID-19, the elderly), the number of deaths is unlikely to be large 
relative to the population because most people face a very small risk. The effect of these concerns on 
WTP is uncertain, however, and they may increase or decrease the VSL. 
 
In sum, although the effects of qualitative risk perceptions on the VSL for COVID-19 risk reductions are 
complex, varying, and perhaps somewhat counterbalancing, it appears that the VSL for such risks may 
be larger than for the risks more commonly studied. One question in need of further investigation is the 
extent to which these perceptions reflect thoughtful and well-informed judgments or exaggerated 
reactions and perhaps momentary panic. It is possible that individuals’ perceptions about COVID-19 risk 
and the appropriate VSL have evolved as experience and knowledge about the risk have increased.  
 
As discussed in the HHS Guidelines, the goal of benefit-cost analysis is to identify policies that increase 
net social welfare, reflecting individual preferences. However, as Robinson and Hammitt (2011) note, if 
emotional reactions lead individuals to make choices that do not correspond with their own definition of 
their welfare, benefit-cost analysis that relies on these choices for valuation may fail to meet this goal. 
Ideally, benefit-cost analysis should be based on well-informed, thoughtful preferences. 
 
Increased fear and anxiety may be important societal consequences of the COVID-19 pandemic. 
However, since interventions that reduce mortality and morbidity risks are unlikely to yield a 
proportional reduction in fear and anxiety, we do not recommend adjusting the VSL to account for these 
concerns, or for discrepancies between individual perceptions and observed mortality risks for COVID-
19. Instead, we recommend that a discussion of fear and anxiety be addressed separately in the analysis, 
allowing the analyst and policymakers to understand these important outcomes outside the context of 
reductions in mortality and morbidity. 
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2.2.2.3 Magnitude of Risk Change 
Most of the studies that underlie the HHS VSL estimates address WTP for an annual risk reduction and 
consider relatively small risk changes, generally with magnitudes around 1 in 10,000. The duration of the 
change in risk associated with COVID-19 regulations or other policies may be similar. Assuming that 
COVID-19 is eventually controlled through vaccination, the need for protective policies may be relatively 
short-lived.  
 
However, the size of the risk change will likely vary depending on the policy. Some early COVID-19 
benefit-cost analyses addressed relatively large risk changes; for example comparing stringent and fully 
effective social distancing policies to a baseline of no intervention. Regulatory analyses typically address 
smaller, more incremental, changes. For example, analysts might be interested in comparing COVID-19 
risks under current policies to COVID-19 risks with a change in the required protective measures. 
 
The amount an individual would pay for a small reduction in the chance of dying in the current period is 
approximately equal to his or her VSL times the risk reduction. For example, if an individual’s VSL is $10 
million, that individual would be willing to pay approximately $100 to decrease his or her current 
mortality risk by 1 in 100,000. Clearly, however, most individuals would not be willing to pay $100,000 
to decrease current mortality risk by 1 in 100; such a large payment would be infeasible. This implies 
that the average rate at which an individual is willing to pay for risk reduction (WTP divided by the risk 
reduction) decreases as the risk reduction increases.  
 
Under the standard theoretical model underlying VSL, the rate does not fall very sharply until the 
individual’s willingness to pay rises to 10 percent or more of his or her ability to pay (Hammitt 2020). (As 
noted earlier, ability to pay is often assumed to be equivalent to income.) While the relationship 
between WTP and the size of the risk reduction depends on the assumptions used in the calculations 
(especially the income elasticity of VSL), the rate is not likely to decrease substantially until the risk 
change exceeds about 1 in 1,000; for larger risk reductions, the ratio of WTP to risk reduction will be 
much smaller than VSL. Since most analyses conducted by HHS are likely to yield mortality risk changes 
smaller than 1 in 1,000, no adjustment in the VSL for the size of the risk reduction will be needed. In the 
rare case that a policy leads to a larger risk change, analysts may wish to follow the approach in 
Hammitt (2020) to adjust VSL in sensitivity analysis. 
 

2.2.3 Other-Regarding Preferences 

One issue that arises in the COVID-19 and other contexts is whether and how to include preferences for 
risk reductions that accrue to others. Presumably, the risk assessment will count all cases associated 
with the regulation or other policy, including those prevented directly and those prevented indirectly by 
decreasing the number of infected people in the population. For example, in estimating the risk 
reductions associated with a policy that increases protective measures at daycare centers or nursing 
homes, analysts would consider both the change in infections that accrue to those who work at, live in, 
or visit these locations, and to those whom they may subsequently infect. Each expected case prevented 
would be valued using the per case estimates discussed in this paper. 
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The question is whether these per case estimates should be adjusted to address effects on others’ well-
being. An individual’s WTP to reduce his or her own risk may be affected by the desire to also reduce the 
risk of infecting family, friends, and members of the larger community. The Robinson and Hammitt 
(2016) review that underlies the HHS VSL estimates explicitly includes only those studies that provide 
estimates of individual WTP for reductions in the individual’s own risks, excluding studies that address 
individual WTP for risk reductions that accrue to others. This approach is consistent with the overall 
benefit-cost analysis framework, which assumes that the individual is the best or most legitimate judge 
of his or her own welfare. 
 
In the COVID-19 context, concern about risk reductions that accrue to others may take many forms and 
may change as vaccines and more effective treatments become available. For example, individuals may 
have a stronger than usual desire to limit risks to their loved ones, if those who die are likely to be 
isolated rather than surrounded by friends and family. In addition, the infection rate among the 
community affects both one’s own risk of infection and the likelihood of restrictions that will affect 
one’s ability to shop, socialize, and earn income.  
 
Conceptually, a pure altruist would care about how those affected weigh both the benefits and costs 
they accrue, which is likely to lead to the same conclusions about whether the net benefits of a policy 
are positive as would an analysis that considers only self-regarding preferences (Jones-Lee 1991; 
Bergstrom 2006). A paternalistic altruist may instead weight some impacts, such as improved health or 
increased longevity, differently than do the individuals affected, which could affect the conclusion about 
net benefits. Separating these types of altruism in empirical research is challenging, however.  
 
In addition, other regarding preferences are not always altruistic. As discussed in Robinson and Hammitt 
(2011), such preferences may take many forms, including a social welfare perspective that aims to 
increase overall welfare by helping others, particularly those less-well off; difference aversion, which 
focuses on reducing differences between oneself and others; reciprocity, which aims to reward or 
penalize others depending on the perceived fairness of their actions; and relative position, where 
preferences are defined relative to others. 
 
Estimating WTP for risk reductions that accrue to others also raises practical challenges. While some 
studies address risk reductions to the community at-large rather than only to oneself, they at times find 
counterintuitive results. For example, some find that WTP for a private risk reduction is higher than WTP 
for a public program that also benefits others (e.g., Svensson and Johansson 2010; Lindhjem et al. 
2011). This result suggests that respondents may not fully accept the scenario presented in the survey; 
for instance, they may not believe that a public program will be effective. Thus for both conceptual and 
practical reasons, other-regarding preferences may be best handled in qualitative discussion rather than 
through quantitative adjustment. 
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2.3 Summary and Conclusions 

The discussion above suggests that the extent to which the recommended HHS VSL estimates should be 
adjusted for application to COVID-19 risks is highly uncertain. Most differences between the contexts 
considered in these studies and the COVID-19 context may be best addressed through qualitative 
discussion at this time, given gaps and inconsistencies in the available empirical research. The one 
exception is adjustments for age if a regulation would disproportionately affect the very young or very 
old. In such cases analysts should follow the recommendations for sensitivity analysis in the HHS 
Guidelines. If analysts wish to explore other quantitative adjustments, the results should be included in 
sensitivity analysis rather than featured in the primary results to highlight associated uncertainties. 
More generally, analysts will need to explore the extent to which the attributes explored in this chapter 
are relevant to a specific analysis. Different policies may affect different population subgroups and may 
vary in the disease characteristics they effect. 
 
In Table 2.2, we summarize the effects of the characteristics we consider; i.e., potential adjustments to 
the HHS population-average VSL estimates to address the specific population and risks affected by a 
COVID-19 regulation or other policy. These include three key differences in the individuals affected: age, 
health status, and income. They also include three key differences in the risks addressed: morbidity prior 
to death, qualitative risk attributes, and the magnitude of the risk change. We also explore concerns 
related to incorporating other-regarding preferences (such as altruism) in the infectious disease context, 
but do not include them in Table 2.2 because of concerns about how to best incorporate these concerns 
within the benefit-cost analysis framework.  
 
Table 2.2 Potential Direction of Effect 

Differences between COVID-19 and Risks Commonly Studieda Effect on HHS VSL Estimatesb 
Individual characteristics 
1. Disproportionately affects the elderly May decrease VSL 
2. Disproportionately affects those in impaired health May increase or decrease VSL 
3. Reduces income below pre-pandemic levels May decrease VSL 
Risk characteristics 
1. Involves more substantial morbidity prior to death May increase VSL 
2. Viewed as more dreaded and uncertain May increase VSL 
3. May involve a larger risk change May decrease VSL 

a. Assumes COVID-19 risk reductions attributable to the regulation or other policy will follow the same patterns as incurred 
cases to-date. 
b. Compared to HHS population-average estimates. Because the magnitude of these effects is uncertain, it is unclear whether 
the net effect will be an increase or decrease. 
 
The attribute-by-attribute approach we undertake in this chapter is necessitated by the lack of valuation 
research that explicitly addresses COVID-19 mortality risk reductions and has several limitations as 
noted earlier. In addition, in recent years there has been relatively little new research estimating VSL in 
the U.S. Most recent work has involved reviews or meta-analyses of previously completed studies or 
additional analysis of data sets that have been previously explored, including extensive use of the 
Census of Fatal Occupational Injuries to estimate the value of changes in job-related risks. However, the 
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VSL plays an important role in informing COVID-19 policy decisions and has received substantial 
attention in the media and in scholarly work. We expect this interest will motivate new VSL research and 
ultimately provide improved information on these values. As such new research emerges, analysts 
should review that literature to determine the implications, if any, for the approach discussed in this 
chapter, following the benefit transfer framework described in Chapter 3 of the HHS Guidelines. 
Regardless, it is unlikely that a “one-size-fits-all” VSL for COVID-19 policies will result, given that different 
policies will have differing effects.  
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CHAPTER 3: VALUING COVID-19 MORBIDITY RISK REDUCTIONS 

As discussed in Chapter 1, the HHS Guidelines do not recommend specific values for changes in nonfatal 
illness risks. The Guidelines instead provide a framework for estimating these values, recommending 
that analysts first review the literature to determine whether suitable WTP estimates of reasonable 
quality are available for the risk reductions of concern. If not, the Guidelines recommend that analysts 
use monetized QALYs as a proxy, estimating the value per QALY using a constant derived from HHS’s VSL 
estimates. As discussed in more detail in the HHS Guidelines, averted costs that would otherwise be 
incurred by third parties, such as medical costs covered by insurance or caregiving provided by family or 
friends, should be added to these values, taking care to avoid double-counting. 
 
The conceptual framework for valuing morbidity risk reductions is the same as the framework for 
valuing mortality risk reductions. Thus, per case values are derived from  individual’s willingness to 
exchange income (or wealth) for changes in his or her own risk of nonfatal illnesses. These values will 
reflect the trade-off between the utility associated with improved health and the opportunity cost of 
spending on the risk reduction. We expect these values to vary depending on the characteristics of the 
individuals and of the risks, including the characteristics discussed in the VSL context previously. 
 
A major difference between this chapter and the preceding one is that here we focus on developing new 
estimates rather than on adjusting existing estimates. For mortality risk reductions, HHS’s base VSL 
estimates are derived from a recent criteria-driven review of the literature. Thus, in Chapter 2 our goal 
was to determine the extent to which other studies provide insight into adjusting the resulting values to 
better match the COVID-19 context. For morbidity risk reductions, no similar literature review is 
available. After summarizing the characteristics of COVID-related morbidity, we review the limited 
relevant WTP literature available then turn to developing estimates of monetized QALYs as a proxy.  
 
As was true for mortality risk reductions, analysts will need to review more recent data to determine 
whether the characteristics of COVID-19 risks have changed significantly from what is described here, 
and also explore the impacts of the specific regulation or policy on these risks. As always, analysts 
should also assess the implications of related uncertainties, as discussed in Chapter 6 of the HHS 
Guidelines.  
 
3.1 Characteristics of COVID-19 Morbidity Risks 

Information on nonfatal cases of COVID-19 is evolving rapidly, as the substantial variation in symptoms 
across those infected becomes increasingly apparent. Our goal in this section is to provide a starting 
point for valuation by identifying the major features of the individuals affected and the symptoms they 
experience. We categorize cases by severity, focusing on common, widespread symptoms found in the 
available data to provide approximations that serve as representative cases. Our goal is not to 
exhaustively catalog potential impacts; we recognize symptoms vary across individuals and may not 
always conform to this categorization. Because little valuation research has been completed that 
explicitly addresses nonfatal COVID-19 cases, we also discuss the similarities between these categories 
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and more familiar and prevalent illnesses. We then use these comparisons to develop the valuation 
approach in the sections that follow.  

3.1.1 Individual Characteristics 

According to the CDC, as of January 21, 2021 there had been 24,323,846 reported COVID-19 cases (CDC 
2021a) in the United States. The true number of infections is not known and exceeds reported cases for 
several reasons, and the degree of underreporting varies over time. Asymptomatic infections and mild 
cases, which are less likely to involve testing or medical care, are more likely to be underreported than 
more severe cases. 
 
With these caveats in mind, Table 3.1 shows the distribution of reported COVID-19 cases by age. In 
contrast to the distribution of deaths involving COVID-19 reported in Table 2.1 in the previous chapter, 
only a minority of reported cases occurred among the population aged 65 or older. Underreporting may 
be greater among younger age groups if children are less frequently tested and if cases among younger 
age groups are more likely to be asymptomatic or mild. 
 
Table 3.1 Distribution of U.S. Population and Reported COVID-19 Cases by Age Group 

Age Group U.S. Populationa Reported COVID-19 Casesb 
0–17 22.8% 11.0% 

18–49 41.8% 54.0% 
50–64 19.1% 20.6% 
65–74 9.7% 7.7% 
75–84 4.8% 4.1% 

85+ 1.8% 2.5% 
Total 100.0% 100.0% 

a. 2019 data from “Age and Sex Composition in the United States: 2019,” U.S. Census Bureau, as viewed June 21, 2020. 
https://www.census.gov/data/tables/2019/demo/age-and-sex/2019-age-sex-composition.html. The total estimated population 
was 324,356,000. 
b. January 22, 2020 – January 21, 2021 data from “Demographic Trends of COVID-19 cases and deaths in the US reported to 
CDC,” U.S. Centers for Disease Control and Prevention, as viewed January 21, 2021. https://www.cdc.gov/covid-data-
tracker/#demographics. The total number of reported COVID-19 cases as of January 21, 2021 was 24,323,846. 
 
Individuals with diagnosed cases of COVID-19 appear more likely to have underlying health impairments 
than the general population. Only about one-fifth of all cases (fatal and nonfatal) reported to the CDC 
include data on baseline health status. Among those for whom data are available, about 70 percent 
have one or more underlying health conditions (Stokes et al. 2020). Those with such conditions are more 
likely than those without an identified condition to be hospitalized (45.4 percent vs. 7.6 percent) or 
admitted to the ICU (8.5 percent vs. 1.5 percent) (Stokes et al. 2020). The most common underlying 
conditions are diabetes, heart disease including hypertension, and chronic lung disease.  
 
Nonfatal cases appear to be more common among individuals with certain socioeconomic 
characteristics, which may reflect differences in exposure as well as other factors. In particular, racial 
and ethnic minority populations have seen disproportionately high rates of infection and severe disease, 
as discussed in section 2.1. While a greater number of deaths have occurred among males, the majority 
of cases have been reported among females (Stokes et al. 2020). However, it is unclear whether this 
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finding reflects differences in the extent to which men and women seek testing and medical care or 
other factors. 

3.1.2 Risk Characteristics 

As noted earlier, we focus on the most documented and well-established symptoms, recognizing that 
new data are continually emerging. Long-term effects are particularly uncertain, which is not surprising 
given that infections only became widespread within the past year. Some individuals infected with SARS-
CoV-2, the pathogen that causes COVID-19, may not experience any symptoms, at least in the near-
term. Evidence from contained environments with complete or near-complete testing suggests that 
many cases remain asymptomatic throughout the course of infection (Sakurai et al. 2020; CDC 2021a). 
Some have argued, however, that true asymptomatic infection is relatively rare; it may often be 
conflated with very mild infection or pre-symptomatic infection (Wiersinga et al. 2020). In addition, even 
initially asymptomatic infections and very mild infections may have important long-term effects, which 
are only beginning to be better understood. 

CDC categorizes symptomatic COVID-19 cases as mild-to-moderate (henceforth shortened to “mild”), 
severe, and critical (CDC 2020a). Most cases identified to-date fit into the mild category (Wu and 
McGoogan 2020); symptoms may vary substantially across cases within this category. Within each 
category, the symptoms are generally similar across age groups (CDC 2020a). However, most cases 
documented among younger populations are less severe than those among older populations (Lu et al. 
2020; Dong et al. 2020).13 

We adapt descriptions of three severity levels of acute symptomatic disease from the published medical 
literature (Dong et al. 2020; Gandhi et al. 2020; Berlin et al. 2020; Wu and McGoogan 2020; CDC 2020a) 
in Table 3.2.14 We focus on common, widespread symptoms; the list is not intended to be exhaustive 
and symptoms vary substantially across individuals. As noted earlier, our goal is to build towards 
categories that can be used to estimate values for nonfatal cases, not to provide definitive descriptions 
to be used for other purposes.  

  

 
13 There have been numerous reports of multisystem inflammatory syndrome in children (MIS-C) associated with 
the COVID-19 pandemic (Whittaker et al. 2020; Viner and Whittaker 2020; Dufort et al. 2020; Feldstein et al. 2020). 
Cases of MIS-C appear to lag behind cases of acute COVID-19 in the surrounding population. Not all cases of MIS-C 
have tested positive for SARS-CoV-2; the condition may be a delayed response to infection. At this time, MIS-C and 
its relationship with COVID-19 remain poorly understood; accordingly, we do not include the associated health 
risks in our valuation discussion, although we recognize that they may be severe. 
14 We start with descriptions from Dong et al. (2020), combining mild and moderate categories. We adapt 
thresholds for blood oxygen saturation based upon Gandhi et al. (2020) and Berlin et al. (2020). We then add to 
descriptions of categories based upon Wu and McGoogan (2020) and CDC (2020b). 

AR-04212

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 167 of 275   PageID 4753Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 167 of 275   PageID 4753



35 
 

Table 3.2 Common Symptoms of Nonfatal COVID-19 Cases by Severity Levela,b 
Disease Phase Description 
Mild Case 
Acute phase Individuals will have symptoms of acute upper respiratory tract infection, which may include 

fever, fatigue, myalgia (muscle aches), cough, and sore throat. Some cases may have 
digestive symptoms, such as nausea, abdominal pain, and diarrhea. Loss of taste and smell 
are common symptoms. Individuals may have mild pneumonia (infection of the lungs), and 
some may have wheezing or dyspnea (shortness of breath) but blood oxygen saturation 
remains above 93 percent. 

Post-acute phase Individuals may have post-acute symptoms, such as cough, shortness of breath, fatigue, and 
pain. 

Severe Case 
Acute phase Individuals will have early symptoms similar to those of mild disease, such as fever and 

cough, which may be accompanied by gastrointestinal symptoms, such as diarrhea. The 
disease continues to progress for over a week. Dyspnea (shortness of breath), high 
respiratory rate, and/or blood oxygen saturation of 93 percent occur. Individuals typically 
have pneumonia and require supplementary oxygen. Individuals with severe disease should 
be hospitalized. 

Post-acute phase Individuals may have post-acute symptoms, such as cough, shortness of breath, fatigue, and 
pain. 

Critical Case 
Acute phase Individuals will have early symptoms similar to those of mild and severe disease. Individuals 

may quickly progress to respiratory failure and may also have septic shock, encephalopathy 
(brain disease), heart disease or failure, coagulation dysfunction (inability of blood to clot 
normally), and acute kidney injury. Organ dysfunction can be life-threatening. Individuals 
with critical disease often receive prolonged mechanical ventilation. 

Post-acute phase Individuals are likely to have long-term physical and cognitive impairment similar to other 
critical illnesses. 

a. As discussed in the text, these descriptions are intended to aid in understanding major symptoms for valuation purposes, 
based on the data now available. They are not intended to be definitive or to be used for other purposes. 
b. Adapted from: Dong et al. (2020); Gandhi et al. (2020); Berlin et al. (2020); Wu and McGoogan (2020); CDC (2020b). 
 
To provide a starting point for estimating per case values, we assume that all symptomatic individuals 
begin by experiencing symptoms characteristic of mild disease. This assumption is consistent with the 
typical trajectory of COVID-19 for more severe cases (Berlin et al. 2020). We furthermore assume that 
individuals who experience only mild symptoms are not likely to be hospitalized, although some may be 
hospitalized for monitoring (Gandhi et al. 2020).  
 
While many individuals will begin to recover after experiencing mild symptoms, others will progress to 
more severe stages. Those with severe disease are typically hospitalized and may be treated 
aggressively to avoid the need to implement emergency procedures if sudden respiratory arrest occurs 
(Berlin et al. 2020). Individuals with critical disease are likely to be treated in the ICU and require 
mechanical ventilation.  
 
Across all severity levels, individuals often experience persistent symptoms rather than returning quickly 
to their pre-disease health status. While the long-term effects of COVID-19 are not yet fully known, 
survey evidence indicates that many individuals experience persistent fatigue, cough, shortness of 
breath, and pain months after symptom onset (Carfì et al. 2020; Tenforde et al. 2020; Patient-Led 
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Research for COVID-19 2020; Longfonds 2020). A number of studies have also noted that severe post-
acute symptoms are not restricted to individuals with severe and critical disease; some non-hospitalized 
individuals with initially mild disease may experience severe, persistent post-acute symptoms (Meys et 
al. 2020; Praschan et al. 2021; Moreno-Perez et al. 2021). Individuals with critical disease are likely to 
experience the most severe long-term effects on average, which may resemble physical and cognitive 
impairment seen among survivors of similar illnesses such as sepsis (Wiersinga et al. 2020).  
 
In addition to information on severity, including symptoms and the effects of treatment, we require 
estimates of duration for valuation. In Table 3.3 we provide working assumptions based on the data 
available to-date, which we use to illustrate the valuation approach later in this chapter. As is the case 
for the information presented previously, these estimates are uncertain, and analysts should revisit 
them to determine whether updates are needed as well as explore the effects of varying these 
assumptions.  
 
Table 3.3 Potential Duration of Nonfatal COVID-19 Cases by Severity Levela 

Severity Category Duration of Symptoms (working assumptions) 
Mild case 10 days with mild symptoms plus 

15 days with post-acute mild disease symptoms 
Severe case 7 days with mild symptoms plus 

6 days with severe symptoms plus 
50 days post-acute severe disease symptoms  

Critical case 7 days with mild symptoms plus  
12 days with critical symptoms plus 
Remainder of lifetime post-acute critical disease symptoms 

a. Estimates are used for illustrative purposes only. See text for data sources and discussion. 
 
As indicated by Table 3.3, we use 10 days as our working assumption for the typical duration of acute 
symptoms among mild cases. This assumption is based upon evidence indicating that the typical 
duration may range between one and two weeks (CDC 2020b; World Health Organization 2020; Gandhi 
et al. 2020; Lee et al. 2020). We use seven days as our working assumption for the length of mild 
symptoms among severe and critical cases based upon evidence indicating that severe and critical 
symptoms develop after approximately seven days from initial symptom onset (Berlin et al. 2020; 
Wiersinga et al. 2020; Dong et al. 2020). We use six days as the length of severe symptoms; the typical 
length of hospital stay among nonfatal COVID-19 cases that do not involve admission to the ICU ranges 
from three days to over nine days (CDC 2021a; Lewnard et al. 2020; CDC 2020a). We use 12 days as our 
working assumption for the length of critical symptoms; among individuals admitted to the ICU, length 
of hospitalization typically ranges from 11 to 14 days (CDC 2021b). 
 
As noted earlier, health impairments may continue after the acute phase of the illness. Our working 
assumptions for the duration of post-acute illness are based upon weaker evidence than those for the 
duration of acute illness. Limited long-term data are currently available, making it difficult to calculate 
the durations of post-acute symptoms. As indicated in Table 3.3 above, for mild cases we use 15 days as 
the illustrative length of post-acute symptoms, for a total of 25 days of symptoms. The available 
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evidence suggests that symptoms may persist longer or shorter than this assumed duration.15 Notably, 
approximately one in 10 COVID-19 patients experiences symptoms lasting longer than four weeks, which 
has been termed “long COVID” (Sivan and Taylor 2020). Data on these longer-term symptoms and their 
duration is evolving. For severe cases, we use 50 days as the illustrative length of chronic symptoms, for 
a total of 63 days with symptoms. Evidence from hospitalized individuals with COVID-19 indicates that 
post-acute symptoms may persist for shorter or longer time periods.16 For critical cases, we draw on 
evidence suggesting that disability may be long-term among survivors of similar critical diseases, such as 
sepsis (Wiersinga et al. 2020). We follow others in assuming that a degree of disability for critical cases 
will be permanent (Khazeni et al. 2009).17  
 

3.1.3 Similar Diseases Used as Proxies 

As discussed previously, we are writing this paper at a time when valuation research that explicitly 
addresses nonfatal cases of COVID-19 is not available. Hence, we use the benefit transfer framework 
discussed in Chapter 3 of the HHS Guidelines to develop values based on similar conditions. Table 3.4 
summarizes the categorization of symptoms of nonfatal cases by severity level and compares each set of 
symptoms with a disease involving similar symptoms. 
 
  

 
15 In one study, approximately 35 percent of symptomatic U.S. COVID-19 patients with a positive test result in an 
outpatient setting experienced continued symptoms when surveyed at a median of 16 days from the date of 
testing, which may have occurred after symptom onset (Tenforde et al. 2020). In a prospective cohort study, 
outpatients with COVID-19 returned to their normal health a median of 20 days after symptom onset (Blair et al. 
2021). Data from the United Kingdom indicate that the median length of symptoms following infection is 
approximately 39.5 days (Office for National Statistics, 2020).  
16 At a mean of 60 days after the onset of initial COVID-19 symptoms, approximately 13 percent of individuals who 
were hospitalized reported no persistent symptoms, 32 percent reported one or two symptoms, and 55 percent 
reported three or more symptoms (Carfì et al. 2020). 
17 COVID-19 affects multiple organ systems, which may lead to long-term effects beyond those we have described. 
For example, COVID-19 has been reported to result in new-onset diabetes and severe complications of existing 
diabetes (Rubino et al. 2020). COVID-19 may result in persistent cardiovascular impacts (Puntmann et al. 2020). 
Neurological effects of COVID-19 may also be significant; among hospitalized COVID-19 patients, a variety of 
neurological syndromes have been observed (Helms et al. 2020; Paterson et al. 2020). Given the current lack of 
evidence on the frequency and duration of associated symptoms, we do not explicitly account for these health 
effects in developing the basis for valuation. 
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Table 3.4 Examples of Diseases Similar to Nonfatal COVID-19 Cases by Severity Levela 
Severity Category Examples of Similar (Proxy) Diseases 
Mild case  Symptoms of initial acute, mild disease are similar to those of influenza. 

 Post-acute symptoms are similar to those of chronic obstructive pulmonary disease 
(COPD). 

Severe case  Symptoms of initial acute, mild disease are similar to those of influenza. 
 Subsequent acute, severe symptoms are similar to those of serious respiratory 

complications of influenza. 
 Post-acute symptoms are similar to those of COPD. 

Critical case  Symptoms of initial acute, mild disease are similar to those of influenza. 
 Subsequent acute, critical disease may resemble sepsis, a life-threatening complication 

of influenza and other infections, as well as conditions involving acute respiratory 
failure and conditions requiring prolonged mechanical ventilation.  

 Post-acute symptoms may resemble chronic health states associated with sepsis, 
conditions involving acute respiratory failure, and conditions requiring prolonged 
mechanical ventilation. 

a. The effects of these diseases are not identical to the effects of COVID-19; rather they are similar diseases that have been 
well-studied and provide a starting point for the valuation discussion that follows. 
 
The comparisons in Table 3.4 are based upon descriptions of acute disease symptoms by severity level 
provided previously in Table 3.3 and descriptions of post-acute disease symptoms provided in the text. 
Mild symptoms, which correspond to the first stage of symptoms for individuals with all disease severity 
levels based on our illustrative framework, are similar to symptoms of influenza (CDC 2020e).18 Severe 
symptoms, experienced only by patients with severe disease, are similar to symptoms of influenza with 
severe respiratory complications (CDC 2020b). Critical symptoms may be similar to symptoms of sepsis 
(Wiersinga et al. 2020) and conditions involving acute respiratory failure, including conditions frequently 
requiring prolonged mechanical ventilation. 
 
As for post-acute symptoms, research suggests that individuals with mild and severe disease often 
experience persistent cough, shortness of breath, and fatigue (Carfì et al. 2020; Tenforde et al. 2020). 
These symptoms, though they may not fully characterize the post-acute experience of individuals with 
COVID-19, are similar to those of chronic obstructive pulmonary disease (COPD).19 Among individuals 
with critical disease, post-acute COVID-19 symptoms may resemble the post-acute experience of 
individuals with sepsis (Wiersinga et al. 2020). Survivors of respiratory failure and acute respiratory 
distress syndrome (ARDS) may experience similar long-lasting physical and psychological disability 
(Herridge et al. 2003; Herridge et al. 2011; Davidson et al. 1999). 
 

 
18 According to CDC, influenza symptoms may include “fever or feeling feverish/chills; cough; sore throat; runny or 
stuffy nose; muscle or body aches; headaches; fatigue (tiredness); some people may have vomiting and diarrhea, 
though this is more common in children than adults.” https://www.cdc.gov/flu/symptoms/symptoms.htm, as 
viewed August 20, 2020. 
19 COPD includes emphysema and chronic bronchitis and involves breathing difficulties. According to CDC, 
symptoms include “frequent coughing or wheezing; excess phlegm or sputum; shortness of breath; trouble taking 
a deep breath.” https://www.cdc.gov/copd/features/copd-symptoms-diagnosis-treatment.html, as viewed August 
20, 2020. 
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3.2 Willingness to Pay Estimates 

In this section, we review the WTP literature for nonfatal illnesses with symptoms similar to those of 
COVID-19. We focus on influenza, chronic obstructive pulmonary disease (COPD), sepsis, conditions 
involving acute respiratory failure, and conditions requiring prolonged mechanical ventilation. The 
following section then reviews the QALY literature for the same conditions. In both sections, we select 
studies that address symptoms rather than the impacts of treatments. The availability and effectiveness 
of COVID-19 treatments are continuing to evolve, and are likely to have differing effects from the 
treatments available for these other conditions. 
 
When reviewing both the WTP and QALY literature, we focus on the following.  
 

1. Publicly available primary research, written in English, to ensure that those who apply these 
estimates and review the resulting analyses can access the underlying studies. 

2. Research based on U.S. data collected within the past 20 years, assuming that the scope of most 
HHS regulatory analysis will cover the national population and that more recent studies are 
more likely to reflect current conditions and preferences.20 More recent studies can also take 
advantage of advances in the available data, analytic methods, and best practices. 

3. Research published in peer-reviewed articles or reports, as an indicator of quality. 
 
As discussed in more detail later, we make some exceptions to these criteria to address limitations in 
the available research. In addition, because relatively few studies address the health conditions of 
concern, we do not apply more stringent criteria such as those used in developing HHS’s VSL estimates 
(see Robinson and Hammitt 2016). Instead, we use the research available to inform our estimates and 
suggest that analysts carefully assess the effects of uncertainty. 
 
To identify potentially applicable WTP research, we began by searching recent reviews that include U.S. 
studies of respiratory and other illnesses. These reviews vary in purpose and scope and are not 
necessarily comprehensive, but provide a useful starting point. They include Van Houtven et al. (2006), 
Gerking and Dickie (2013), Cameron (2014), Hunt et al. (2016), and Robinson et al. (2019).21 We then 
searched EconLit for additional studies.22 We identified five studies that meet the three criteria listed 
above, and summarize them in Table 3.5. All of these studies address individual WTP for averting the 

 
20 For the WTP studies, the search was conducted in August 2020 and covered studies that rely on data collected 
from 2000 to the search date. There is typically a significant lag between when data are collected and publication, 
as indicated by the data collection dates in Table 3.5. 
21 We thank Alistair Hunt (University of Bath) and Neal Fann (U.S. Environmental Protection Agency, Office of Air 
and Radiation) for useful advice. 
22 EconLit search terms included “WTP” or “willingness to pay,” and “respiratory,” “influenza,” “flu,” “COPD,” 
“sepsis,” or “ventilation.” We limited the searches to peer-reviewed research published in English between 2000 
and the search date. We then reviewed the abstracts to confirm that the study included primary valuation 
research and to identify the date of data collection and the location. We dropped those studies that did not report 
the results of primary research, did not include data collected in 2000 or later, or were not conducted in the United 
States. The search was conducted in August 2020. 
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risks of influenza, COPD, or similar conditions; we did not find any WTP studies that address sepsis, 
acute respiratory failure, or mechanical ventilation explicitly.23,24  
 
Table 3.5 Willingness to Pay Studies 

Study Data 
Collection 

Date 

Risk Characteristics Location Respondent 
Characteristics 

Dickie and 
Messman (2004) 

2000 16 profiles of varying duration, 
including acute episodes of cough with 
phlegm, shortness of breath with 
wheezing, chest pain on deep 
inspiration, and/or fever with muscle 
pain and fatigue 

Hattiesburg, 
Mississippi 

284 respondents, 
parents or guardians of 
children age 3–17 

Chestnut et al. 
(2006) 

2002 Cardiovascular, acute respiratory, and 
chronic respiratory conditions requiring 
future hospitalization 

California 397 respondents, 
previously hospitalized 
adult Kaiser Permanente 
patients 

Johnston et al. 
(2010) 

2008 Influenza, including fever, cough, sore 
throat, runny nose, and chills, lasting 
about 7 days 

3 large U.S. 
employersa 

2,006 respondents with 
at least one child age 17 
or younger 

Prosser et al. 
(2013) 

2007 Influenza of varying durations and 
severity, without and with 
hospitalization 

National 1,012 adult respondents  

Hammitt and 
Haninger (2017) 

2008 Conditions including influenza, 
respiratory infection, skin cancer, 
bronchitis, lung cancer, migraines, 
hepatitis, heart disease, liver disease, 
and Parkinson’s disease with duration 
of 1 month, 1 year, or lifetime 

National 2,184 adult respondents 

a. Employers included “a national retail chain, a transportation company, and a durable goods manufacturing 
company” (Johnston et al. 2010). 
 
Three of these studies (Dickie and Messman 2004; Chestnut et al. 2006; and Johnston et al. 2010), do 
not include nationally representative samples, both in terms of the locations from which the samples 
were drawn and the individual characteristics of the respondents. The remaining two studies are 

 
23 We exclude studies of asthma, given the significant differences between its symptoms and treatment and those 
associated with COVID-19. We also exclude studies of restricted activity days or school loss days associated with 
occasional exceedances of air pollution standards. While COVID-19 also restricts activities, the cause of the 
restrictions, their duration and pervasiveness, and nature of the restrictions, differ substantially from those that 
occur in the air pollution context. 
24 As discussed in the previous chapter, valuation of risks to others raises difficult, unresolved questions in the 
context of benefit-cost analysis. Thus, we only include studies that address risks to oneself, excluding studies (and 
estimates) that consider risk reductions that accrue to the community-at-large. The one exception is that we 
include studies of adult WTP to avoid risk to a child; typically parents or guardians as indicated under “Respondent 
Characteristics” in Table 3.5. As discussed in more detail in Robinson et al. (2019), in these cases we assume the 
adult is essentially acting as a proxy for the child, given the challenges of directly eliciting WTP from children.  
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national samples of adults; one addresses influenza (Prosser et al. 2013), the other includes influenza 
and other respiratory conditions along with a several other illnesses (Hammitt and Haninger 2017). 
 
In Table 3.6, we provide per case estimates from each study, focusing on the results featured by the 
authors in most cases. To the extent possible, we select the estimates that come closest to addressing 
the symptoms discussed in section 3.1. We update the values to 2020 dollars and income levels using 
the approach recommended in the HHS Guidelines. This approach involves using the Consumer Price 
Index to adjust for inflation, Current Population Survey earnings data to estimate the change in real 
income, and an income elasticity of 1.0 to reflect the extent to which the values change as real income 
changes.  
 
Table 3.6 Willingness to Pay Per Case 

Study Health Outcome WTP per Case:a 
As reported 

WTP per Case: 
2020 dollars and 

income levelb 

Dickie and Messman 
(2004) Median WTP, 6-days, all symptoms  

Child: $318 
Parent: $167 
(2000 dollars) 

Child: $545 
Parent: $287 

Chestnut et al. (2006) Mean WTP, 5-day hospitalization due to 
cardiac or respiratory illness 

$2,400 
(2002 dollars) 

$3,900 
 

Johnston, et al. (2010) Mean (median) WTP to prevent 
influenza lasting about 7 days 

Child: $142 ($50) 
Parent: $72 ($25) 

(2008 dollars) 

Child: $191 ($68) 
Parent: $97 ($33) 

Prosser, et al. (2013) Incremental WTP to avert 1 day of 
uncomplicated influenza (self) 

$62.54, $66.27c 

(2007 dollars) $88.54, $93.81c 

Prosser, et al. (2013) Incremental WTP to avert 1 day of 
influenza with hospitalization (self) 

$168.26, $513.06 c 

(2007 dollars) $238.18, $726.26c 

Hammitt and Haninger 
(2017) 

Value per statistical case of respiratory 
infection, 1 month  

$639,000, 
$716,000d  

(2008 dollars) 

$861,000, 
$965,000  

a. Estimates highlighted by authors unless otherwise noted. See text for more discussion. 
b. Updated to 2020 values based on the following: 
 Inflation: Bureau of Labor Statistics, Consumer Price Index – All Urban Consumers, not seasonally adjusted (series 

CUUR0000SA0), downloaded from https://www.bls.gov/data/#prices, on April 15, 2021.  
 Real income growth: Bureau of Labor Statistics, Current Population Survey, Median usual weekly earnings (series 

LEU0252881600), downloaded from https://www.bls.gov/webapps/legacy/cpswktab2.htm on April 15, 2021. 
 Income elasticity: 1.0 based on HHS Guidelines.  

c. The value listed first is based on traditional elicitation questions; the second is based on discrete choice experiment 
questions. 
d. Value per statistical case for respiratory infection, 1 month duration, calculated using regression in Table 4 (pooled) with 
alternative values of health-related quality of life (HRQL) loss with respiratory infection (0.043, 0.070) and other parameters 
fixed as in Table 6. Note that dividing these estimates by 30 to obtain values per 1 day case would require extrapolating outside 
the sample and would be inconsistent with the authors’ results, which find that values vary only weakly with duration. 
 
The Hammitt and Haninger (2017) study is different in significant respects from the other studies 
identified, including the severity and duration of the effects and the elicitation strategy. The authors 
elicit WTP for small reductions in the risk of suffering a nonfatal illness described by its HRQL impacts 
using the EuroQoL-5D (EQ-5D) index and its duration (1 month, 1 year, or lifetime), with disease names 
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provided to half the respondents.25 They estimate that WTP is larger for more severe and longer illness 
but is much less than proportionate to severity and duration. Compared to an approach that multiplies 
the expected QALY gain by a constant monetary value per QALY, this lack of proportionality yields values 
per statistical case that are much larger for short and mild illnesses, yet similar for lifetime chronic 
disease.  
 
Of these studies, Prosser et al. (2013) and Hammitt and Haninger (2017) come closest to meeting our 
criteria; both are based on nationally representative samples and provide estimates for respiratory 
conditions. Only the Prosser et al. study explicitly addresses one of the illnesses identified in section 3.1 
as a proxy for nonfatal cases of COVID-19. The Prosser et al. values for non-hospitalized influenza cases 
could be considered a reasonable proxy for COVID-19 acute mild disease, and their values for 
hospitalized cases could be considered a reasonable proxy for subsequent, more severe acute 
symptoms. When multiplied by the duration estimates in Table 3.3 in section 3.1 above, these estimates 
suggest values less than $1,000 per case of mild illness and less than $5,000 per case of severe illness for 
adults, excluding the post-acute symptoms. These estimates are much lower than the values that result 
from our alternative approach below. They also do not include treatment and other costs paid by third 
parties. The Hammitt and Haninger estimates are an imprecise match for our proxy conditions in terms 
of symptoms and duration. They are much larger than the values for all but critical cases using our 
alternative approach below, but provide some indication of the possible magnitude.  
 
Without more research, the extent to which these differences result from the methods used for 
valuation, the populations and health outcomes studied, or other factors is unclear. Given that every 
study has advantages and limitations, ideally we would like to be able to combine the results across 
several studies for each endpoint. At present, it appears that the WTP literature provides relatively little 
information for quantifying the value of reducing the morbidity risks associated with COVID-19.  
 
3.3 Monetized QALY Estimates 

Given the limitations of the WTP literature, in this section we explore the implications of the QALY 
literature for valuation. QALYs are nonmonetary measures that combine the amount of time that an 
individual spends in a health state with a measure of the severity of the health state, as discussed in 
Chapter 3 and Appendix C of the HHS Guidelines. HHS converts QALY estimates into monetary values by 
multiplying them by a constant value per QALY derived from its VSL estimates; estimates for 2020 are 
provided in Chapter 1 of this paper.  
 
QALYs are frequently used to integrate the effects of an intervention on both health and longevity. In 
the discussion that follows, we focus solely on their use to estimate changes in health while alive, given 
that our goal is to estimate the value of averting nonfatal effects. In developing QALY estimates, HRQL is 
commonly estimated using a scale anchored to zero (for states judged as bad as dead) and one 
(corresponding to full health), although HRQL may fall below zero when a state is deemed to be worse 

 
25 The EQ-5D is a generic instrument often used to describe HRQL; more information is available at 
https://euroqol.org/.  
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than dead. This HRQL estimate is then multiplied by the duration of the health state to estimate the 
associated QALYs.  
 
Our goal in this section is to identify HRQL estimates both for COVID-19 and for similar health outcomes 
(as discussed previously in section 3.1). We then compare these estimates of HRQL with the condition to 
HRQL without the condition, using estimates of population-average HRQL by age to represent likely 
health in the absence of COVID-19. We multiply these HRQL increments by duration for COVID-19 cases 
of differing severities to estimate the QALY gain associated with averting each type of case, and multiply 
the results by the central estimates of the constant value per QALY reported in Chapter 1.  
 
In reviewing the QALY literature, we begin with the same three criteria as noted in the preceding 
discussion of the WTP literature, focusing on publicly available primary research, written in English, 
based on data collected from 2000 to the search date, and published in peer-reviewed articles or 
reports. While we prioritize U.S. research, we expand our scope to include HRQL data collected in other 
high-income countries to provide additional insight.26  
 
In selecting studies, we apply additional selection criteria applicable to QALYs as recommended Figure 
3.4 in the HHS Guidelines and replicated below. 
 

1. QALY estimates should be based on research that addresses the risks and populations affected 
by the regulation. 

2. The description of the effects of the health state on quality of life should be based on 
information from those who have experienced the condition (such as patients). 

3. The preference weights placed on the health states should be based on a survey representative 
of the general U.S. population. 

4. The “without new regulation” baseline (with the condition) should be compared to a realistic 
estimate of “with-regulation” health status, which takes into account factors (such as age and 
co-morbidities unrelated to the regulated hazard) that may lead those affected to be in less than 
perfect health once the regulation is implemented.  

5. The implications of related uncertainties should be discussed and addressed quantitatively if 
significant. 

 
We apply criteria 1, 2, and 3 directly as discussed below. To address criterion 4, in our illustrative 
calculations we assume that the analysis compares individuals with nonfatal cases of COVID-19 (in the 
absence of the regulation) to similar individuals of the same age without the condition (with the 
regulation), as discussed in more detail later in this section. Consistent with criterion 5, we also describe 
the uncertainties associated with this approach. 
 

 
26 Unlike WTP estimates, QALYs are not monetary values that reflect the opportunity cost of spending and hence 
may be less sensitive to cross-country economic differences. However, they may be sensitive to other differences 
such as cultural attitudes, lifestyle factors, and characteristics of the health care system.  
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In addressing the first criterion, similarity of the risks and populations, we review both studies that 
characterize COVID-19 morbidity risks directly and studies that characterize the risks of the proxy 
conditions described in section 3.1, given that studies that explicitly address COVID-19 are limited. We 
assume that HHS analysts will primarily apply the values to regulations or other policies that affect the 
U.S. population nationally. Thus, ideally we would restrict attention to studies that collect data from 
representative samples of the U.S. population as a whole. Given the small number of studies that meet 
this criterion, we also consider studies that address a subset of the U.S. population; e.g., those in a 
particular location or health care system. We prioritize studies with data from at least 100 patients as an 
indicator of the likely representativeness of the sample. However, given the narrow patient inclusion 
criteria applied in some studies, we report data from smaller samples as supplementary estimates. We 
also include data from other high-income countries to provide insight when sufficient U.S. data are not 
available.27  
 
To address the second criterion, descriptions of impacts from patients, we prioritize studies in which 
patients describe the effects of a disease on their quality of life. Commonly, these patients complete 
structured surveys associated with generic HRQL indices — such as the EQ-5D, Health Utilities Index 
(HUI), SF-6D, or Quality of Well-Being (QWB) Scale — that capture the impacts of a disease on 
dimensions of health, such as functional status and pain. When few such studies are available, we also 
consider studies that instead rely on expert assessment of impacts using a structured survey 
instrument.28 
 
For the third criterion, preference weights, we focus on data from the general population. Structured 
survey instruments, such as those described above, are typically used to assess preferences for health 
states using weights derived from the responses of samples of the general public. We prioritize research 
using the EQ-5D index because weights specific to the U.S. population have been developed.29 When 
few studies using this index and weights are available, we consider results using other HRQL indices as 
supporting evidence.30 
 

 
27 We define high-income as 50 percent or more of U.S. GNI per capita in 2018 using the purchasing power parity 
(PPP) method as documented by the World Bank (https://data.worldbank.org/indicator/NY.GNP.PCAP.PP.CD, as 
viewed August 22, 2020). At that time, GNI per capita for the U.S. was $63,780; hence, we include countries with a 
GNI per capita using the PPP method of $31,890 or higher. As noted in the text, for some outcomes we expanded 
the search to include all countries regardless of income level, due to the lack of research from higher income 
countries. 
28 We exclude estimates that are not based on primary research involving original data collection from patients or 
expert assessment using a structured survey instrument. 
29 When a study uses a single population to report results corresponding to the EQ-5D index as well as other HRQL 
estimates, we report only the EQ-5D estimates. When HRQL is weighted using estimates from multiple countries, 
we use weights corresponding to the U.S. or to the country closest to the U.S. in GNI per capita. 
30 We exclude HRQL estimates that use scales not indexed to values of zero and one.  
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3.3.1 HRQL Estimates from COVID-19 Studies 

To identify HRQL estimates from the literature for COVID-19, we conducted targeted Google Scholar 
searches using the criteria listed above.31 The estimates that we present all use the EQ-5D index but 
come from high-income countries outside of the U.S., given that no evidence from the U.S. meeting our 
criteria was available. Table 3.7 presents the “with condition” HRQL estimates obtained from the review.  
 
Table 3.7 HRQL Studies, COVID-19 

Study Location HRQL 
Scale Population Average 

Age Health State HRQL Score 

Garrigues 
et al. 
2020 

France, one 
hospital 

EQ-5D, 
French 
weights 

96 patients 64.1 COVID-19, 
hospitalized in ward, 
post-discharge, mean 
of 110.9 days after 
hospital admissiona 

0.86 

Garrigues 
et al. 
2020 

France, one 
hospital 

EQ-5D, 
French 
weights 

24 patients  59.6 COVID-19, 
hospitalized in ICU, 
post-discharge, mean 
of 110.9 days after 
hospital admissiona 

0.82 

Meys et 
al. 2020 

Belgium, 
members of 
online support 
group 

EQ-5D, 
German 
weights 

622 patients  45 COVID-19, non-
hospitalized, mean of 
79 days after 
symptom onset 

0.62 

Garratt et 
al. 2021 

Norway, 
population-based 
cohort 

EQ-5D, 
U.K. 
weights 

458 patients  49.5 COVID-19, non-
hospitalized, mean of 
4 months after 
symptom onset 

0.82 

Halpin et 
al. 2021 

U.K., one hospital EQ-5D, 
U.K. 
weightsb 

68 patients  70.5c COVID-19, 
hospitalized in ward, 
mean of 48 days after 
hospital discharged 

0.724 

Halpin et 
al. 2021 

U.K., one hospital EQ-5D, 
U.K. 
weightsb 

32 patients  58.5c COVID-19, 
hospitalized in ICU, 
mean of 48 days after 
hospital discharged 

0.693 

Range of estimates, primary selection criteria 0.62 to 0.86 
Supplementary estimates based on small samples and/or expert assessments 
Taboada 
et al. 
2020 

Spain, one 
hospital 

EQ-5D, 
weights 
not 
specified 

91 patients 65.5 COVID-19, critically ill, 
ARDS, admitted to 
ICU, 6 months after 
ICU discharge 

0.7054 

Range of estimates, primary and supplemental studies 0.62 to 0.86 
a. Mean time from hospital admission corresponds to the overall sample of 120 patients. 
b. The authors do not explicitly report the country weights used but describe a U.K. population. 
c. Age estimates correspond to sample medians. 
d. Mean time after hospital discharge corresponds to the overall sample of 100 patients. Halpin et al. (2021) report that the 
median length of stay was 6.5 days for ward patients and 12 days for ICU patients. 

 
31 Search terms included “quality of life,” “HRQL,” “QOL,” “EQ-5D” or “EuroQoL” and “COVID” or “COVID-19.” The 
search was conducted in January 2021.  
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All of the identified estimates correspond to HRQL of post-acute COVID-19. In these studies, HRQL was 
measured, at the earliest, an average of 48 days after hospital discharge, and at the latest, six months 
after ICU discharge. HRQL estimates range from 0.62 to 0.86, with higher values generally but not 
always corresponding to younger and less severely ill patient populations. 
 
Given the different patient populations and small sample sizes, an important consideration is whether 
these estimates reflect the causal impact of COVID-19  as opposed to idiosyncratic characteristics of 
the populations  and allow for extrapolation to the general U.S. population. Some studies have 
attempted to measure the change between recalled HRQL before COVID-19 and HRQL after COVID-19 
diagnosis as an indicator of the likely causal effect of COVID-19, but these studies may be subject to 
recall bias. Halpin et al. (2021) asked patients to recall their HRQL prior to the COVID-19 episode and 
found that most patients reported a decline in HRQL after admission for COVID-19. Similarly, Taboada et 
al. (2020) found a significant decline in HRQL among ICU patients after the COVID-19 episode compared 
with their recalled HRQL prior to the episode. Other studies have noticed diminished HRQL among 
COVID-19 patients relative to general populations (Chen et al. 2020; Arnold et al. 2020; Garratt et al. 
2021). However, these studies have not attempted to control for baseline patient characteristics and not 
all of these studies met the inclusion criteria for our review. Some, but not all, of these studies found a 
significant decline in HRQL among COVID-19 patients studied relative to the general population.  
 
While post-acute outcomes for patients with mild COVID-19 generally appear good (Garratt et al. 2021), 
measured HRQL is low for certain populations of patients with initially mild disease. Meys et al (2020) 
report on a Belgian population consisting of members of an online support group, who reported a mean 
HRQL score of 0.62. This study is unlikely to be representative of the broader population of patients with 
initially mild COVID-19 symptoms, but it draws attention to the potential for persistent and poor 
outcomes that may not align with the severity of the acute episode. One Dutch study noted that a 
population of COVID-19 patients with initially mild disease who had symptoms persisting for greater 
than six weeks exhibited lower HRQL in most domains than a population of discharged hospitalized 
patients (van den Borst et al. 2020). While this population of non-hospitalized patients is unlikely to be 
representative of the broader population of patients with initially mild disease, these results highlight 
the heterogeneity in COVID-19 symptoms and suggest the need for careful measurement of the 
population-level effects of COVID-19.  
 
Researchers have initiated follow-up studies to measure the effects of COVID-19 over a period of one 
year or longer (Marshall 2020). However, the results of these studies were not available at the time this 
review was conducted. 
 
Given the limited body of evidence on COVID-19 HRQL – particularly the shortage of evidence on HRQL 
corresponding to acute disease, the uncertain representativeness of the samples used, and the lack of 
evidence on long-term HRQL – we rely primarily on HRQL estimates for related conditions to develop 
values. The following section describes results from review of these studies. 
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3.3.2 HRQL Estimates from Studies of Similar Conditions 

To identify HRQL estimates from the literature for conditions related to COVID-19 as described in section 
3.1, we start with studies listed in the comprehensive Tufts Medical Center Cost-Effectiveness Analysis 
(CEA) Registry and compare them to the three criteria listed above.32 Because that database focuses on 
cost-effectiveness analyses and excludes studies that provide QALY estimates without comparing them 
to costs, we reviewed the reference lists from relevant studies and also conducted targeted Google 
Scholar searches for each condition to identify additional studies.33 We discuss our findings for each 
health condition below.  
 

3.3.2.1 Influenza 
As noted earlier, we begin with selection criteria that focus attention on those high-quality studies most 
applicable to the risks and populations likely to be addressed in HHS regulatory analyses. These include 
data collected from a sample at least 100 U.S. individuals, patient-reported HRQL estimates, and U.S. 
EQ-5D preference weights. However, we did not identify any studies of influenza that met these criteria. 
We then expanded our search to include data from other high-income countries and other HRQL indices, 
and identified three studies that provide nine estimates of HRQL across various influenza severity 
categories. When we further relaxed our criteria to include smaller sample sizes and expert 
assessments, we identified an additional four studies and five estimates of HRQL. We include both 
confirmed cases of influenza as well as influenza-like illnesses. Because descriptions of severity are not 
standardized across studies, these estimates may not be fully comparable. 
 
Table 3.8 presents the “with condition” HRQL estimates from these studies, which vary from less than 
zero to 0.7. Excluding estimates based on small patient samples (less than 100 participants in total) or 
expert assessment narrows the range to between 0.23 and 0.7. Estimates tend to be higher for influenza 
cases noted as not involving hospital care (0.50 to 0.70) compared with cases noted as involving hospital 
care (0.23 to 0.62). Estimates were also higher for influenza-like illness compared with confirmed 
influenza disease. None of the studies reports using U.S. preference weights, which may lead to 
different results (Johnson et al. 2005; Galante et al. 2011). 
 
  

 
32 We thank Dan Ollendorf and Lauren Do, of Tufts Medical Center’s Center for the Evaluation of Value and Risk in 
Health, for providing an extract from their CEA Registry that includes data from studies addressing respiratory 
conditions on April 16, 2020. More information on the CEA Registry is available here: 
https://cevr.tuftsmedicalcenter.org/databases/cea-registry.  
33 Search terms included “quality of life,” “QOL,” “EQ-5D” or “EuroQoL” and “influenza,” “flu,” “COPD,” “sepsis,” 
“mechanical ventilation,” “acute respiratory distress syndrome,” “ARDS,” “acute respiratory failure,” or “ARF.” The 
search was conducted in August 2020.  
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Table 3.8 HRQL Studies, Influenza 

Study Location HRQL Scale Population Average 
Age Health State HRQL 

Score 
Van Hoek et 
al. 2011 

U.K. 
(England) 

EQ-5D, U.K. 
weights 

46 patients Not 
provided 

Influenza-like illness, worst 
day of illness 

0.34  

Van Hoek et 
al. 2011 

U.K. 
(England) 

EQ-5D, U.K. 
weights 

114 patients Not 
provided 

Laboratory-confirmed 
H1N1 influenza, worst day 
of illness 

0.29  

Hollmann et 
al. 2013 

Spain, 36 
hospitals 

EQ-5D, 
Spanish 
weights 

563 patients 39.15 Laboratory-confirmed 
H1N1 influenza, outpatient 
care 

0.50 

Hollmann et 
al. 2013 

Spain, 36 
hospitals 

EQ-5D, 
Spanish 
weights 

432 patients 43.44 Laboratory-confirmed 
H1N1 influenza, inpatient 
care 

0.23 

Bilcke et al. 
2014 

Belgium, 
national 
sample 

SF-6D, U.K. 
weights 

1,107 
patients 

Not 
provided 

Influenza-like illness, not 
seeking ambulatory or 
hospital care 

0.70 

Bilcke et al. 
2014 

Belgium, 
national 
sample 

SF-6D, U.K. 
weights 

1,116 
patients 

Not 
provided 

Influenza-like illness, 
seeking ambulatory care 

0.68 

Bilcke et al. 
2014 

Belgium, 
national 
sample 

SF-6D, U.K. 
weights 

429 patients Not 
provided 

Physician-diagnosed 
influenza, seeking 
ambulatory care 

0.68 

Bilcke et al. 
2014 

Belgium, 
national 
sample 

SF-6D, U.K. 
weights 

24 patients Not 
provided 

Influenza-like illness, 
hospitalized 

0.61 

Bilcke et al. 
2014 

Belgium, 
national 
sample 

SF-6D, U.K. 
weights 

6 patients Not 
provided 

Physician-diagnosed 
influenza, hospitalized 

0.62 

Range of estimates, primary selection criteria 0.23 to 
0.70 

Supplementary estimates based on small samples and/or expert assessments 
Griffin et al. 
2001 

U.K. EQ-5D, U.K. 
weights 

21 patients Not 
provided 

Laboratory-confirmed 
influenza infection 

-0.066c 

Griffin et al. 
2001 

U.K. EQ-5D, U.K. 
weights 

Expert 
assessment 

N/A Influenza among 
hypothetical high-risk 
patient 

-0.263c 

Brady et al. 
2001 

Canada HUI Mark 3, 
weights not 
reporteda 

11 adultsb Not 
provided 

Influenza 0.636 

Mauskopf et 
al. 2000 

N/A QWB, 
weights not 
reporteda 

Expert 
assessment  

N/A Influenza 0.5579 

Muennig 
and Khan 
2001 

N/A QWB, 
weights not 
reporteda 

Expert 
assessment 

N/A Influenza-like illness 0.61 

Range of estimates, primary and supplemental studies -0.263 
to 0.70 

a. Given the weights available, the HUI most likely reflects Canadian weights and the QWB most likely reflects U.S. weights. 
b. Authors do not indicate whether adults were former patients. 
c. Authors do not discuss the reasons for these very low HRQL scores. 
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As noted in section 3.1, we use influenza as a proxy condition for the effects of the mild acute phase of 
COVID-19, and influenza with respiratory complications as a proxy for the severe acute phase. Thus for 
the mild acute phase, we rely on influenza HRQL estimates for cases not described as receiving hospital 
care, which range from 0.50 to 0.70. In our illustrative calculations later in this chapter, we use a 
working assumption of 0.60, the midpoint of this range, for the HRQL of acute, mild COVID-19. Similar 
estimates have been used in cost-effectiveness analyses to value HRQL of influenza without 
hospitalization (Lee et al. 2015). 
 
In the severe acute phase, COVID-19 cases are typically hospitalized. We exclude the HRQL scores less 
than zero (worse than dead), because they come from a small study that does not explain the reason for 
these exceedingly low values. Accordingly, we focus on HRQL estimates for influenza cases identified as 
receiving hospital care which range from 0.23 to 0.62. In our illustrative examples, we use a working 
assumption of 0.43, the approximate midpoint of this range, for the HRQL of acute, severe COVID-19. 
 

3.3.2.2 Chronic obstructive pulmonary disease (COPD) 
Next, we review estimates of COPD as a proxy for post-acute severe COVID-19. Given the relatively large 
number of studies that address COPD, we are able to focus on those that meet our preferred selection 
criteria. These include data collected from a sample of at least 100 U.S. individuals, patient-reported 
quality of life estimates, and U.S. EQ-5D preference weights.  
 
As indicated in Table 3.9, “with condition” estimates range from 0.62 to 0.83 for baseline COPD disease. 
Estimates for individuals with more severe disease are typically lower than estimates for individuals with 
milder disease. The symptoms of COPD vary over time and are more pronounced during disease 
exacerbations. When the HRQL of COPD exacerbations was explicitly assessed, HRQL estimates were 
also lower, ranging between 0.49 and 0.59. 
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Table 3.9 HRQL Studies, COPD 

Study Location HRQL Scale Population Average 
Age Health State HRQL 

Score 
Solem et 
al. 2013 

U.S., national EQ-5D, U.S. 
weights 

190 
patients 

67.4 COPD, severe 0.707 

Solem et 
al. 2013 

U.S., national EQ-5D, U.S. 
weights 

124 
patients  

68.8 COPD, very 
severe  

0.623 

Solem et 
al. 2013 

U.S., national EQ-5D, U.S. 
weights 

190 
patients 

67.4 COPD, severe, 
most recent 
exacerbation 

0.590 

Solem et 
al. 2013 

U.S., national EQ-5D, U.S. 
weights 

124 
patients  

68.8 COPD, very 
severe, most 
recent 
exacerbation 

0.494 

Lin et al. 
2014 

U.S., clinical centers EQ-5D, U.S. 
weightsa 

102 
patients  

72.1 COPD, GOLD 
stage Ib 

0.81 

Lin et al. 
2014 

U.S., clinical centers EQ-5D, U.S. 
weightsa 

353 
patients  

68.3 COPD, GOLD 
stage II 

0.81 

Lin et al. 
2014 

U.S., clinical centers EQ-5D, U.S. 
weightsa 

165 
patients  

67.7 COPD, GOLD 
stage III 

0.76 

Lin et al. 
2014 

U.S., clinical centers EQ-5D, U.S. 
weightsa 

50 patients 65.1 COPD, GOLD 
stage IV 

0.74 

Rutten-van 
Mölken et 
al. 2006 

14 countriesc EQ-5D, U.S. 
weights 

622 
patients  

64.0 COPD, GOLD 
stage II 

0.832 

Rutten-van 
Mölken et 
al. 2006 

14 countriesc EQ-5D, U.S. 
weights 

513 
patients 

65.6 COPD, GOLD 
stage III 

0.803 

Rutten-van 
Mölken et 
al. 2006 

14 countriesc EQ-5D, U.S. 
weights 

91 patients 61.6 COPD, GOLD 
stage IV 

0.731 

Pickard et 
al. 2011 

U.S., one Veterans 
Affairs hospital 

EQ-5D, U.S. 
weights 

23 patients  72.3 COPD, GOLD 
stage I 

0.80 

Pickard et 
al. 2011 

U.S., one Veterans 
Affairs hospital 

EQ-5D, U.S. 
weights 

53 patients 71.7 COPD, GOLD 
stage II 

0.70 

Pickard et 
al. 2011 

U.S., one Veterans 
Affairs hospital 

EQ-5D, U.S. 
weights 

27 patients 70.4 COPD, GOLD 
stage III 

0.72 

Pickard et 
al. 2011 

U.S., one Veterans 
Affairs hospital 

EQ-5D, U.S. 
weights 

17 patients 73.3 COPD, GOLD 
stage IV 

0.72 

Range of estimates, primary selection criteriad 0.494 to 
0.832 

a. The authors do not explicitly report the country weights used but refer to HRQL scores for the U.S. population. 
b. “GOLD” refers to the Global Initiative for Chronic Obstructive Lung Disease grading system. More information is available at 
https://goldcopd.org/. 
c. Countries include U.S., Czech Republic, Spain, Denmark, Germany, Poland, the Netherlands, Italy, France, Hungary, Russia, 
Belgium, and Australia. Of the total sample, 34.5% were U.S. patients. While the U.S. results are not reported separately, the 
authors estimate that U.S. patients had HRQL scores that were between 0.04 and 0.15 higher than the scores of Italian, Czech, 
Polish, and French patients but 0.06 lower than Danish patients. 
d. Due to the large number of studies that meet our primary selection criteria, we do not report the results of supplemental 
COPD studies. 
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Given that individuals with mild COVID-19 appear unlikely to experience very severe post-acute 
symptoms, we assume that moderate COPD (Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) stage II) is the best proxy. We are not able to more precisely match post-acute COVID-19 
symptoms to specific COPD severity levels given the limited COVID-19 data available. Estimates 
corresponding to moderate COPD ranged from 0.70 to 0.832. We use a working assumption of 0.77, the 
approximate midpoint of this range, in our illustrative calculations to correspond to HRQL of post-acute 
mild COVID-19 disease. 
 
Information on post-acute severe COVID-19 symptoms is also limited, and we are again not able to 
precisely match the symptoms to a particular COPD category. We assume that severe COPD (GOLD stage 
III) corresponds most closely to post-acute severe COVID-19. Estimates for severe COPD HRQL ranged 
from 0.707 to 0.81. We use a working assumption of 0.76, the approximate midpoint of this range, for 
the HRQL associated with post-acute severe COVID-19. 
 

3.3.2.3 Acute sepsis, respiratory failure, and prolonged mechanical ventilation 
We next review the literature on acute sepsis, conditions involving acute respiratory failure, and 
conditions involving prolonged mechanical ventilation, which we use as proxies for acute critical COVID-
19. Obtaining primary evidence on health status among critically ill patients is difficult and infrequently 
attempted (Heyland et al. 1998).  
 
Consistent with these concerns, we did not find any studies that met our preferred criteria for inclusion. 
Expanding our criteria to include all countries regardless of income level, small sample sizes, and primary 
data collection from experts and the general public, we identified the two studies reported in Table 
3.10. These studies report “with condition” HRQL estimates of -0.295 and 0.23.34  
 
Table 3.10 HRQL Studies, Acute Sepsis and Mechanical Ventilation 

Study Location HRQL Scale Populationa Average 
Age Health State HRQL 

Score 
Galante et 
al. 2011 

Argentina, 
convenience 
sample 

EQ-5D, U.K. 
weights 

73 members 
of the general 
public 

31 Sepsis from 
pneumococcal 
disease 

-0.295 

Hung et al. 
2010 

Taiwan, five 
medical 
institutions 

EQ-5D, 
Taiwanese 
weights 

55 patients 70.9 Conditions requiring 
prolonged 
mechanical 
ventilation 

0.23 

Range of estimates, supplemental studiesa -0.295 
to 0.23 

a. No studies were identified that meet our primary selection criteria. 
 
Given the limited data available, it is difficult to estimate HRQL for these conditions. Several studies have 
recommended using a HRQL estimates of 0.1 for sepsis and other conditions treated in the ICU (Wu et 

 
34 In addition to the limitations noted in the text, another concern in this case is the extent to which patients in 
particularly critical condition can be surveyed, which may bias available HRQL estimates upwards. 
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al. 2018; Macario et al. 2006). Thus we use an estimate of 0.1 as a proxy to value acute critical cases of 
COVID-19. 
 

3.3.2.4 Post-acute sepsis, respiratory failure, and prolonged mechanical ventilation 
Finally, we review the literature on long-term outcomes of sepsis, conditions involving acute respiratory 
failure, and conditions involving prolonged mechanical ventilation as proxies for post-acute critical 
COVID-19. We again did not find any studies that met our preferred selection criteria. We then relaxed 
our criteria to consider evidence from other high-income countries and indices other than the EQ-5D. 
We identified four studies and seven estimates that met these criteria. When we further relaxed our 
criteria to allow for studies that collected data from fewer than 100 patients and evidence based upon 
expert assessment, we identified one additional study providing four HRQL estimates.  
 
Table 3.11 reports the results, which include “with condition” HRQL scores ranging from 0.5 to 0.75 over 
a period of up to one year. These studies suggest that quality of life may improve somewhat for 
survivors of these conditions over the first three months following acute disease, but then plateaus. 
Estimates corresponding to six months or one year after the acute episode range between 0.64 and 
0.75. 
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Table 3.11 HRQL Studies, Post-Acute Sepsis, ARDS, and Acute Respiratory Failure 

Study Health State HRQL Scale Populationa Average 
Age Health State HRQL 

Score 
Higgins et 
al. 2019 

Australia, New 
Zealand, Finland, 
Hong Kong, 
Ireland, 51 
hospitals 

EQ-5D, U.K. 
weights 

496 
patients  

63.1a Septic shock, usual 
care, survivors at 6 
months 

0.64 

Higgins et 
al. 2019 

Australia, New 
Zealand, Finland, 
Hong Kong, 
Ireland, 51 
hospitals 

EQ-5D, U.K. 
weights 

458 
patients 

63.1a Septic shock, usual 
care, survivors at 
12 months 

0.64 

Linko et al. 
2010 

Finland, 25 ICUs EQ-5D, Finnish 
weights 

288 
patients  

64 Acute respiratory 
failure, ICU 
survivors at 1 year 

0.70 

Hofhuis et 
al. 2008; Kip 
et al. 2018 

Netherlands, 
one surgical-
medical ICU 

SF-36 converted 
to EQ-5D, U.K. 
weightsb 

121 
patients  

66c Severe sepsis, at 
ICU discharge 

0.50 

Hofhuis et 
al. 2008; Kip 
et al. 2018 

Netherlands, 
one surgical-
medical ICU 

SF-36 converted 
to EQ-5D, U.K. 
weightsb 

101 
patients  

66c Severe sepsis, at 
hospital discharge 

0.64 

Hofhuis et 
al. 2008; Kip 
et al. 2018 

Netherlands, 
one surgical-
medical ICU 

SF-36 converted 
to EQ-5D, U.K. 
weightsb 

96 patients  66c Severe sepsis, 3 
months after ICU 
discharge 

0.73 

Hofhuis et 
al. 2008; Kip 
et al. 2018 

Netherlands, 
one surgical-
medical ICU 

SF-36 converted 
to EQ-5D, U.K. 
weightsb 

95 patients  66 Severe sepsis, 6 
months after ICU 
discharge 

0.75 

Range of estimates, primary selection criteria 0.50 to 
0.75 

Supplementary estimates based on small samples and/or expert assessments 
Drabinski et 
al. 2001 

U.S., 53 
hospitals  

EQ-5D, weights 
not described 
(assumed U.S.) 

93 patients  60 Severe sepsis, 30 
days after initial 
hospitalization 
(some still 
hospitalized) 

0.56 

Drabinski et 
al. 2001 

U.S., 53 
hospitals  

EQ-5D, weights 
not described 
(assumed U.S.) 

93 patients  60 Severe sepsis, 60 
days after initial 
hospitalization  

0.62 

Drabinski et 
al. 2001 

U.S., 53 
hospitals  

EQ-5D, weights 
not described 
(assumed U.S.) 

93 patients  60 Severe sepsis, 90 
days after initial 
hospitalization  

0.68 

Drabinski et 
al. 2001 

U.S., 53 
hospitals  

EQ-5D, weights 
not described 
(assumed U.S.) 

93 patients  60 Severe sepsis, 180 
days after initial 
hospitalization  

0.69 

Range of estimates, primary and supplementary studies 0.50 to 
0.75 

a. Corresponds to average age of usual care population in the overall study (n=798), not all of whom had HRQL measured. 
b. Authors do not report the source of the weights but refer to an algorithm based on U.K. weights. 
c. Corresponds to survivors at 6 months. The larger population of patients mentioned in the trial includes 170 severe sepsis 
patients, not all of whom had HRQL measured, and this population had a mean age of 70. 
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Our working assumption for our illustrative calculations is that individuals with critical COVID-19 disease 
will experience chronic symptoms for the remainder of their lives, consistent with prior research that 
has modeled the long-term effects of critical disease on patients (Khazeni et al. 2009). While longer-
term HRQL scores were not available, some research suggests that HRQL remains depressed at five 
years among ICU survivors of acute respiratory distress syndrome (Herridge et al. 2011), as well as for 
other conditions treated in ICUs (Cuthbertson et al. 2010).35 Based on the HRQL estimates we reviewed, 
we use a working assumption of 0.70, the midpoint of the range of estimates at 6 months or longer from 
the acute episode of critical disease, to correspond to the HRQL of post-acute critical COVID-19 disease. 
This estimate is particularly uncertain given the current limited knowledge of COVID-19 long-term 
effects and the limited data on long-term HRQL estimates for other critical diseases. 
 

3.3.2.5 Summary of HRQL estimates 
In Table 3.12, we summarize the results of our HRQL literature review, focusing on the studies that best 
meet our selection criteria. As is evident from the table, these estimates cover relatively wide ranges 
that come close to overlapping in most cases despite differences in the severity of the conditions. These 
ranges reflect variation in the populations, indices, weights, conditions, and other characteristics of the 
methodology across studies, not simply differences in the diseases themselves. 
 
Table 3.12 Summary of “With Condition” HRQL Estimates 

COVID-19 Phase Similar Proxy Disease “With Condition” HRQL 
Estimates for Proxy Diseasea 

Typical Age Group 
for Estimatesb 

Mild case 
Mild acute phase Influenza 0.60 (0.50 – 0.70) 40 – 49 
Mild post-acute 
phase 

Chronic obstructive pulmonary 
disease 

0.77 (0.70 – 0.83) 60 – 69 

Severe case 
Mild acute phase Influenza 0.60 (0.50 – 0.70) 40 – 49 
Severe acute 
phase 

Influenza with respiratory 
complications 

0.43 (0.23 – 0.62) 40 – 49 

Severe post-
acute phase 

Chronic obstructive pulmonary 
disease 

0.76 (0.71 – 0.81) 60 – 69 

Critical case 
Mild acute phase Influenza 0.60 (0.50 – 0.70) 40 – 49 
Critical acute 
phase 

Sepsis, conditions requiring prolonged 
mechanical ventilation 

0.10 (-0.30 – 0.23) 40 – 49 

Critical post-
acute phase 

Chronic health states associated with 
sepsis, conditions involving acute 
respiratory failure, conditions 
requiring prolonged mechanical 
ventilation 

0.70 (0.64 – 0.75) 60 – 69 

a. Reported numbers include the midpoint of HRQL estimates from the literature reviewed above as well as the range of 
estimates. 
b. Typical 10-year age bands that correspond most closely to the average ages of individuals considered in the studies. 

 
35 The risk of mortality is elevated for years after treatment for critical disease but is not captured by these HRQL 
estimates (Wiersinga et al. 2020; Cuthbertson et al. 2010). We discuss the valuation of COVID-19 mortality risks in 
Chapter 2. 
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To estimate the effect of reducing the risk of COVID-19 infections, we need to calculate HRQL both with 
and without the condition. As discussed in more detail below, population-average HRQL generally 
decreases as age increases. Most of the studies we reviewed on average address middle-aged or elderly 
adults, as summarized in Table 3.12. It is unclear whether these “with condition” HRQL estimates would 
vary significantly if a younger or older population was considered. Uncertainties in the COVID-19 disease 
descriptions, in the identification of these proxy conditions, and in the methods, populations, and risks 
addressed in the literature summarized above, mean that the application of these estimates will lead to 
highly uncertain values. We illustrate the use of these estimates and discuss the implications in the 
following section. 
 

3.3.3 Values per Nonfatal Statistical Case 

In the regulatory analysis context, the estimates in the prior section reflect HRQL in the absence of the 
policy; i.e., with COVID-19. Estimating and valuing the gain attributable to a regulation or other policy 
that averts the condition requires three additional steps: (1) comparison to HRQL without the condition, 
(2) multiplication of the HRQL increment by duration to estimate the QALY gain, and (3) multiplication of 
the QALY gain by the values per QALY reported in Chapter 1.  
 
In this section, we provide illustrative estimates. As noted earlier, analysts will need to review more 
recent data and consider the effects of the specific regulation or other policy to determine the age 
groups most likely affected and the characteristics of the cases averted.  
 
To estimate HRQL in the absence of COVID-19, we rely on Hanmer et al. (2006) estimates of population-
average HRQL, focusing on EQ-5D estimates with U.S. weights, consistent with the approach HHS uses to 
estimate the value per QALY. That study addresses individuals age 20 through 89 in 10-year age groups. 
We report the results in Table 3.13.  
 
Table 3.13 Population-Average U.S. HRQL by Age Groupa 

Age Group Population-Average HRQL Scoreb 
20 – 29 0.921 
30 – 39 0.906 
40 – 49 0.875 
50 – 59 0.849 
60 – 69 0.826 
70 – 79 0.787 
80 – 89 0.753 

a. Hanmer et al. (2006), Table 3.  
b. Estimates are midpoint values for males and females. In some cases, the population- average HRQL scores are higher than 
the “with condition” HRQL scores summarized in Table 3.12. We describe an adjustment that may used in this case as part of 
our recommendations below. 
 
Applying the estimates in Table 3.13 raises several challenges. First, given the prevalence of health 
impairments in those affected by severe COVID-19, in the absence of the disease their HRQL may be 
lower than the population-average for their age group. Second, the estimates of HRQL with the 
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conditions in the previous sections reflect different age groups as well as different populations (with 
possibly different comorbidities than the population averages represented in Table 3.13), indices, and 
preference weights. Third, for the long-term post-acute effects of critical cases, we have little 
information on the extent to which HRQL changes over time. Finally, it is unclear how to generalize the 
estimates provided in Table 3.12 to alternative ages. Thus, the resulting estimates should be considered 
illustrative of possible magnitude rather than definitive. 
 
To calculate the effect of illness on individuals with different baseline health, we assume that the illness 
decreases baseline health by a constant fraction, and that this proportional decrease is constant across 
age groups. To operationalize this calculation, we divide the “with condition” HRQL from Table 3.12 by 
the population-average HRQL from Table 3.13 for an individual in the corresponding typical age group. 
For example, we divide the HRQL for mild acute phase (influenza) by the HRQL for ages 40-49 and the 
HRQL for mild post-acute phase (COPD) by the HRQL for ages 60-69. We then multiply this intermediate 
estimate by the population-average HRQL corresponding to each age category to yield estimates of the 
“with condition” HRQL for each age range.  
 
Individuals under age 20 were not included in the Hanmer et al. (2006) study we use to estimate 
“without condition” HRQL. Individuals under age 20 also were not well represented in the “with 
condition” estimates of HRQL obtained from literature review. Given the limited evidence, we suggest 
that analysts use HRQL estimates corresponding to the 20 to 29 age group to approximate HRQL among 
individuals under age 20. Similarly, given that estimates for individuals age 90 and older are not included 
in the Hanmer et al. (2006) study, we recommend that analysts use HRQL estimates corresponding to 
the 80 to 89 age group to approximate “without condition” HRQL among individuals 90 and older. 
 
We use the resulting proportional changes in HRQL to estimate “with condition” HRQL for each severity 
category, phase, and for three illustrative ages (20, 40, and 70). These results are reported in Table 3.14. 
These estimates are generally in the range of estimates provided in Table 3.7, which summarizes the 
available evidence for patients with COVID-19. Thus, our estimates appear consistent with the limited 
COVID-19 HRQL data available. 
 
Table 3.14 Estimated “With-Condition” HRQL for Proxy Conditions, Illustrative Estimates by Age 

COVID-19 Phase HRQL, Age 20 HRQL, Age 40 HRQL, Age 70 
Mild Case 
 Mild acute phase 0.632 0.600 0.540 
 Mild post-acute phase 0.858 0.816 0.373 

Severe Case 
 Mild acute phase 0.632 0.600 0.540 
 Severe acute phase 0.245 0.430 0.639 
 Severe post-acute phase 0.847 0.805 0.724 

Critical Case 
 Mild acute phase 0.632 0.600 0.540 
 Critical acute phase 0.105 0.100 0.090 
 Critical post-acute phase 0.078 0.174 0.667 
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Next, we use the HRQL estimates reported in Table 3.13 and Table 3.14 to calculate the change in QALYs 
per symptomatic case. First, we calculate the absolute change in HRQL score for each category, phase, 
and age group, by comparing the values from the two tables. For example, the change in HRQL for the 
mild acute phase for a 40-year-old would be (0.875)  (0.600) = 0.275. We then multiply by the 
duration of each condition from section 3.1 to estimate the change in QALYs. As part of this calculation, 
we convert from days to years assuming 365 days per year. For example, the change in QALYs for the 
mild acute phase for a 40-year-old would be (0.275) * (10 / 365) = 0.008. The results for all disease 
phases and age groups are reported in Table 3.15. 
 
Table 3.15 Estimated Change in QALYs per Nonfatal Symptomatic Case, based on Proxy Conditions 

COVID-19 Phase QALY change, age 20 QALY change, age 40 QALY change, age 70 
Mild Case 
 Mild acute phase 0.008 0.008 0.007 
 Mild post-acute phase 0.003 0.002 0.002 

Severe Case 
 Mild acute phase 0.006 0.005 0.005 
 Severe acute phase 0.008 0.007 0.007 
 Severe post-acute phase 0.010 0.010 0.009 

Critical Case 
 Mild acute phase 0.006 0.005 0.005 
 Critical acute phase 0.027 0.025 0.023 
 Critical post-acute phase, 3% 

discount rate a,b 3.907 3.120 1.502 
 Critical post-acute phase, 7% 

discount rate a,b 2.067 1.841 1.132 
a. In these calculations, we assume the post-acute effects are a constant decrement throughout the individual’s lifetime for 
critical cases, given uncertainty about the duration of these impacts and the extent to which they change over time. Remaining 
life expectancy is calculated from conditional survival rates by year of age reported in Arias and Xu (2020). Because we focus 
here on nonfatal cases, these calculations do not include any change in life expectancy for those with the condition. See 
Chapter 2 for discussion of mortality risk reductions. 
b. Discounting to reflect time preferences is necessary in this case because duration is greater than one year (see Guidelines 
Chapter 5). 
 
Because analysts may wish to conduct sensitivity analyses regarding the QALY losses associated with 
nonfatal critical cases over time, Table 3.16 provides a detailed accounting of the present value of QALY 
changes for this highest severity group, adding the QALY changes experienced in each phase of critical 
disease together. The table provides estimates over a period of one year from the start of the 
individual’s symptoms, over 10 years from the start of symptoms, and over the individual’s remaining 
expected lifetime. 
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Table 3.16 Estimated Change in QALYs per Nonfatal Critical Case Over Different Time Horizonsa 
Discount Rate QALY change, age 20 QALY change, age 40 QALY change, age 70 

One year time horizon 
3% 0.166 0.158 0.142 
7% 0.166 0.158 0.142 

Ten year time horizon 
3% 1.258 1.189 0.980 
7% 1.080 1.021 0.848 

Lifetime time horizon 
3% 3.940 3.151 1.530 
7% 2.100 1.872 1.160 

a. See text and preceding tables for discussion of assumptions underlying these estimates. 
 
We then multiply the change in QALYs by the central estimates of the value per QALY from Chapter 1; 
$580,000 at a 3 percent discount rate and $970,000 at a 7 percent discount rate. We report the results 
in Table 3.17. 
 
Table 3.17 Value per Nonfatal Statistical Case, Illustrative Estimates by Agea 

Discount Rate Value per case, age 20 Value per case, age 40 Value per case, age 70 
Mild Case 

3% $6,100 $5,800 $5,200 
7% $10,000 $9,700 $8,700 

Severe Case 
3% $14,000 $13,000 $12,000 
7% $23,000 $22,000 $19,000 

Critical Case 
3% $2,300,000 $1,800,000 $890,000 
7% $2,000,000 $1,800,000 $1,100,000 

a. See text and preceding tables for discussion of assumptions underlying these estimates. Estimates are presented to two 
significant figures. 
 
While reflecting several simplifying assumptions, these illustrative calculations show that the value per 
averted nonfatal case may vary substantially depending on the severity of the disease, ranging over 
orders of magnitude. Focusing on the mid-point between the two discount rates, these estimates 
suggest that the value of averting a case of COVID-19 for an individual at age 40 may be about $8,000 
for mild cases, $18,000 for severe cases, and $1.8 million for critical cases. These estimates are 
substantially larger than the Prosser et al. WTP estimates for influenza discussed in Section 3.2, and the 
Hammitt and Haninger WTP estimates for one month of respiratory illness are between the values for 
severe and critical cases. The values in Table 3.17 are derived from a larger evidence base than the WTP 
estimates discussed in the previous section, providing more insight into the extent to which the values 
vary by the severity and duration of the conditions.  
 
This approach involves many layers of uncertainty. First, the symptoms of COVID-19 may differ from the 
effects of the diseases we use as proxies in ways that affect HRQL. Second, for several of the proxy 
conditions, the HRQL literature is sparse. Third, HRQL with and without the condition may vary by age or 
underlying health impairments, influencing these estimates. Fourth, the duration of the symptoms may 
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differ from our illustrative estimates. Finally, the long-term effects of COVID-19 are particularly 
uncertain at this time. These concerns suggest that these estimates should be used only in illustrative 
calculations with sensitivity analysis, accompanied by qualitative discussion and quantitative analysis of 
other uncertainties.  
 
3.4 Summary and Conclusions 

This chapter suggests that the value of reducing nonfatal COVID-19 risks is uncertain, but indicates the 
possible magnitude for cases of differing severity. We first review the WTP literature for nonfatal 
illnesses with symptoms similar to those of COVID-19, focusing on influenza, COPD, sepsis, conditions 
involving acute respiratory failure, and conditions requiring prolonged mechanical ventilation. We find 
that very few WTP studies address these conditions, providing only limited insight into the value of 
reducing these risks. We next review the QALY literature for the same conditions, focusing on HRQL 
estimates for nonfatal cases. While the HRQL literature is also limited, it is substantially more extensive 
than the WTP literature and provides more insight into these values.  
 
We develop illustrative population-average per case estimates by age group, based on HRQL and 
duration estimates from the literature and HHS’s estimates of the value per QALY. We find that the 
value of averting a case of COVID-19 for an individual of average age may be about $8,000 for mild 
cases, $18,000 for severe cases, and $1.8 million for critical cases. These estimates indicate the likely 
magnitude of the values, but rest on several simplifying assumptions. They also exclude medical and 
other costs borne by third parties and the productivity losses associated with caregiving by family and 
friends. 
 
Given these uncertainties, these estimates should be used only to illustrate the potential magnitude of 
the benefits associated with averting nonfatal cases. They should be accompanied by both qualitative 
discussion and quantitative analysis of uncertainty based on the information provided in this chapter 
and other sources, following the general approaches for assessing uncertainty discussed in Chapter 6 of 
the HHS Guidelines. The quantitative assessment should include investigation of uncertainty in both the 
HRQL and the duration estimates. In addition, these values should be updated as needed to reflect 
additional information on the characteristics of nonfatal COVID-19 cases and tailored to the effects of 
the specific regulation or other policy under consideration.  
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ABSTRACT
The value of mortality risk reductions, conventionally expressed as the value per statistical life, is an important determinant
of the net benefits of many government policies. US regulators currently rely primarily on studies of fatal injuries, raising
questions about whether different values might be appropriate for risks associated with fatal illnesses. Our review suggests
that, despite the substantial expansion of the research base in recent years, few US studies of illness-related risks meet
criteria for quality, and those that do yield similar values to studies of injury-related risks. Given this result, combining
the findings of these few studies with the findings of the more robust literature on injury-related risks appears to provide
a reasonable range of estimates for application in regulatory analysis. Our review yields estimates ranging from about
$4.2 million to $13.7 million with a mid-point of $9.0 million (2013 dollars). Although the studies we identify differ from
those that underlie the values currently used by Federal agencies, the resulting estimates are remarkably similar, suggesting
that there is substantial consensus emerging on the values applicable to the general US population. Copyright © 2015 John
Wiley & Sons, Ltd.
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1. INTRODUCTION

Under Executive Orders 12866 and 13563 (Clinton 1993, Obama 2011), US regulatory agencies are required to
assess the costs, benefits, and other impacts of their significant regulations. The value of mortality risk reduc-
tions, conventionally expressed as the value per statistical life (VSL), is often a major determinant of the net
benefits of these regulations. Thus, the appropriate VSL to be applied in these analyses has received substantial
attention.

Guidance for conducting these analyses was issued by the U.S. Office of Management and Budget (OMB) in
2003. While indicating that the then-available research suggested that the VSL was between roughly $1 million
and $10 million (2001 dollars), OMB allows regulatory agencies to exercise some discretion in selecting the
VSL they apply in their analyses.

To date, only two US regulatory agencies have issued formal VSL guidance: the U.S. Environmental
Protection Agency (EPA 2000, 2010a) and the U.S. Department of Transportation (DOT 2014). Although
there is a 20-year gap between when each first developed its current guidance, the central estimates are re-
markably similar. Whether this is coincidence or reflects a consensus in the literature is unclear. More spe-
cifically, if updated to 2013 dollars, the central values used by EPA and by DOT are $9.4 million and $9.2
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million, respectively.1 Yet, the EPA value is based on a literature review published in the early 1990s
(Viscusi 1992, Viscusi 1993), while the DOT value is based on a review conducted during 2012 and 2013.

Despite differences in the types of mortality risks they regulate, both agencies rely largely on studies that
examine the changes in wages associated with changes in occupational risks.2 DOT regulations typically ad-
dress the risk of accidental death, similar to the occupational risks included in the wage-risk studies. In contrast,
EPA regulations typically address illnesses. However, when EPA first developed its guidance in the early
1990s, few VSL studies of sufficient quality were available that focused on illnesses. The research base has
since expanded substantially; EPA has initiated work on updating its values but has not yet announced the re-
sults (EPA 2010b, Kling et al. 2011). Thus, the question remains whether the research literature has evolved to
the point where high-quality studies are available for mortality risks associated with illness rather than injury.

This question is of particular interest to agencies that primarily regulate illness-related risks, including the U.S.
Department of Health and Human Services as well as EPA. We address this issue with a new review that has two
goals: (1) to identify studies that meet evolving ‘best practice’ criteria and (2) to explore the use of such studies to
better tailor VSL estimates to the types of risks that are regulated. Meeting the second goal requires greater reliance
on stated-preference studies, which use surveys to estimate theVSL for different types of risks and population groups,
rather than relying on studies of the preferences revealed by the wage differentials associated with riskier jobs.

Our results are surprising. First, although the number of studies that focus on illness-related risks has in-
creased dramatically, few meet criteria for quality and for suitability for use in US regulatory analysis. Thus,
agencies may need to continue to rely at least in part on studies that primarily address injury-related risks.

Second, previous reviews found that stated-preference methods tend to yield substantially smaller VSL estimates
than do wage-risk studies (Kochi, Hubbell, and Kramer 2006, Cropper, Hammitt, and Robinson 2011). This con-
trasts to the findings for other goods, for which stated-preference studies are believed to yield larger values than
revealed-preference studies, perhaps because survey respondents pay insufficient attention to their budget constraints
and overstate their willingness to pay (WTP) when choices are hypothetical.3 However, we find that the few stated-
preference studies that meet more stringent selection criteria yield estimates close to the wage-risk estimates,
suggesting that the differences previously found may result, at least in part, from issues related to study design.

While our results imply that the literature on illness-related risks is not yet robust enough to be used as the sole
basis for the VSL estimates applied by regulatory agencies, they also suggest that the values for illness-related
risks may be within the same range as the values for injury-related risks. Thus, population-average values in the
same range as those currently used by EPA and DOTmay continue to be appropriate for application across these
and other agencies. In the sections that follow, we first introduce the conceptual framework for valuing mortality
risk reductions, then discuss the conduct of our review, and finally summarize the results and implications.

2. CONCEPTUAL FRAMEWORK

The starting point for valuation is a risk estimate that quantifies the impact of each regulatory option on each
health endpoint of concern, often expressed in terms of the average individual change in the probability of death
within a particular time period. The calculation is straightforward: the average individual risk reduction (e.g.,
2/10,000) is multiplied by the number of individuals affected (e.g., 200,000 annually) to estimate the number
of statistical cases averted (40 given the previous values). For major regulations, these risk changes are usually

1Values from EPA (2010a, Appendix B) adjusted by the authors following EPA’s approach, using the gross domestic product deflator and
income adjustment factors from EPA (2015). Each agency also provides values to be used to assess uncertainty. EPA (2015, Appendix I)
suggests applying a Weibull distribution (with scale = 5.32E–6 and shape = 1.509588), and DOT suggests a low of $5.2 million and a high
of $13 million (2013 dollars and income levels).

2The EPA VSL is derived from 26 studies, 21 of which are wage-risk studies; the remaining five are surveys that address job-related or
motor vehicle-related risks. The DOT VSL is derived from nine wage-risk studies.

3Whether stated-preference studies systematically lead to overestimates has been debated in the environmental economics literature; some
commenters are skeptical about the validity and reliability of the responses more generally. See, for example, Carson (2012), Hausmann
(2012), and Kling, Phaneuf, and Zhao (2012).
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small at the individual level but may account for a large number of cases once aggregated over the affected pop-
ulation. Generally, we cannot predict in advance who will survive for a longer period if the regulation is imple-
mented. The risk reduction is a ‘statistical’ case—a sum of probabilities. Thus, ‘saving’ a statistical life is not the
same as preventing an identifiable individual from dying within a particular time period.

Under conventional economic assumptions, individual WTP is the appropriate measure of the value of these
risk reductions, given that they are improvements from the status quo. Thus, valuation requires estimating the
maximum an individual would be willing to pay for the risk change he (or she) would experience, given his
preferences and budget constraint (i.e., his compensating variation). These values reflect the rate of trade-off
between money and mortality risk and are conventionally reported in units of dollars per statistical life saved
within a defined period; e.g., $900 WTP÷1/10,000 annual risk change = $9.0 million VSL.

An alternative, older measure of the value of reducing mortality risk is the cost of illness or human capital
approach. This approach values a change in mortality risk by the expected change in productivity losses and
may also include medical expenses. VSL is expected to be larger than expected productivity loss, because it
includes the utility gains from living in addition to productivity and market consumption. In contrast, the cost of
illness approach often includes medical costs paid by third parties, which are typically not included in VSL. The
social value of reducing mortality risk should include both the private value (measured by VSL) and any net saving
in medical or other costs incurred by third parties (see Robinson and Hammitt, 2013, for more discussion).4

Individual WTP for mortality risk reductions will vary between individuals and may depend on the characteris-
tics of the risk. For example, WTPmay depend on when the risk reduction occurs relative to the change in exposure
(latency or cessation lag); on individual characteristics such as age, health status, and remaining life expectancy; and
on risk characteristics such as whether it involves a fatal traumatic accident (e.g., a motor vehicle or airplane crash),
an acute health event (e.g., heart attack or stroke), or a chronic degenerative disease (e.g., cancer or lung disease).

These values are often estimated using revealed-preference studies, which have the advantage of relying on be-
havior with real consequences. However, it is difficult to find market choices that can be used to estimate how the
VSL varies depending on certain risk and population characteristics, including the risk of death from illness rather
than injury. Stated-preference methods are necessary in these cases, typically employing survey techniques to ask
respondents about their choices in a hypothetical setting. Researchers can tailor these surveys to directly value the
outcome of concern. For example, the survey can describe a particular type of illness from a particular type of ex-
posure. A weakness is that respondents do not face significant consequences from their choices and therefore may
have limited incentives to consider the questions carefully. As a result, such surveys must be carefully designed
and administered, and satisfy various tests for coherence, to be considered reliable for use in regulatory analysis.

Because of time and resource constraints, regulatory analysts generally rely on existing valuation studies
rather than conducting new research that considers the risks addressed by a particular regulation (Robinson
and Hammitt 2013). This approach, referred to as ‘benefit transfer’, requires reviewing the literature to identify
high-quality studies that are suitable for use in the particular context. Quality can be evaluated by considering
the likely accuracy and reliability of the data and methods used, referencing guidance on best practices. Suit-
ability or applicability involves considering the similarity of the risks and the populations affected. Qualitative
and, if possible, quantitative assessment of uncertainty is always needed to characterize the limitations of the
available research and the implications for decision-making.

3. SELECTION CRITERIA

The VSL is relatively well studied, and substantial attention has been paid to developing criteria for evaluating
study quality and applicability consistent with the benefit transfer framework. Well over 100 VSL studies have

4For mortality, the cost of illness tends to be dominated by productivity losses. Grosse et al. (2009) found that the present value of future
lifetime production for a 40 to 44 year old is $1.2 million if both market and nonmarket production are included and $0.8 million if only
market production is included (2007 dollars, 3% discount rate). These values are much smaller than the VSL estimates discussed later in
this article.
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been published in the peer-reviewed literature.5 Until recently, this literature was dominated by revealed-
preference studies that address occupational risks. This is no longer true, as the number of stated-preference
studies has increased substantially, addressing environmental, traffic safety, and other risks.

This progress has been accompanied by an evolving understanding of best practices. Thus, the starting
point for our review is recent work that focuses on establishing criteria for the values used in US regula-
tory analysis, particularly EPA’s white paper on valuing mortality risk reductions (EPA 2010b), its Science
Advisory Board’s review of that paper (Kling et al. 2011), DOT’s VSL guidance (DOT 2014), and a re-
view article (Cropper, Hammitt, and Robinson 2011) that addresses methodological advances. We also
consider the best practices discussed in OMB’s 2003 guidance while recognizing that it does not reflect
more recent developments. The resulting criteria are divided into three categories, as listed in Table I.

The general criteria relate to the overall context for applying these values. Regulatory analyses are intended
to inform decision-makers and the public about the impacts of the policy options considered. Thus, it is impor-
tant that those reviewing the analysis be able to access the data sources used, including the studies that underlie
the VSL estimates. Because we are interested in studies for use by US regulatory agencies, we restrict our
search to studies that reflect the preferences of the US population.

Although revealed-preference studies usually address risks associated with injuries rather than illnesses, we
include them in our review for comparison to the stated-preference research. The criteria that apply to revealed-
preference studies limit the scope to wage-risk studies. Some revealed-preference studies instead evaluate
averting behaviors, i.e., defensive measures or consumer products used to protect against perceived health risks.
These studies are applied infrequently in regulatory analysis because of concerns about their limitations, includ-
ing the difficulty of estimating the size of the associated risk change and the need to separately estimate the
value of key inputs such as the time spent in the activity.

We include only thosewage-risk studies that control for potentially important confounding factors such as nonfatal
injury risks and both occupation and industry.We also consider only those that rely on risk data at least as good as the
Census of Fatal Occupational Injuries (CFOI). The CFOI was implemented in 1992 by the Bureau of Labor Statistics
and is based on review of a comprehensive set of records supplemented by additional confirmation of the data.

The criteria that apply to stated-preference studies focus on those that provide estimates of individual WTP
for reductions in the respondent’s own risks, consistent with the concept of consumer sovereignty. Some studies
instead address risk reductions to the community at-large; these do not appear to estimate individuals’ tradeoffs
between own wealth and risk. For example, some find (counterintuitively) that WTP for a private risk reduction
is higher than WTP for a public program that also affects others (see, e.g., Svensson and Johansson 2010,
Lindhjem et al. 2011). This result suggests that respondents may not fully accept the scenario presented in the
survey; for instance, they may not believe that the public program will be effective. Another complication is

5For reviews, see Viscusi and Aldy (2003), EPA (2010b), Lindhjem et al. (2011), and Viscusi (2014).

Table I. Selection criteria

General criteria
1. Be publicly available.
2. Be written in English.
3. Provide estimates for the general US population.

Criteria for revealed-preference studies
4. Use hedonic methods that address the trade-off between wages and job-related risks.
5. Control for potentially confounding factors, such as nonfatal injury risk as well as both industry and occupation.
6. Rely on high-quality risk data, equal or superior to the Census of Fatal and Occupational Injuries.

Criteria for stated-preference studies
7. Elicit values for private risk reductions that accrue to the respondent.
8. Express the risk change as a probability (not as a life extension).
9. Estimate willingness to pay, not willingness to accept compensation.
10. Provide evidence of validity, including sensitivity of willingness to pay to changes in risk magnitude.

L. A. ROBINSON AND J. K. HAMMITT1042

Copyright © 2015 John Wiley & Sons, Ltd. Health Econ. 25: 1039–1052 (2016)
DOI: 10.1002/hec

AR-04253

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 208 of 275   PageID 4794Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 208 of 275   PageID 4794



concern about the role of altruism in benefit–cost analysis, because a pure altruist would care about how those
affected value the costs imposed on them as well as the benefits they receive (Jones-Lee 1991, Bergstrom 2006).

We also limit our selection of stated-preference studies to those that express the risk change as a probability
rather than as life extension. We are aware of only one US study (Morris and Hammitt 2001) that elicits values
for life extension. While it suggests that the life extension approach is promising, more work is needed. For
example, respondents may not understand that the risk reduction affects each year of life; it is not simply added
to the end of one’s lifespan when one’s quality of life is likely to have declined.

To be selected, stated-preference studies must elicit WTP rather than willingness to accept compensation
(WTA).6 Because regulations typically involve expenditures for improvements from the status quo rather than
compensation for damages, WTP is conceptually the more appropriate measure. WTP is also more frequently
studied, and the estimates are considered more reliable; the large and variable differences between estimated
WTP and WTA are poorly understood (Horowitz and McConnell 2002, Tuncel and Hammitt 2014).7

Finally, we require that stated-preference studies provide evidence of validity. Amajor concern is that respondents
may not report their trueWTP because the payment is hypothetical. In addition, research suggests that survey respon-
dents often do not understand small probabilities. Thus, we focus in particular on scope tests that indicate whether
estimated WTP is sensitive to the magnitude of the risk reduction.8 Economic theory suggests that WTP should in-
crease almost proportionately to the size of the risk change, as long as the change is small, which means that the VSL
should be independent of the risk reduction that is valued (see Hammitt and Graham 1999, Corso, Hammitt, and
Graham 2001).9 For larger risk changes, WTP will be increasingly limited by income, reducing the VSL.

The selection criteria do not explicitly address the date when the studies were completed. However, they do
so implicitly. The first wage-risk study that relied on CFOI data was published in 2003 (Viscusi 2013); thus,
Criterion 6 (data at least equal in quality to the CFOI) effectively limits our selection of revealed-preference
studies to those published in 2003 or later. The starting point is not as clearly defined for the stated-preference
studies. However, we exclude studies published in 1993 or earlier for several reasons. First, they were con-
ducted before the issuance of an expert panel report (National Oceanic and Atmospheric Administration
1993) that significantly influenced the conduct of stated-preference studies. Studies conducted after that time
are more likely to meet Criterion 10, related to evidence of validity. Second, most of the older studies use small,
specialized samples that are not representative of the overall US population. Third, preferences elicited over 20
years ago may not accurately reflect preferences at the present time.

To identify studies that meet the selection criteria, we started with those listed in recent reviews. To supple-
ment and update these lists, we searched the EconLit bibliographic database for subsequently published arti-
cles. We also contacted VSL researchers to locate working papers and forthcoming articles, and used the
citations in each paper to identify additional studies.

4. RESULTS

In this section, we describe the results of our review of the revealed-preference and stated-preference studies
that provide population-average values, including studies that address deaths due to injury as well as illness
for comparison. We discuss adjustments for health status and age in the following section.

6This criterion primarily affects the selection of stated-preference studies because revealed-preference studies typically address a market
equilibrium rather than a change that can be characterized as WTP or WTA. However, recent work (Kniesner, Viscusi, and Ziliak
2014) suggests that there is not a significant divergence between revealed preference estimates of WTP and WTA for job-related risks.

7While standard economic theory suggests that WTP and WTA will be similar in many cases, prospect theory suggests that the endowment
effect and loss aversion may lead to substantial differences.

8There are two types of tests for sensitivity to risk magnitude. External scope tests compare WTP between subsamples of respondents pre-
sented with different risk changes, while internal scope tests compare WTP for different risk changes from the same respondents. External
tests are preferred because internal tests can be influenced by a respondent’s effort to provide internally consistent responses.

9For this result, ‘small’ means that WTP is small relative to the individual’s budget constraint.
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4.1. Revealed-preference studies

For the US hedonic wage studies, we first reviewed individual studies and then considered a subsequently com-
pleted meta-analysis that follows an approach that appears consistent with our selection criteria.10 We started
with the studies DOT identified in developing its VSL recommendations (DOT 2014) and supplemented that
list with studies identified in a subsequent review by Viscusi (2013) as well as those identified through our lit-
erature search and contacts with researchers.

These sources yield a total of 16 US wage-risk studies published between 2003 and 2014, of which the six
listed in Table II met our selection criteria.11 The highlighted VSLs range from $2.1 million to $20.8 million,
with most between $6.8 million and $12.0 million. The lowest values ($2.1 million to $4.1 million) are from a
working paper that experiments with the use of Occupational Safety and Health Administration inspection data
(Lee and Taylor 2013), while the highest ($9.2 million to $20.8 million) are from a paper where the author notes,
‘[t]he intent of this study is not to posit a particular value for the VSL; rather, it is to demonstrate how the con-
struction of the fatal risk rate measure impacts the magnitude of the VSL estimate’ (Scotton 2013, p. 65).

Of the studies we reviewed, two (Viscusi 2004 and Kniesner, Viscusi, Woock, and Ziliak 2012) focus ex-
plicitly on developing national estimates for application in US policy analysis, while others experiment with
different approaches and explore sources of variation in the estimates.12 When inflated to 2013 dollars, the es-
timates highlighted by the authors of these two studies are about $6.8 million and $5.3 million to $13.2 million,
respectively, very similar to the range indicated in Table II, particularly if the relatively high and low values
highlighted by Lee and Taylor and by Scotton are excluded.

Recently, Viscusi (2015) completed a meta-analysis that appears consistent with our selection criteria and
that directly addresses the goals of this review. The analysis includes 17 studies that rely on CFOI data and con-
trols for whether they address potentially confounding variables such as workers’ compensation and nonfatal
injury as well as other study characteristics.13 Rather than selecting a single estimate from each study, Viscusi

10Previous meta-analyses of the wage-risk literature have been criticized in part for not applying carefully developed, explicit criteria for
selecting studies for inclusion (EPA 2006, Cropper et al. 2007).

11The 10 excluded studies are Jennings and Kinderman (2003), Evans and Smith (2008), Viscusi and Hersch (2008), Evans and Schaur (2010),
Kniesner, Viscusi, and Ziliak (2010), Scotton and Taylor (2011), Lavetti (2012), Kniesner, Viscusi, Woock, and Ziliak (2012), DeLeire, Khan,
and Timmins (2013), and Kniesner, Viscusi, and Ziliak (2014). We generally exclude these studies because they address only a subset of
workers and/or do not control for occupation as well as industry; one (DeLeire et al.) does not report a full sample VSL. Determining whether
to exclude the three Kniesner et al. studies is difficult, however. They have the advantage of relying on panel rather than cross-sectional data,
but exclude women. (The extent to which results are dissimilar for men and women varies across studies and in part reflects the changing roles
of women in the workplace.) However, their results are generally within the same range as the included studies.

12As noted earlier, the Kniesner et al. study is not included in Table II because it addresses only men but has the advantage of relying on
longitudinal data.

13The 17 studies include Aldy and Viscusi (2008), Evans and Schaur (2010), Hersch and Viscusi (2010), Kniesner and Viscusi (2005),
Kniesner et al. (2012), Kniesner, Viscusi, and Ziliak (2006, 2010, 2014), Kochi and Taylor (2011), Scotton (2013), Scotton and Taylor
(2011), Viscusi (2003, 2004, 2013), Viscusi and Aldy (2007), Viscusi and Hersch (2008), and Viscusi and Philip (2014). Some of these
studies do not meet all of our selection criteria, but the controls that Viscusi (2015) included for study characteristics address many of the
concerns that led to their exclusion.

Table II. Selected US wage-risk studies (2013 dollars)

Study Highlighted VSL estimatesa

Viscusi (2004) $6.8 millionb

Kniesner and Viscusi (2005) $6.8 millionb

Hersch and Viscusi (2010) $8.6 millionb

Lee and Taylor (2013) $2.1 million to $4.1 million
Scotton (2013) $9.2 million to $20.8 million
Viscusi (2013) $8.6 million to $12.0 million

Note: VSL, value per statistical life.
aEstimates are those highlighted by authors in article abstract or conclusions unless otherwise noted, inflated using the
Consumer Price Index (http://www.bls.gov/data/inflation_calculator.htm). Not adjusted for real income growth.
bVSL estimates based on those reported in DOT (2014), Table I.
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includes all of the estimates each reports. In addition, he addresses the potential effects of reporting (publication)
bias that may occur when a researcher reports only a subset of his or her findings, or when journals are unwilling
to publish findings that depart significantly from previous results or appear inconsistent with theory. Depending
on the model specification, his bias-corrected results range from $7.6 million to $13.7 million (2013 dollars),
very similar to the range found in our initial review of individual studies.

Thus, our review results in three overlapping ranges of estimates for US workers. First, as indicated in
Table II, our review of individual studies suggests that the VSL likely to be in the range of $6.8 million to
$12.0 million. Second, if we consider only the two studies that are focused more explicitly on developing
national estimates, the range becomes $5.3 million to $13.2 million. Third, the recent Viscusi meta-analysis
provides a range from $7.6 million to $13.7 million. The mid-points of the three ranges are $9.4 million,
$9.3 million, and $10.7 million, respectively, only slightly above the central values now used by EPA and DOT.

4.2. Stated-preference studies

The studies discussed earlier do not address illness-related risks; we also reviewed the stated-preference liter-
ature to develop a better understanding of how the values might vary. We focus on individual studies because
the available meta-analyses of stated-preference research (e.g., Kochi et al. 2006, Dekker et al. 2011, Lindhjem
et al. 2011) are not limited to studies that meet our selection criteria.

Our starting point is the US studies included in EPA’s review (EPA 2010b; Table III) as supplemented by
Kling et al. (2011).14 We added studies from a comprehensive database developed by the Organisation for
Economic Co-Operation and Development (OECD) as well as those identified through our literature search
and contacts with researchers.15 The result was more than 40 articles, although in some cases an individual
survey was discussed in multiple articles. However, several of these studies were published prior to 1993,
raising concerns about their quality and applicability as discussed earlier.

We first screened the studies to select those that satisfy our selection criteria, finding seven articles pub-
lished subsequent to 1993 that are based on a national US sample and elicit WTP for the respondent’s own
risk reduction. We then reviewed the evidence of validity provided in these seven studies in more detail. Of
these, three (listed in Table III) meet our selection criteria and demonstrate stronger evidence of validity, in-
cluding sensitivity to risk magnitude. Corso, Hammitt, and Graham (2001) and Hammitt and Haninger
(2010) found that WTP is close-to-proportional to changes in risk magnitude. Cameron and DeShazo
(2013) relied on a complex valuation survey that includes illnesses of varying severities and durations, re-
quiring specialized modeling techniques that make it difficult to determine whether WTP is proportional
to the risk change. However, in a detailed handbook that supplements their journal articles (Cameron and
DeShazo 2012), they provide evidence that respondents understand the scenarios and are sensitive to
changes in risk magnitude.

In contrast, the remaining four studies, excluded from Table III, report results that are largely insensitive to
the risk change (Hammitt and Graham 1999), are much less than proportionate (Alberini et al. 2004, Chestnut
et al. 2012), or do not describe the degree of proportionality (Viscusi et al. 2014). In the first two cases, the size
of the VSL that results is very sensitive to the size of the risk reduction presented in the survey, and the lack of
proportionality suggests that respondents may not have fully understood what they were being asked to value.
In the third case, it is unclear whether the study meets our criterion for validity.16

14The DOT (2014) guidance includes only wage-risk studies.
15The OECD database is available at www.oecd.org/env/policies/vsl. We thank David Metz of Industrial Economics, Incorporated for his
assistance in identifying these studies.

16In 2013 dollars, the VSL estimate highlighted by Viscusi et al. (2014) is $11.1 million, at the high end of the range provided by the in-
cluded studies. The results from the other excluded studies are as follows: Hammitt and Graham (1999), $1.2 million to $68.3 million;
Alberini, Cropper, Krupnick, and Simon (2004) (with additional results reported in Alberini, Cropper, Krupnick, and Simon 2006),
$1.0 million to $6.5 million; and Chestnut, Rowe, and Breffle (2012), $5.2 million to $6.5 million.
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Only two of the three studies with greater evidence of validity address illness-related risks. Hammitt and
Haninger (2010) estimated VSL for various fatal illnesses (cancer and noncancer) from ingesting pesticide res-
idues on food as well as for motor vehicle accidents, and Cameron and DeShazo (2013) considered several
types of hazards and illness profiles. In contrast, Corso, Hammitt, and Graham (2001) considered only motor
vehicle accidents.

In sum, although a large number of stated-preference studies have been completed in recent years, very few
meet our selection criteria. This suggests that continued work is needed to improve the quality of these studies
and to provide valid results, as well as to provide more information on the value of illness-related risks. How-
ever, those few studies that meet the criteria yield VSLs ranging from $4.2 million to $11.2 million, very sim-
ilar to the range resulting from our review of the wage-risk studies.

5. ADJUSTMENTS FOR HEALTH STATUS AND AGE

The review in the above sections focuses on VSL estimates for the general population. However, some regula-
tions address illnesses that disproportionately affect those whose health is impaired or who are very young or very
old. In this section, we briefly review the related literature, including studies that do not meet the selection criteria
discussed earlier.

5.1. Health status

The wage-risk studies discussed earlier include only those who are healthy enough to work by definition, while
the stated-preference studies include a sample of the general population. In contrast, some regulations primarily
affect the risk of illness among those who are in better or (more often) worse health than the typical US citizen.
In addition, because health-related quality of life declines with age (e.g., Hanmer et al. 2006, Fryback 2007),
regulations that primarily provide mortality risk reductions to older individuals will largely benefit those
who tend to be in worse than average health.

Dockins, Maguire, and Simon (2006) reviewed the evidence on the effects of health status on the VSL and
noted that theory is ambiguous. In simple terms, this ambiguity results from the trade-off between spending to
increase the likelihood of survival and conserving wealth for expenditure on other goods or services. The ef-
fects are potentially counterbalancing: an individual may value risk reduction more if he or she is in good
health, but good health may also provide more opportunities for other expenditures, increasing the marginal
utility of spending.17

17See Hammitt (2000) and Hammitt (2002) for more detailed discussion of the theoretical issues and related empirical research. Viscusi and
Evans (1990), Sloan et al. (1998), and Finkelstein et al. (2013) explored the effects of health status on the utility of income; their findings
suggest that the marginal utility of income is smaller when health is impaired.

Table III. Selected US stated-preference studies (2013 dollars)

Study Highlighted VSL estimatesa

Corso, Hammitt, and Graham (2001)b $4.2 million to $5.9 million
Hammitt and Haninger (2010) $6.7 million to $11.2 million
Cameron and DeShazo (2013) (sudden death scenario)c $8.5 million

Note: VSL, value per statistical life.
aEstimates highlighted by authors in abstract or conclusions or reported range if none highlighted. Inflated using
the Consumer Price Index (http://www.bls.gov/data/inflation_calculator.htm); not adjusted for real income
growth.
bResults for logarithmic scale and dot array visual aids.
cStudy addresses a wide range of illness profiles.
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The limited empirical research on the effect of health impairments on the VSL is inconclusive, with
mixed results. The results vary depending on factors such as the nature and the severity of the health con-
dition as well as the individual’s age (e.g., Alberini et al. 2004, DeShazo and Cameron 2005, Evans and
Smith 2008). Disentangling the effect of health status from the effects of these other characteristics is very
difficult. Thus, whether and how to adjust a population-average VSL to reflect differences in health status is
highly uncertain.

5.2. Age

The studies we discuss earlier provide values for adults; some also include older teens. All of the wage-risk
studies exclude individuals above the typical retirement age (e.g., over age 62 or 65 years), while the stated-
preference studies include older individuals. Thus, on average, the values we report are for those in middle
age rather than for the much younger or much older individuals who are disproportionately affected by some
illnesses targeted by regulation.

Because older individuals have fewer expected life years remaining than the average member of the
population, intuition suggests that lower VSL estimates may be applicable. However, both theory
(Hammitt 2007) and empirical work suggest that relationship is uncertain. Some argue that the relation-
ship between VSL and age should follow the pattern of consumption over the lifecycle, which is typically
an inverse-U distribution. Much of the empirical work that considers the trade-off between wages and
risks across all workers supports this model (Aldy and Viscusi 2007, Viscusi and Aldy 2007, Aldy
and Viscusi 2008), although the rate of increase and decrease and the age at which VSL peaks vary
across studies. In contrast, a series of wage-risk studies focused on older workers (age 51 years and
above and their spouses) finds that the VSL remains constant or increases with age (summarized in Evans
and Smith 2006).

Stated-preference research is needed to address the relationships between age and VSL among individuals
older or younger than working age. For older individuals, the stated-preference evidence is inconsistent. Some
studies do not find statistically significant relationships with age, while others find that the VSL decreases
among older individuals in varying patterns and amounts (Krupnick 2007). One more-recent study (Cameron,
DeShazo, and Stiffler 2010) finds an inverse ‘U’ relationship, similar to many of the wage-risk studies. Thus,
there is substantial uncertainty regarding the relationship between the population-average VSL and the VSL
most appropriate for older individuals.

Because children generally lack the independent financial means as well as the cognitive ability needed to
respond to WTP questions, related research generally elicits parental WTP (see Dockins et al. 2002, and
EPA 2003, for more discussion). Several studies, conducted in the USA and elsewhere and using varying
methods, suggest that WTP for reduced morbidity or mortality risks to children may be noticeably greater
(perhaps by a factor of two) than adult WTP to reduce their own risks, although the magnitude of the difference
varies across studies.18 Thus, while it may be appropriate to apply a higher VSL to children than to adults, the
amount of increase and the extent to which it varies for children of different ages are uncertain.

At times, a value per statistical life year (VSLY) estimate is used to adjust for age. In contrast to the
VSL, which is the rate at which the individual substitutes money for reductions in current mortality risk
(within the current year or other short time period), the VSLY is the rate at which he or she substitutes
money for gains in life expectancy (or in discounted life expectancy; see Hammitt 2007, for more discus-
sion). VSLY is often estimated by dividing VSL by the average (discounted) remaining life expectancy for
the population studied. To determine the value per statistical case, the constant that results is then multi-
plied by the expected years of life extension for individuals affected by the policy. Under this approach,

18Examples include Liu et al. (2000), Dickie and Messman (2004), Dickie and Gerking (2007), Agee and Crocker (2007), Agee and
Crocker (2008), Hammitt and Haninger (2010), and Blomquist, Dickie, and O’Conor (2011). One study (Alberini et al. 2010) finds more
ambiguous results.
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the per-case values are lower for older individuals than for younger individuals, because they have fewer
years of expected life remaining.

This approach assumes that VSLY is constant and independent of the number of life years gained,
implying that VSL is proportional to the individual’s remaining (discounted) life expectancy. However,
neither economic theory (Hammitt 2013) nor available empirical results support these assumptions,
suggesting (as discussed earlier) that the relationship between the VSL and age is very uncertain.19 Thus,
while applying a population-average VSL appears reasonable when a regulation affects the general popu-
lation, it is unclear how it should be adjusted in cases where the very young or the very old are dispro-
portionately affected.

6. SUMMARY AND CONCLUSIONS

This review of the literature identifies several high-quality studies that meet our selection criteria. Most are wage-
differential studies that address injury-related risks among adult workers and hence do not provide direct informa-
tion about how to value mortality risk reductions associated with illness. The few studies that both meet our criteria
and address illness-related risks provide similar values. More work is needed to explore the extent to which these
values are likely to vary depending on the population affected and the characteristics of the health condition.

Our initial review of individual wage-risk studies suggests that the VSL ranges from roughly $5.3 million to
$13.7 million (2013 dollars) with a mid-point of $9.5 million. The estimates from the three stated-preference
studies that satisfy our criteria yield a slightly lower range, from $4.2 million to $11.2 million with a mid-point
of $7.7 million. In combination, this results in a range from $4.2 million to $13.7 million with a mid-point of
$9.0 million (2013 dollars). Thus, regardless of which subset of the selected studies we include, a central esti-
mate of population-average VSL around $8 million or $9 million appears reasonable.

The available values for illness-related risks appear very similar to those for injuries. The range from the two
stated-preference studies that include illness-related risks is $6.7 million to $11.2 million with a mid-point of
$8.6 million, within the overall range that results from the larger group of studies

These estimates reflect adjustment of the values reported in the original studies only for inflation. The data in
the oldest of these studies were collected in 1997, and real income has increased somewhat over the intervening
years.20 The sensitivity of the VSL to changes in real income is uncertain, but an income elasticity of 1.0 ap-
pears to provide a reasonable central estimate given the available evidence.21 Because real income has been
growing slowly, and declining in some recent years, applying this elasticity and adjusting for real income
growth to 2013 leaves the range unchanged.22

19Because of this uncertainty, two expert panels (Cropper et al. 2007, National Academies 2008) recommend against the use of a constant
VSLY, suggesting that more research is needed.

20Federal agencies generally do not use different VSL estimates for individuals with different incomes, because doing so raises concerns
about the equitable treatment of richer and poorer segments of the population in policy analysis. However, they do adjust the VSL for
population-average changes in real income over time, using the same income-adjusted VSL for all members of the population affected
by the rulemaking. EPA (2010a) typically uses a distribution of income elasticity estimates with a mode of 0.40 and endpoints at 0.08
and 1.00; DOT (2014) applies an income elasticity of 1.0.

21In older research, contingent valuation studies and wage-risk meta-analyses tended to yield elasticities below 1.0, while longitudinal stud-
ies and cross-country comparisons yielded elasticities well in excess of 1.0 (Hammitt and Robinson 2011). Recent studies tend to support
higher elasticities. For example, Kniesner, Viscusi and Ziliak (2010) found that elasticity generally declines as income rises in the USA,
decreasing from 2.24 in the lowest quantile to 1.23 in the highest quantile, with a mean of 1.44. In the Viscusi (2015) meta-analysis of US
wage-risk studies discussed earlier, income elasticity ranges from about 0.76 to 1.14 depending on the model specification. Elasticities
greater than 1.0 mean that individuals’ WTP for small mortality risk reductions becomes a smaller percentage of income as income falls,
which appears consistent with the constraints faced by those with lower incomes. Thus, while elasticities above 1.0 appear sensible, the
value is uncertain given the diverse results of the available studies.

22For this adjustment, we use Current Population Survey data on income growth that reflects annual averages for median usual weekly earn-
ings of full-time wage and salary workers.
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These studies provide population-average values. Our review of the literature on the effects of health status
and age on the VSL is inconclusive for several reasons. First, the available studies lead to inconsistent conclu-
sions about the magnitude of the adjustment and its direction. Second, many of these studies do not meet our
selection criteria. Finally, applying any adjustment to the values resulting from our review requires accounting
for differences in the baseline used in the comparisons. For example, it is unclear how to apply an age adjust-
ment that compares values for individuals over age 50 years to base values that result from studies that largely
address 18 to 65 year olds. More work is needed to determine whether and how to adjust the range of estimates
for variation in age and other characteristics.

In sum, given the current state of the valuation literature, it seems reasonable to apply a VSL estimate of
$9.0 million in US regulatory analyses and to test the sensitivity of the results to values ranging from $4.2 mil-
lion to $13.7 million. The available research is insufficient to estimate the extent to which the VSL is likely to
vary depending on the characteristics of the risk and the affected population. However, the few high-quality
studies of illness-related risks available suggest that these values may be similar to the values for injury-related
risks.

The values applied to mortality risk reductions, and the results of the benefit–cost analysis more generally,
are only a few of the many factors considered in regulatory decisions. Statutory requirements, implementation
issues, and the distribution of the effects are also of interest to decision-makers and the general public. How-
ever, the analysis provides important insights into the extent to which those affected are likely to value the risk
reductions they receive more or less than the costs imposed by the regulations.
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Abstract 21 

Background: SARS-CoV-2 vaccines are highly effective at preventing COVID-19-related morbidity and 22 

mortality. As no vaccine is 100% effective, breakthrough infections are expected to occur.  23 

Methods: We analyzed the virological characteristics of 161 vaccine breakthrough infections in a 24 

population of 24,706 vaccinated healthcare workers (HCWs), using RT-PCR and virus culture.  25 

Results: The delta variant (B.1.617.2) was identified in the majority of cases. Despite similar Ct-values, we 26 

demonstrate lower probability of infectious virus detection in respiratory samples of vaccinated HCWs 27 

with breakthrough infections compared to unvaccinated HCWs with primary SARS-CoV-2 infections. 28 

Nevertheless, infectious virus was found in 68.6% of breakthrough infections and Ct-values decreased 29 

throughout the first 3 days of illness.  30 

Conclusions: We conclude that rare vaccine breakthrough infections occur, but infectious virus shedding 31 

is reduced in these cases.  32 

 33 
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Introduction 35 

Once COVID-19 vaccines became available, health care workers (HCWs) were among the first groups to 36 

be vaccinated and reach high vaccine coverage. Registered vaccines have been highly effective in 37 

preventing clinically significant coronavirus disease 2019 (COVID-19),  caused by severe acute respiratory 38 

syndrome coronavirus 2 (SARS-CoV-2)1, and have shown to reduce the incidence of 39 

infections2,3.  However, mild breakthrough infections in a small percentage of vaccine recipients have been 40 

described4-9 which is not surprising as none of the registered vaccines will provide sterile immunity against 41 

infection10-13. In a setting of mass vaccination, the BNT162b2 vaccine was highly effective (92%) at 42 

preventing infection from 7 days after the second dose14, but a recent study from Israel described vaccine 43 

breakthrough infections in 39 health care workers vaccinated with the BNT162b2 mRNA vaccine. The 44 

alpha variant was identified as the main causative strain and a majority of cases presented low Ct-values 45 

(<30), indicating probable infectivity4. For the single dose Ad26.COV2.S adenoviral vector vaccine, a phase 46 

IV study reported a 76.1% effectiveness to prevent infection from 14 days after vaccination15. The 47 

effectiveness against infection with the delta (B.1.617.2) variant was 88% for the BNT162B2 vaccine and 48 

67% for the ChAdOx1 vaccine, moderately lower than against infection with the alpha (B.1.1.7) variant16. 49 

Up to present, little is known about the virological kinetics of SARS-CoV-2 breakthrough infections, and 50 

the role of the vaccinated host in the transmission cycle. Better understanding of the dynamics of 51 

breakthrough infections is essential to define infection prevention and (public) health policies during the 52 

next phase of the pandemic. In this study, we report the virological findings of 161 vaccine breakthrough 53 

infections occurring from April to July 2021 in the Netherlands. The infections occurred in HCWs working 54 

in two tertiary care hospitals, who were immunized with various mRNA and viral vector vaccines. 55 

Infections were caused predominantly by the SARS-CoV-2 delta variant and virus culture was performed 56 

as a proxy for infectivity.  57 
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Results 59 

A total of 161 fully vaccinated HCWs diagnosed with COVID-19 by PCR were included in this study. In 60 

accordance with case definitions defined by the Centers for Disease Control and Prevention, infections 61 

were classified as breakthrough infections if the date of the first positive SARS-CoV-2 RT-PCR was more 62 

than 14 days after completion of all recommended vaccine doses17. Cases with symptom onset <14 days 63 

after the last vaccine dose and cases with a previous positive test <45 days prior were not considered 64 

breakthrough infections.  In parallel with a surge in cases in the general Dutch population18, an increased 65 

incidence of breakthrough infections in HCWs was observed in July 2021. In 126 samples a SARS-CoV-2 66 

lineage could be identified, 90.5% of these showed presence of the delta variant. The mean age of the 67 

HCWs with a breakthrough infection was 25.5 years and 91% were less than 50 years old (Table 1). All 68 

infections were mild and did not require hospital admission. The individuals were vaccinated between 69 

January and May 2021 with either an mRNA vaccine or a viral vector vaccine. Table 1 shows the 70 

distribution of vaccines among all HCWs and among the HCWs with breakthrough infections.  Although 71 

the data  may imply an overrepresentation of Ad26.COV2.S and BNT162b2 vaccine recipients among the 72 

cases, this study was not designed to compare vaccine effectivity. The indication to receive a certain 73 

vaccine was not random and data on risk factors for exposure were not recorded, therefore potential 74 

confounders could not be adjusted for.  75 

Table 1 shows the distribution of Ct-values of the breakthrough infections, as a proxy for the 76 

nasopharyngeal viral load. Ct-values were significantly lower in symptomatic breakthrough infections (μ 77 

= 23.2) than in asymptomatic breakthrough infections (μ = 26.7), corresponding to higher viral loads (p = 78 

0.022, t-test). In symptomatic vaccinated HCWs, the Ct-values decreased significantly throughout the first 79 

days from symptom onset and were lowest on the third day of illness (Figure 1A). There were no 80 

statistically significant differences in Ct-values between HCWs immunized with the 4 different vaccines.  81 
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Furthermore, the time since the administration of the last vaccine dose showed no clear relationship with 82 

Ct-values (R2 = 0.02, p = 0.13, linear regression). 83 

Subsequently, RT-PCR positive swabs were tested for the presence of infectious virus using cell culture. 84 

As a reference, we used the (first positive) samples from mild primary infections that occurred in the same 85 

cohort of HCWs prior to the onset of vaccination, these infections were primarily caused by SARS-CoV-2 86 

D614G. The mean Ct-value upon diagnosis was similar between these two groups: 24.6 (15.3 - 33.9) for 87 

vaccinated HCWs and 24.2 (14.53 - 33.8) for unvaccinated HCWs (p = 0.53, t-test) (Figure 1B). The SARS-88 

CoV-2 culture of nasopharyngeal swabs was positive in 68.6% of vaccinated HCWs versus 84.9% of 89 

unvaccinated HCWs with primary infections (p = 0.005, t-test). As the probability of culture positivity 90 

depends on viral load19, this was corrected for using a probit regression model with both viral load and 91 

vaccination status as predictors. Figure 1C shows the probability of a positive culture for a given viral load 92 

in vaccinated and unvaccinated HCWs. A positive vaccination status significantly decreased the probability 93 

of culture positivity  (p = 0.002, Wald test). 94 

Discussion 95 

In this study we assessed the virological kinetics of mild COVID-19 breakthrough infections upon 96 

immunization with several vaccines. Our data support that the SARS-CoV-2 infectious virus shedding is 97 

lower in vaccinated individuals with breakthrough infections (caused by primarily the delta variant) than 98 

in unvaccinated individuals with primary infections (caused by SARS-CoV-2 D614G). Nevertheless, virus 99 

culture was positive in 68.6% of breakthrough infections and Ct-values decreased throughout the first 100 

three days of illness. Despite the reduced viral viability, the infectivity of individuals with breakthrough 101 

infections should not be neglected. 102 

It remains a challenge to assess infectivity of an individual based on clinical sampling. Although RT-PCR is 103 

a highly sensitive method to diagnose SARS-CoV-2 infection, it detects RNA produced in infected cells 104 
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rather than whole (infectious) virions and is therefore not an optimal indicator of infectivity 19. Ct-values 105 

are sometimes used to differentiate between phases of infection, but the definition of a cut-off value is 106 

complicated, due to the large variety of assays and clinical samples. Considering these limitations of RT-107 

PCR, demonstrating viral viability through replication in cell culture is currently considered the best proxy 108 

to demonstrate infectious virus in a clinical specimen20,21.  We and others previously showed that the 109 

viability of SARS-CoV-2 depends on several factors among which the severity of disease, timing of 110 

sampling, the type of specimen and presence of antibodies19,22. To our knowledge this is the first study to 111 

report on virus cultures in COVID-19 vaccine breakthrough infections. Although reduced immune 112 

responses may likely account for breakthrough infections, further studies are needed to investigate 113 

whether these are still able to reduce infectious virus shedding. 114 

Obviously, the use of virus culture has its limitations as well: it is a laborious method only performed in 115 

specialized BSL-3 laboratories and therefore not widely applicable. In addition, lack of standardization of 116 

methods (e.g. the cell line used) still hampers interchangeability of results between laboratories. 117 

Nevertheless, an experimental animal study on SARS-CoV-2 transmission recently confirmed a strong 118 

correlation between transmission and virus culture 23.  119 

To study the effect of vaccination on infectivity, it would be preferable to compare infections occurring in 120 

vaccinated and unvaccinated individuals during the same time period, to minimize the impact of different 121 

SARS-CoV-2 variants. Due to the high vaccine coverage in HCW, we diagnosed very few infections in 122 

unvaccinated HCWs. For this reason, we used infections prior to the onset of vaccination as a reference. 123 

Although the predominant SARS-CoV-2 variant differed between groups, the groups were similar with 124 

respect to demographic characteristics, severity of disease, testing algorithms and Ct-values upon 125 

diagnosis. The study participants comprise a population immunized with several vaccines, which reflects 126 

the current situation in many countries. This study was not designed to detect differences in vaccine 127 

effectiveness, as HCWs who received different vaccines also differed with respect to demographic 128 
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characteristics. The frequency of breakthrough infections in the different groups was likely influenced by 129 

variables that were not controlled for.  130 

Phase IV studies have confirmed that vaccination is highly effective at preventing COVID-19-related 131 

morbidity and mortality2,14,15 although vaccine effectiveness will never reach 100%. Our study supports 132 

the excellent effectiveness of vaccination in preventing severe SARS CoV-2 related disease, but also 133 

demonstrates that vaccinated individuals can still acquire infection and carry infectious virus. Although 134 

symptomatic vaccinated individuals should be tested to further reduce the chance of virus transmission 135 

to individuals at risk for severe disease, further studies are needed to assess whether the decreased 136 

infectious virus shedding in breakthrough infections also lowers the chance of virus transmission. 137 

  138 
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Methods  139 

Study population  140 

Data were collected and analyzed anonymously from HCWs of two tertiary care centers in the Netherlands 141 

(Erasmus University Medical Center, Rotterdam and Radboud University Medical Center, Nijmegen), 142 

together employing over 25,000 HCWs. Since April 2020, approximately 1900 symptomatic HCWs 143 

presenting to the occupational health services department were enrolled into a prospective cohort 144 

study24. Symptomatic HCWs underwent questioning and SARS-CoV-2 RT-PCR testing, complemented by 145 

tracing and testing of contacts, resulting in detection of asymptomatic cases. Any infections diagnosed by 146 

external laboratories were reported by the department of the respective employee. In both centers, 147 

immunization of HCWs commenced in January 2021 with the BNT162b2 mRNA vaccine (Pfizer-BioNTech), 148 

prioritizing physicians and nurses working directly with COVID-19 cases. The majority of HCWs received 149 

either the mRNA-1273 (Moderna) or Ad26.COV2.S (Janssen) vaccines and a minority was vaccinated with 150 

ChAdOx1 (AstraZeneca Oxford) (Table 1). The indication of the different vaccines was based on availability 151 

and professional role. Throughout the study period, all HCWs with symptomatic breakthrough infections 152 

followed institutional infection prevention guidelines and resumed their professional activities only after 153 

full recovery. HCWs with asymptomatic breakthrough infections remained in home isolation for at least 3 154 

days. We compared virological characteristics of first RT-PCR positive samples collected from HCWs with 155 

breakthrough infections to first RT-PCR positive samples from the same cohort of HCWs prior to the onset 156 

of vaccination. The breakthrough infections occurred between April and July 2021, the primary infections 157 

occurred between April and December 2020 and were primarily caused by SARS-CoV-2 D614G. The two 158 

groups did not differ with respect to demographic characteristics and testing algorithms remained 159 

unchanged. 160 

  161 
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RT-PCR for the detection of SARS-CoV-2 RNA 162 

SARS-CoV-2 RT-PCR tests were performed on nasopharyngeal swabs, using the SARS-CoV-2 test on a 163 

Cobas® 6800 system (Roche Diagnostics) in Erasmus MC and using the Aurora Flow (Roche Diagnostics) in 164 

Radboud Medical Center.  Using a formula based on E-gene calibration curves, cycle threshold (Ct) values 165 

were converted to viral load in Log10 RNA copies/mL. This conversion method was previously validated25. 166 

Typing of SARS-CoV-2 variants using RT-PCR or next generation sequencing 167 

All positive samples were analyzed for the presence of mutations indicative of variants of concern, either 168 

by next generation sequencing or by the use of  variant-specific RT-PCR tests (VirSNiP assays 53-0799 and 169 

53-0807, TIB Molbiol, Berlin, Germany) using a SYBR Green melting curve protocol.  These assays screen 170 

for the presence of HV69/70 deletion, N501Y, E484K,  K417T/K417N and P681R mutations. The results 171 

were interpreted based on the genomics of the SARS-CoV-2 lineages circulating at the time of this study. 172 

The combination of the HV69/70 deletion and N501Y mutation was considered indicative for the Alpha 173 

variant (B.1.1.7). A K417N/E484K/N501Y profile was considered indicative for the Beta variant (B.1.351), 174 

K417T/E484K/N501Y for the Gamma variant (P.1) and P681R for the Delta variant (B.1.617.2).  175 

Virus culture 176 

Virus culture was performed on all samples collected in the Erasmus Medical Center, by inoculating Vero 177 

cells (clone 118) as previously described19. All cultures were performed in twofold, with one replicate for 178 

immunofluorescence analysis after acetone fixation at 48h of incubation. The second replicate was 179 

microscopically examined for the presence of cytopathic effect daily for 2 weeks.  Viral culture was 180 

considered negative if no cytopathic effect was observed after 14 days of incubation. To investigate how 181 

the probability of the binary outcome (culture positivity) depends on viral load and vaccination, the 182 

culture results were analyzed using probit regression.  183 
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Statistical analysis 184 

All statistical analyses was performed using R Statistical Software version 4.1.1 (Foundation for Statistical 185 

Computing, Austria) and STATA statistical software program version 13.1 (Statacorp, USA). 186 

Ethical approval 187 

This study was approved by Radboud university medical center Committee on Research Involving Human 188 

Subjects and the Erasmus Medical Center Medical Ethics Committee. All samples were collected following 189 

routine institutional COVID-19 testing guidelines, the participants were not subject to any procedures for 190 

the purpose of this study and all data were anonymized prior to analysis. 191 

 192 

  193 
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Table 1. Characteristics of health care workers with SARS-CoV-2 vaccine breakthrough infections 194 

 195 
ⱶCt-values and variant analysis were not available for health care workers whose tests were performed by external laboratories 196 
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V-safe After Vaccination Health Checker
Updated Oct. 26, 2021

NOTICE:NOTICE: CDC now recommends that children between the ages of 5 and 11 years receive the P zer-BioNTech pediatric
COVID-19 Vaccine. Learn more about vaccines for children and teens.

Get vaccinated. Get your smartphone. Get started with v-safe.
Use your smartphone to tell CDC about any side e ects after getting the COVID-19 vaccine. You’ll also get reminders if
you need an additional dose.

Table of Contents

› After Vaccination Health Checker› After Vaccination Health Checker

Register for v-safe

Enroll Your Dependent in v-safe

Complete a v-safe Check-In

v-safe Print Resources

Troubleshooting and v-safe Support

Frequently Asked Questions about v-safe

v-safe Overview
V-safeV-safe is a smartphone-based tool that uses text messaging and web surveys to give personalized health check-ins after you
receive a COVID-19 vaccine. Through v-safev-safe, you can quickly tell CDC if you have any side e ects after getting a COVID-19
vaccine. This information helps CDC monitor the safety of COVID-19 vaccines in near real time. Depending on your answers to
the v-safev-safe questions, someone from CDC may call to check on you and get more information. V-safeV-safe will also remind you to
get additional COVID-19 vaccine doses if you need one

COVID-19
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get additional COVID-19 vaccine doses if you need one.

Parents and guardians can enroll adolescents (aged 12 and older) in v-safev-safe and complete health check-ins on their behalf
after they have been vaccinated for COVID-19. All adolescents in the family who are eligible to be vaccinated can be enrolled
in v-safev-safe. Parents and guardians should use their smartphone to complete a separate v-safev-safe registration for each adolescent.
All v-safev-safe communications will be sent to the parent’s or guardian’s smartphone.

If you are enrolled in v-safev-safe and report that you were pregnant at the time of vaccination or after vaccination, the CDC COVID-
19 Pregnancy Registry sta * might contact you to learn more. If you choose to enroll in the registry, you will be contacted
several times throughout your pregnancy for additional health check-ins.

*Abt Associates has been contracted by the CDC to contact participants for CDC’s v-safev-safe COVID-19 Vaccine Pregnancy
Registry.

V-safe is used for health check-ins.

V-safe is open to people aged 12 and older.

V-safe is used to monitor vaccine safety.

V-safe sends out vaccine reminders.

V-safe does not give medical advice.

V-safe cannotcannot schedule COVID-19 vaccination appointments.

V-safe is notnot an o cial record of being vaccinated against COVID-19.

To schedule, reschedule, or cancel a COVID-19 vaccination appointment, contact the organization that set up your
appointment or a vaccination provider in your area.

You will receive a COVID-19 vaccination card at your vaccination appointment. Learn more about COVID-19 vaccination cards,
including what to do if you lost or did not receive your card.



•
•
•
•
•
•
•

Find a COVID-19 vaccine:Find a COVID-19 vaccine: Search vaccines.gov, text your ZIP code to 438829, or call 1-800-232-0233 to nd locations near
you.
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If you have symptoms or health problems that concern you at any time following COVID-19 vaccination, please contact your
healthcare provider. Also, if you have not been able to report your post-vaccination experience in v-safev-safe (because of a missed
or expired health check-in), you can report adverse events after vaccination to the Vaccine Adverse Event Reporting System

.

Watch Video:Watch Video: Share Your COVID-19 Vaccination Experience with v-safe [00:00:31]
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BACKGROUND
Despite high vaccine coverage and effectiveness, the incidence of symptomatic 
infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has 
been increasing in Israel. Whether the increasing incidence of infection is due 
to waning immunity after the receipt of two doses of the BNT162b2 vaccine is 
unclear.

METHODS
We conducted a 6-month longitudinal prospective study involving vaccinated 
health care workers who were tested monthly for the presence of anti-spike IgG 
and neutralizing antibodies. Linear mixed models were used to assess the dynam-
ics of antibody levels and to determine predictors of antibody levels at 6 months.

RESULTS
The study included 4868 participants, with 3808 being included in the linear 
mixed-model analyses. The level of IgG antibodies decreased at a consistent rate, 
whereas the neutralizing antibody level decreased rapidly for the first 3 months 
with a relatively slow decrease thereafter. Although IgG antibody levels were 
highly correlated with neutralizing antibody titers (Spearman’s rank correlation 
between 0.68 and 0.75), the regression relationship between the IgG and neutral-
izing antibody levels depended on the time since receipt of the second vaccine 
dose. Six months after receipt of the second dose, neutralizing antibody titers were 
substantially lower among men than among women (ratio of means, 0.64; 95% 
confidence interval [CI], 0.55 to 0.75), lower among persons 65 years of age or 
older than among those 18 to less than 45 years of age (ratio of means, 0.58; 
95% CI, 0.48 to 0.70), and lower among participants with immunosuppression 
than among those without immunosuppression (ratio of means, 0.30; 95% CI, 
0.20 to 0.46).

CONCLUSIONS
Six months after receipt of the second dose of the BNT162b2 vaccine, humoral re-
sponse was substantially decreased, especially among men, among persons 65 years 
of age or older, and among persons with immunosuppression.
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As the rollout of vaccines against 

severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2)1,2 is expanding world-

wide, data on the durability of protection are 
limited. A randomized, controlled trial and real-
world studies have shown vaccine efficacy of 
94 to 95% with the BNT162b2 vaccine (Pfizer–
BioNTech) and vaccine effectiveness in prevent-
ing symptomatic coronavirus disease 2019 
(Covid-19) 7 days or more after receipt of the 
second dose of vaccine.1,3-5 Real-world effective-
ness and immunogenicity data describing the 
antibody kinetics over time after vaccination are 
beginning to appear, but a complete picture of 
the duration of immunity is not yet available. We 
recently reported that breakthrough infection in 
BNT162b2-vaccinated persons was correlated with 
neutralizing antibody titers.6 However, a thresh-
old titer that can predict breakthrough infection 
has not been defined.

The BNT162b2 vaccine elicits high IgG and 
neutralizing antibody responses 7 to 14 days 
after receipt of the second dose. Lower antibody 
levels have been shown to develop in older per-
sons, men, and persons with an immunosup-
pressed condition, which suggests that antibody 
titers in these populations may decrease earlier 
than in other populations.7,8 A decrease in anti-
spike (S) antibody levels by a factor of two was 
observed from the peak (at 21 to 40 days) to 84 
days after receipt of the second dose of the 
BNT162b2 vaccine among 197 vaccinated per-
sons.9 Here, we report the results of a large-
scale, real-world, longitudinal study involving 
health care workers that was conducted to assess 
the kinetics of immune response among persons 
with different demographic characteristics and 
coexisting conditions throughout the 6-month 
period after receipt of the second dose of the 
BNT162b2 vaccine.

Me thods

Study Design and Population

We conducted this prospective longitudinal co-
hort study involving health care workers at Sheba 
Medical Center, a large tertiary medical center in 
Israel that includes 1600 beds and 14,739 health 
care workers, including employees, students, vol-
unteers, and retired personnel. The distribution 
of the health care workers at Sheba Medical Cen-
ter is as follows: 18% are physicians, 27% are 

nurses or nurse aids, 21% are paramedical per-
sonnel, and 34% are administrative or logistic 
employees. The study protocol was approved by 
the institutional review board at Sheba Medical 
Center.

All the participants were health care workers 
who had been invited to participate in the study 
and provide peripheral-blood samples for sero-
logic assays before receipt of the first vaccine 
dose and then monthly (every 28 days, within a 
window of ±14 days) for 6 months after receipt 
of the second vaccine dose. Written informed 
consent was obtained from all study participants.

Eligibility criteria included an age of 18 years 
or older, no SARS-CoV-2 infection before receipt 
of the first vaccine dose (determined on the ba-
sis of either a negative anti–SARS-CoV-2 IgG test 
or the absence of a positive polymerase-chain-
reaction [PCR] assay result for SARS-CoV-2, with 
no history of suspected clinical SARS-CoV-2 in-
fection), and at least one serologic assay result 
after receipt of the second dose of vaccine. Data 
on PCR testing are provided in Supplementary 
Methods Section S1 in the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org. The end of the study for any par-
ticipant was defined as 175 days after receipt of 
the second vaccine dose, a positive SARS-CoV-2 
PCR or antinucleocapsid (anti-N) antibody result, 
or loss to follow-up.

All the health care workers at Sheba Medical 
Center were required to report a daily health 
status on arrival at the hospital. If any Covid-19–
associated symptom or exposure to a SARS-
CoV-2–infected person at work, at home, or in 
the community was reported, a PCR test for 
SARS-CoV-2 was required.6,10 In addition, month-
ly serologic follow-up was conducted during the 
study period. Participants with a substantial in-
crease in IgG antibody levels or neutralizing anti-
body titers (≥4 times) between consecutive tests 
were tested for anti-N antibody to rule out a 
Covid-19 breakthrough infection and, if positive, 
were withdrawn from the study.

Participants were notified of their personal 
test results. Participants whose IgG and neu-
tralizing antibody titers decreased to below the 
test cutoff level tended not to return for follow-
up visits. These and other missing outcomes 
were accommodated through the linear mixed 
model that was used in the analysis (described 
below).
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Study Design of Serologic Assays

Antibodies were tested during the baseline pe-
riod (defined as days 4 through 17 after receipt 
of the second vaccine dose) and every 4 weeks 
thereafter: during days 18 through 42 (period 1), 
days 43 through 70 (period 2), days 71 through 
98 (period 3), days 99 through 126 (period 4), 
days 127 through 154 (period 5), and days 155 
through 175 (period 6). Because we could not 
perform neutralizing antibody assays in all study 
participants, we selected a subgroup that included 
higher proportions of persons with risk factors 
of interest, such as an age of 65 years or older 
and coexisting conditions. Criteria for the selec-
tion of participants for the neutralizing antibody 
subgroup are listed in Supplementary Methods 
Section S2. The peak period was defined as the 
interval of time with the highest titers after re-
ceipt of the second dose.

A correlation between neutralizing antibody 
titers and infectivity was recently reported6 and 
suggested that although the specific threshold 
titer that can predict breakthrough infection is 
still undefined, neutralizing antibodies may be 
used as a correlate of protection. We therefore 
assessed the probability of having a titer below 
the cutoff for diagnostic positivity on the neutral-
izing antibody test (i.e., 16), as well as four titra-
tions above it: 32, 64, 128, and 256. We assessed 
titers of IgG and neutralizing antibody at two 
primary time points: the peak period (as defined 
above) and the end of study (at 175 days).

Data on age and sex were available for all 
study participants. A computer-based question-
naire about demographic characteristics and co-
existing conditions was sent electronically to all 
study participants. The questionnaire and defi-
nitions of the study variables are provided in 
Tables S2 and S3. Participants who did not re-
spond to the questionnaire were not included in 
the mixed-model analysis.

Serologic Assays

Samples from vaccinated participants were test-
ed for antibodies against SARS-CoV-2 receptor-
binding domain with the Access SARS-CoV-2 IgG 
assay (Beckman Coulter).11,12 Anti-N antibodies 
were tested with the Platelia SARS-CoV-2 Total 
Ab Assay (Bio-Rad) according to manufacturer 
instructions. The SARS-CoV-2 pseudovirus neu-
tralization assay was performed as described 
previously7 with the use of a green fluorescent 

protein reporter–based pseudotyped virus with a 
vesicular stomatitis virus backbone coated with 
SARS-CoV-2 S protein. The lower level of diag-
nostic detection for IgG is 0.62, and the lower 
level that is considered neutralizing is 16. Addi-
tional information about antibody testing is pro-
vided in Supplementary Methods Section S3.

Statistical Analysis

We used linear mixed models to examine the 
IgG and neutralizing antibody kinetics over the 
6-month period after receipt of the second vac-
cine dose and to associate these changes with 
the demographic characteristics and coexisting 
conditions of the participants. The dependent 
variable was either the IgG or neutralizing anti-
body level, which was log-transformed. Fixed-
effect covariates included sex, age group (18 to 
44 years, 45 to 64 years, or ≥65 years), and age-
by-sex interaction. Time was modeled as a con-
stant up to 30 days after receipt of the second 
dose and as a linear trend thereafter. For neu-
tralizing antibody levels, the slope of the linear 
trend was allowed to change at day 70 after re-
ceipt of the second dose. Interactions of the 
initial time slope (from day 30 onward) with age 
group and sex were also included. In addition to 
this basic model, body-mass index (BMI; the 
weight in kilograms divided by the square of the 
height in meters) and coexisting conditions were 
added so that we could examine their relation-
ships to antibody kinetics, and interactions of 
time with each of these covariates were retained 
in the model only if they were significant at the 
5% level after Bonferroni adjustment for multi-
ple comparisons. Individual participant level and 
time trend were included as random effects. 
Missing data regarding IgG or neutralizing anti-
body levels were accommodated within these 
models under the “missing at random” assump-
tion. Participants with missing values for the 
covariates were excluded from the analysis. Ad-
ditional details regarding the mixed-models 
analysis are provided in Supplementary Methods 
Sections S4 and S5.

The estimated effects of covariates are pre-
sented as ratios of means with 95% confidence 
intervals on the original scale of the IgG and 
neutralizing antibodies. A two-sided P value of 
less than 0.05 was considered to indicate statis-
tical significance. On the basis of each fitted 
model, the estimated probability of having a titer 
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below the specified different neutralizing anti-
body titers at 6 months after receipt of the sec-
ond dose (with the 95% confidence interval) was 
calculated for different participant profiles by 
means of computer simulation.

Scatter plots of log-transformed IgG and neu-
tralizing antibody levels and the distributions of 
log-transformed IgG and neutralizing antibody 
levels according to time since the receipt of the 
second dose were created with the use of Graph-
Pad Prism software, version 5.0 (GraphPad Soft-
ware). Correlations between IgG and neutraliz-
ing antibody levels for each period were assessed 
by Spearman’s rank correlation. Statistical analy-
sis was performed with the use of SAS software, 
version 9.4 (SAS Institute), and the linear mixed-
models analyses were performed with the use of 
R software, version 3.6.2 (R Foundation for Sta-
tistical Computing).

R esult s

Study Population and Serologic Assays

The study was conducted from December 19, 
2020, to July 9, 2021. Of the 12,603 vaccinated 
health care workers who were eligible for the 
study, 4868 were recruited for study participa-
tion (Fig. 1). During the study period, 20 partici-
pants had a breakthrough SARS-CoV-2 infection 
(defined as a positive PCR result for SARS-
CoV-2), and 5 had a positive anti-N result. A total 
of 14,736 IgG assays and 4521 neutralizing anti-
body assays were performed. The numbers of 
persons with repeated IgG tests and neutralizing 
antibody assays are shown in Figure 1. IgG levels 
were evaluated at least once for all study partici-
pants during the 6 months of follow-up and at 
least twice for 2631 participants (54.0%). The 
neutralizing antibody subgroup included 1269 
participants (26.1%) who underwent at least one 
neutralizing antibody test; 955 of these partici-
pants (75.3%) were tested at least twice. Data on 
age and sex were available for all study partici-
pants. Overall, 3808 participants (78.2%) respond-
ed to the computer-based questionnaire and 
were included in the mixed-model analysis.

The demographic characteristics and data on 
coexisting conditions in the study participants 
are provided in Table S1, in both the overall 
population and the neutralizing antibody sub-
group. The mean (±SD) age of the participants 
was 46.9±13.7 years in the overall population 
and 52.7±14.2 years in the neutralizing antibody 

subgroup. The distributions of the demographic 
characteristics and coexisting conditions among 
the participants according to study period and 
IgG and neutralizing antibody assays are pro-
vided in Tables S4 and S5.

SARS-CoV-2 Antibody Kinetics after Receipt  
of Second Vaccine Dose

Antibody response and kinetics were assessed 
for 6 months after receipt of the second vaccine 
dose (Figs. 2A and 2B and S1 and Table S6). The 
highest titers after the receipt of the second 
vaccine dose (peak) were observed during days 
4 through 30, so this was defined as the peak 
period. The expected geometric mean titer (GMT) 
for IgG for the peak period, expressed as a 
sample-to-cutoff ratio, was 29.3 (95% confi-
dence interval [CI], 28.7 to 29.8). A substantial 
reduction in the IgG level each month, which 
culminated in a decrease by a factor of 18.3 after 
6 months, was observed. Neutralizing antibody 
titers also decreased significantly, with a de-
crease by a factor of 3.9 from the peak to the end 
of study period 2, but the decrease from the start 
of period 3 onward was much slower, with an 
overall decrease by a factor of 1.2 during periods 
3 through 6. The GMT of neutralizing antibody, 
expressed as a 50% neutralization titer, was 
557.1 (95% CI, 510.8 to 607.7) in the peak period 
and decreased to 119.4 (95% CI, 112.0 to 127.3) 
in period 6.

Differential Decay According to Age and Sex

IgG and neutralizing antibody kinetics showed 
differences in immunogenicity according to age 
group and sex (Fig. 2C through 2F). The rate of 
IgG decay in all subgroups defined according 
to age and sex was constant throughout the 
6-month period, whereas neutralization was sub-
stantially reduced up to period 3, followed by a 
slower decrease thereafter. Participants 65 years 
of age or older had lower IgG and neutralizing 
antibody levels than persons 18 to less than 45 
years of age during the peak period and also had 
a greater decrease, up to approximately 3 months 
(end of period 2), in the neutralizing antibody 
titer (Fig. 2C and 2D, and see Supplementary 
Results Sections S1 and S2).

Predictors of Peak and End-of-Study 
Antibody Titers

In the peak and end-of-study periods, significant-
ly lower IgG titers were associated with older 
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age, male sex, the presence of two or more co-
existing conditions (i.e., hypertension, diabetes, 
dyslipidemia, or heart, lung, kidney, or liver 
disease), the presence of autoimmune disease, 
and the presence of immunosuppression. Sig-
nificantly lower neutralizing antibody titers were 
associated with older age, male sex, and the pres-
ence of immunosuppression in both periods, and 
significantly higher neutralizing antibody titers 
were associated with a BMI of 30 or higher (obe-

sity) as compared with a BMI of less than 30 in 
both study periods. Our results show that al-
though the IgG and neutralizing antibody titers 
were significantly lower in participants with two 
or more specific coexisting conditions than in 
those with no specific coexisting condition dur-
ing the peak period, no significant differences 
in neutralizing antibody titers were observed at 
the end of study. In addition, participants with 
autoimmune disease had a significantly lower 

Figure 1. Recruitment of Participants, Testing, and Follow-up.

This study involved a prospective cohort of health care workers who had received the BNT162b2 vaccine and underwent at least one se-
rologic assay after receipt of the second dose of vaccine. During the study period (December 19, 2020, to July 9, 2021), participants were 
followed monthly for 6 months after receipt of the second dose. PCR denotes polymerase chain reaction, and SARS-CoV-2 severe acute 
respiratory syndrome coronavirus 2.

12,603 Were eligible for the study

12,672 Were vaccinated with 2 doses

14,739 Health care workers were working
at Sheba Medical Center 

4868 Underwent ≥1 serologic test
after receiving second dose of vaccine 

69 Were excluded owing to being positive for
SARS-CoV-2 before receiving vaccine

42 Received diagnosis on basis of PCR test
27 Received diagnosis on basis of IgG serologic test

4868 Were tested for presence of
IgG antibodies

4868 (100%) Underwent ≥1 test
2631 (54.0%) Underwent ≥2 tests
2078 (42.7%) Underwent ≥3 tests
1781 (36.6%) Underwent ≥4 tests
1495 (30.7%) Underwent ≥5 tests
1190 (24.4%) Underwent ≥6 tests
693 (14.2%) Underwent 7 tests

1269 Were tested for presence of
neutralizing antibodies

1269 (100%) Underwent ≥1 test
955 (75.3%) Underwent ≥2 tests
776 (61.2%) Underwent ≥3 tests
594 (46.8%) Underwent ≥4 tests
441 (34.8%) Underwent ≥5 tests
306 (24.1%) Underwent ≥6 tests
180 (14.2%) Underwent 7 tests

Baseline
(days 4–17)

3991 Were tested
for IgG
antibodies

681 Were tested
for neutralizing
antibodies

Period 1
(days 18–42)

2690 Were tested
for IgG
antibodies

622 Were tested
for neutralizing
antibodies

Period 2
(days 43–70)

1829 Were tested
for IgG
antibodies

724 Were tested
for neutralizing
antibodies

Period 3
(days 71–98)

1732 Were tested
for IgG
antibodies

559 Were tested
for neutralizing
antibodies

Period 4
(days 99–126)

1606 Were tested
for IgG
antibodies

697 Were tested
for neutralizing
antibodies

Period 6
(days 155–175)

1370 Were tested
for IgG
antibodies

517 Were tested
for neutralizing
antibodies

Period 5
(days 127–154)

1518 Were tested
for IgG
antibodies

721 Were tested
for neutralizing
antibodies
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IgG titer but not neutralizing antibody titer dur-
ing both the peak and end-of-study periods than 
did those without autoimmune disease. An age-
by-sex interaction was found; the difference by 
which the titers in men 45 years of age or older 
were lower than the titers in men younger than 
45 years of age was larger than the difference 
between the corresponding female groups.

At the end of study, the mixed-model analysis 
showed decreases in IgG and neutralizing anti-
body concentrations of 38% and 42%, respec-
tively, among persons 65 years of age or older as 
compared with participants 18 to less than 45 
years of age and of 37% and 46%, respectively, 
among men 65 years of age or older as compared 
with women in the same age group (Table 1). 
Participants with immunosuppression had de-
creases in the IgG and neutralizing antibody 
concentrations of 65% and 70%, respectively, as 
compared with participants without immuno-
suppression. Obese participants (those with a 
BMI of ≥30) had a 31% increase in neutralizing 
antibody concentrations as compared with non-
obese participants (Table 1).

For IgG levels, the correlation between indi-
vidual participants’ peak levels and their slopes 
of the decrease was positive but weak (0.17; 95% 
CI, 0.11 to 0.24); the rates of decay were not 
strongly related to initial levels. However, for neu-
tralizing antibody, the correlation was strongly 
negative (−0.63; 95% CI, −0.70 to −0.55). After 
adjustment for other factors, participants with a 
higher initial level tended to have a decrease that 
was faster up to approximately 70 days after re-
ceipt of the second dose. Beyond that time, rates 
of decay were modest and did not vary much 
among participants.

We used the mixed model to predict the prob-
ability in different subgroups of reaching a neu-
tralizing antibody titer lower than the test cutoff 
for diagnostic positivity (i.e., <16) by 6 months 
after receipt of the second dose. We also used the 
model to predict the probability of a decrease to 
below different neutralizing antibody titers (<32, 
<64, <128, or <256) (Table 2). Among healthy 
women and men in the three age groups (18 to 
<45 years, 45 to <65 years, and ≥65 years of age), 
the probability of having a neutralizing antibody 
titer of less than 256 at 175 days after receipt of 
the second dose were as follows: 0.68, 0.79, and 
0.81, respectively, among women and 0.75, 0.89, 
and 0.92, respectively, among men. The proba-
bility of having a neutralizing antibody titer of 
less than 16 in these three age groups (18 to <45 
years, 45 to <65 years, and ≥65 years of age) 
were as follows: 0.02, 0.05, and 0.06, respectively, 
among women and 0.04, 0.11, and 0.15, respec-
tively, among men. Overall (regardless of sex 
and age group), obese participants were at lower 
risk for having lower neutralizing antibody titers 
than nonobese participants. Participants with im-
munosuppression were more likely than healthy 
participants to have a below-average neutraliz-
ing antibody titer (Table 2).

Correlation between IgG and Neutralizing 
Antibody Levels

We assessed the correlation between IgG and 
neutralizing antibody levels. Although a strong 
correlation between IgG and neutralizing anti-
body titers was maintained throughout the 
6 months after receipt of the second dose of vac-
cine (Spearman’s rank correlation between 0.68 
and 0.75) (Fig. S2), the regression relationship 
between the IgG and neutralizing antibody lev-
els depended on the time since the second dose 
of vaccine, a finding that was probably due to 
the different kinetics between IgG and neutral-
izing antibody levels (Fig. 2).

Discussion

In this prospective longitudinal study, we found 
a significant waning of humoral responses 
within 6 months after receipt of the second dose 
of BNT162b2 vaccine in a large cohort of 4868 

Figure 2 (facing page). Distribution of Antibodies 6 Months 
after Receipt of Second Dose of the BNT162b2 Vaccine.

Panels A and B show the geometric mean titers (GMTs) 
of IgG and neutralizing antibody, respectively, in the 
entire study population, and Panels C through F show 
GMTs according to age group and sex. Antibodies were 
tested monthly throughout seven periods after receipt 
of the second dose of vaccine. Dots represent individual 
observed serum samples. The dashed line in each panel 
indicates the cutoff for diagnostic positivity. I bars indi-
cate 95% confidence intervals. RBD denotes receptor-
binding domain.
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Table 1. Mixed-Model Analysis of Variables Associated with IgG and Neutralizing Antibody Titers after Receipt of the Second Vaccine Dose.*

Variable Peak Titer End-of-Study Titer

IgG 
(N = 3808)

Neutralizing Antibody 
(N = 1149)

IgG 
(N = 3808)

Neutralizing Antibody 
(N = 1149)

ratio of mean titer (95% CI)

Age group†

<45 yr Reference Reference Reference Reference

45 to <65 yr 0.80 (0.77–0.84) 0.52 (0.43–0.64) 0.81 (0.78–0.85) 0.66 (0.57–0.76)

≥65 yr 0.61 (0.56–0.66) 0.59 (0.47–0.75) 0.62 (0.57–0.68) 0.58 (0.48–0.70)

Sex†

Female Reference Reference Reference Reference

Male 0.98 (0.98–0.98) 0.64 (0.52–0.80) 0.99 (0.97–1.00) 0.64 (0.55–0.75)

Coexisting condition

Body-mass index ≥30

No Reference Reference Reference Reference

Yes 1.05 (0.99–1.11) 1.31 (1.14–1.51) 0.99 (0.93–1.05) 1.31 (1.14–1.51)

No. of specific coexisting conditions‡

0 Reference Reference Reference Reference

1 1.02 (0.96–1.08) 0.88 (0.70–1.11) 1.02 (0.96–1.08) 0.96 (0.84–1.17)

≥2 0.82 (0.75–0.89) 0.59 (0.44–0.79) 0.82 (0.75–0.89) 0.88 (0.71–1.09)

Autoimmune disease§

No Reference Reference Reference Reference

Yes 0.88 (0.81–0.95) 1.15 (0.94–1.39) 0.88 (0.81–0.95) 1.15 (0.94–1.39)

Immunosuppression§

No Reference Reference Reference Reference

Yes 0.35 (0.29–0.42) 0.30 (0.20–0.46) 0.35 (0.29–0.42) 0.30 (0.20–0.46)

Interactions between age and sex

Age <45 yr

Female sex Reference Reference Reference Reference

Male sex 0.89 (0.84–0.95) 0.53 (0.36–0.79) 0.96 (0.89–1.03) 0.81 (0.60–1.08)

Age 45 to <65 yr

Female sex Reference Reference Reference Reference

Male sex 0.88 (0.82–0.94) 0.79 (0.54–1.15) 0.87 (0.81–0.94) 0.62 (0.50–0.77)

Age ≥65 yr

Female sex Reference Reference Reference Reference

Male sex 0.70 (0.61–0.80) 0.64 (0.45–0.89) 0.63 (0.54–0.73) 0.54 (0.41–0.73)

*  The peak period was defined as days 4 through 30 after receipt of the second dose of vaccine, and the end of study as day 175 after 
 receipt of the second dose.

†  Shown is the marginal effect from the mixed model without the age-by-sex interaction.
‡  Specific coexisting conditions included hypertension, diabetes, dyslipidemia, heart disease, lung disease, kidney disease, and liver 

 disease.
§  Any participant with an autoimmune disease who also received an immunosuppressive drug was also considered to have immuno-

suppression.
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participants. We observed a continuous decrease 
in anti-S IgG titers at a relative stable rate with-
in 6 months. The decrease in neutralizing anti-
body titers was brisk initially, in the period of up 
to 70 to 80 days, but slowed thereafter. Antibody 
titers were associated with age, sex, and coexist-
ing conditions. Particularly vulnerable popula-
tions with lower neutralizing titers were older 
men and participants with immunosuppression.

Published work about many vaccines, such as 
those against measles, mumps, and rubella, has 
shown a small decrease each year of 5 to 10% in 
the neutralizing antibody levels.13,14 We found 
that a significant and rapid decrease in humoral 
response to the BNT162b2 vaccine was observed 
within months after vaccination.

Neutralizing antibodies have been shown to 
correlate with protection.6,15 Yet, neutralizing as-
says are complex and time-consuming. Thus, the 
correlation between anti-S IgG and neutralizing 
antibody levels reported here are useful. Although 
we found a consistently strong correlation, the 
regression relationship between IgG and neu-
tralizing antibody was dependent on time. Thus, 
relating IgG levels to neutralizing ability de-
pends on time since the second dose.

Using a mixed model, we analyzed the asso-
ciation of age, sex, and coexisting conditions 
with immunogenicity, both at the peak and at 
6 months after receipt of the second dose. We 
found that antibody levels in both periods were 
higher in women than in men and decreased 
with age, as has been previously shown for the 
first month after receipt of the second dose.7,16 
Similar to the findings in other reports,17-19 a 
significantly lower antibody response was found 
consistently through the observation period 
among participants with immunosuppression, 
who had neutralizing antibody titers that were 
lower by a factor of 5 than those among partici-
pants without immunosuppression.

Obese persons (BMI, ≥30) had a significantly 
higher neutralizing antibody titer during long-
term follow-up than nonobese participants. Obe-
sity is associated with severe Covid-19,20 and dis-
ease severity is associated with a higher Covid-19 
humoral immune response. A recent study 
showed that SARS-CoV-2 neutralizing antibodies 

are positively associated with BMI.21 Yet, it is still 
unclear whether vaccinated obese persons are at 
higher or lower risk for breakthrough infection 
and whether the relatively high humoral re-
sponse to the vaccine is protective.

Several studies on the durability of humoral 
response in persons who have recovered from 
SARS-CoV-2 infection showed that both IgG and 
neutralizing antibody levels decrease only mod-
estly at 8 to 10 months after the infection.22,23 
This striking difference in antibody kinetics be-
tween convalescent persons and vaccinated per-
sons may be the reason for the substantially lower 
incidence of breakthrough infection among pre-
viously infected persons than among vaccinated 
persons.24,25 Overall, the accumulating evidence 
from our study and others22-25 shows that long-
term humoral response and vaccine effectiveness 
in previously infected persons were superior to 
that in recipients of two doses of vaccine.

Our study was conducted in a cohort of health 
care workers, who were mostly healthy persons 
and therefore may not represent the general 
population. To overcome this limitation, although 
IgG tests were performed in the entire study 
population, neutralizing antibody tests were 
performed in a subgroup that included higher 
proportions of older persons or of persons with 
coexisting conditions in order to better repre-
sent the general population.

Our data provide important insights into the 
longitudinal dynamics of the immune response 
to BNT162b2 vaccination. As this pandemic con-
tinues to evolve, the importance of determining 
immune correlates of protection after vaccina-
tion becomes clearer. Strategies to prolong host 
immunity need to be evaluated in order to pro-
tect the population against SARS-CoV-2 and its 
variants.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.
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National Healthcare Safety Network (NHSN)

Weekly HCP COVID-19 Vaccination
Facilities can track weekly COVID-19 vaccination data for healthcare personnel (HCP) through NHSN.

FAQs on Reporting COVID-19
Vaccination Data

Training
Reporting Weekly COVID-19 Vaccination Data – September 2021

YouTube Link [Video – 51 min]

Slideset [PDF – 2 MB]

NHSN Quick Learn Demonstration: Reporting Weekly Cumulative COVID-19 Vaccination Data – May 2021

YouTube Link [Video – 21 min]

Slideset [PDF – 1 MB]





Data Collection Forms and Instructions
All Data Collection Forms are Print-onlyAll Data Collection Forms are Print-only

Monthly Reporting Plan (57.203) [PDF – 80 KB] – September 2021

Table of Instructions [PDF – 100 KB]

Weekly COVID-19 Vaccination Summary Data Form for Healthcare Personnel at non-LTCFs (57.219) [PDF – 150 KB] –
September 2021

Table of Instructions [PDF – 200 KB]









CSV Data Import
Uploading Group COVID-19 .CSV Data Files (10.0) [PDF – 1 MB] – September 2021

Uploading Group COVID-19 .CSV Data Files (Pre 10.0) [PDF – 1 MB] – August 2021

Healthcare Personnel COVID-19 Vaccination Data

CSV File Template (10.0) [CSV – 2 KB] – September 2021

Example CSV File (10.0) [CSV – 3 KB] – September 2021

CSV File Template (Pre 10.0) [CSV – 2 KB] – August 2021

Example CSV File (Pre 10.0) [CSV – 4 KB] – August 2021













AR-04319

Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 274 of 275   PageID 4860Case 2:21-cv-00229-Z   Document 30-7   Filed 11/28/21    Page 274 of 275   PageID 4860



Data Tracking Worksheets
Data Tracking Worksheet for COVID-19 Vaccination among Healthcare Personnel [XLS – 8 MB] – October 2021

Resources
Weekly COVID-19 Vaccination Data Reporting Guidance – December 2020 [PDF – 200 KB]

Quick Reference Guide: Data Quality Alerts – July 2021 [PDF – 400 KB]

Line List of COVID-19 Vaccination Data – December 2020 [PDF – 600 KB]
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