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Although counts of the novel Coronavirus (SARS-CoV-2) infections and deaths are reported
by several sources online, precise estimation of the exposed proportion of the population is not
possible in most areas of the world. Estimates of other disease prevalence in the United States
are often obtained through in-person seroprevalence surveys. The availability of testing only
for individuals with symptoms, combined with stay-at-home and social distancing mandates
to stem the spread of the disease, limit in-person data collection options. A probability-based
mail survey with at-home, self-administered testing is a feasible method to safely estimate
SARS-CoV-2 antibody prevalence within the United States while also easing burden on the
U.S. public and health care system. This mail survey could be a one-time, cross-sectional
design, or a repeated cross-sectional or longitudinal survey. We discuss several options for
designing and conducting this survey.
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1 Introduction

Although daily counts of SARS-CoV-2 infections and
deaths are reported by many sources online, precise estima-
tion of a prevalence rate is not possible in most areas of the
world. Due to the shortage of tests in many countries, those
who show symptoms of the SARS-CoV-2 illness (COVID-
19) are more likely to be tested (Spinelli & Pellino, 2020).
However, some who get infected show no symptoms, even
though they are able to spread the virus to others (Day, 2020).
To estimate how widespread the infection has been in a coun-
try such as the United States, random testing for antibod-
ies to the virus is needed. Antibody testing can reveal who
has been infected, not just who is currently infected or who
has shown common COVID-19 symptoms. A population-
based SARS-CoV-2 antibody prevalence estimate would al-
low public health officials and policymakers to allocate re-
sources where immunity prevalence is low, assess current
cloth face covering, stay-at-home, or other orders, and guide
vaccination program implementation planning.

Contact information: Alicia M. Frasier, 30 W. Monroe Street,
Suite 2100 Chicago, IL, United States 60606-4901 (E-mail:
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The design and execution of a mail survey that uses self-
administered, at-home antibody testing with a population-
based sample of non-institutionalized residents is a feasi-
ble and safe method to assess the prevalence of SARS-CoV-
2 antibodies in the U.S. population. Mail surveys tend to
be less expensive than in-person surveys and also provide
population-based data faster than in-person field surveys.
This survey could be tailored to represent the whole country
or a specific state or city. Although testing is currently occur-
ring in hospitals, clinics, and commercial sites, implementing
a population-based design would mitigate issues of cover-
age bias from unequal distribution of sites and selection bias
from guidelines that prioritize tests for symptomatic individ-
uals. The survey we discuss in this paper would provide a
more accurate estimate of SARS-CoV-2 antibody prevalence
in the population. Although it is still unclear whether positive
immunological markers confer immunity, this alternative de-
sign captures the prevalence of those markers and the virus’s
symptom profile from a population-based sample; this is an
added value not possible at testing sites, clinics, or hospitals
where asymptomatic and mildly symptomatic individuals are
unlikely to be present. Obtaining questionnaire data on de-
mographics, essential-worker status, and symptoms through
this design also allows for stratification of disease prevalence
and immunity marker types across subpopulations.
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Serosurveys for SARS-CoV-2 are being planned or have
begun in some local jurisdictions and countries around the
world. Some have used non-probability samples (Bendavid
et al., 2020; “NIH begins study to quantify undetected cases
of coronavirus infection,” 2020; The Boston Globe, 2020).
These studies have been criticized as potentially providing
higher seropositive rates than truly exist, because individ-
uals with symptoms of COVID-19 who had not yet been
tested may have been more motivated to participate. The
prior studies also vary across sample type (e.g., residents,
health care workers), testing locations (e.g., neighborhood
site, public health department), diagnostic test brand/type,
and sensitivity/specificity. This lack of standardization leads
to variability in the results unrelated to true geographic vari-
ation in prevalence. The best way to estimate the prevalence
in the U.S. population is to conduct a general population
probability-based study, such as the one proposed here.

All countries need nationally representative estimates of
the prevalence of antibodies to SARS-CoV-2, by demo-
graphic and policy-relevant subgroups, such as age, race, eth-
nicity, region, and essential-worker status. Below we provide
our thoughts on how such a survey could be conducted in the
United States.

2 Sample Design

Although the United States does not have a national pop-
ulation register, there is a frame of residential mailing ad-
dresses, maintained and updated by the U.S. Postal Service.
A representative sample of household addresses with high
coverage can be selected from this frame (Amaya, Zimmer,
Morton, & Harter, 2018; Battaglia et al., 2016; Eckman &
English, 2012; Peytchev, Ridenhour, & Krotki, 2010).

2.1 Sample Size

To be useful to public health researchers, the confidence
interval on the resulting prevalence estimates should be nar-
row enough that it provides meaningful information. Fig-
ure 1 displays the sample sizes, on the y-axis, needed to de-
tect a given significant difference, on the x-axis. The three
lines refer to three null hypotheses about the prevalence rate
(1%, 5%, and 10%). If the prevalence rate is near 1%, then
a sample size of 5,000 cases would result in a 95% confi-
dence interval of 0.63%-1.42%. Note that this number refers
to a national sample size. If we wish to estimate prevalence
rates for subgroups such as major urban centers, age groups,
or race/ethnicity groups, we will need 5,000 in each group.
Some groups of interest can be targeted geographically by
oversampling areas with high concentrations of racial and
ethnic minorities. Other groups of interest, such as the el-
derly, cannot be targeted geographically, which makes it
harder to meet a target sample size.

Researchers will likely also want to compare prevalence
rates across subgroups. The required sample sizes for such

Figure 1. Necessary sample size to detect a difference for
different hypothesized prevalence rates

Figure 2. Necessary sample size per group to detect a differ-
ence between two groups assuming different hypothesized
prevalence rates

comparison are shown in Figure 2. If the prevalence rate
in Group A is 5% and we wish to detect a difference of 2
percentage points in the rates of Groups A and B (with 80%
power and 5% type 1 error), we will need at least 2,213 com-
pleted cases in each group. Adjustment to the sample sizes
shown in the two figures may be necessary to account for the
false positive and false negative rates of the test used.

The desired number of completed cases must be inflated
to account for returned mail, survey nonresponse, and non-
viable samples. For example, if we were to assume 25%
of surveys are returned with tests and 95% of samples are
viable, then we need to sample and mail to approximately
21,052 addresses to collect 5,000 viable tests. The sample of
addresses from the address frame should be stratified by zip
code, since infection is geographically clustered.
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We recommend selecting many more addresses and divid-
ing them into replicates of 2,000 or so. Each replicate would
be a random sample of the population. Releasing the sample
in replicates would allow for adjustment if the assumed rates
are too low or too high. We might start by releasing eight
replicates (16,000 addresses) to monitor the response and test
viability rates. Then additional replicates could be released
to meet the target number of completes. Replicates would
also allow the survey to expand if additional data collection
resources are found, which would increase the power of the
study to detect differences between subgroups.

2.2 Selection of Respondent within Household

For cost and statistical reasons, the best approach is to ran-
domly sample one adult in each selected household. Each
test involves costs to purchase, mail, and analyze. In addi-
tion, there is likely little statistical value in administering the
test to more than one household member. Because the virus
is highly contagious, the likelihood of multiple household
members sharing the same antibody status is high.

However, random selection of one adult in a household in
a self-administered survey is challenging. We foresee three
options for the selection of one adult. Option 1 is to use
the youngest male/oldest female method or the last (or next)
birthday method. The household could then select the re-
spondent and give the survey and test to him or her. How-
ever, households do not always follow these instructions and
in practice, the selected respondents do not match the pop-
ulation (Lynn, 2019; Olson & Smyth, 2017, 2014). Option
2 is to give no specific instructions and allow any adult in
the household to participate. This approach may in practice
be very similar to Option 1 if few households follow the se-
lection procedure. Some households will give the test and
survey to those likely have been infected. If all adults in
the household have the same antibody status, then it would
not matter (for the test result) who participates. Option 3 is
to select all adults in the household. Given the cost of the
tests and the likely high correlation in results, this approach
seems wasteful. However, it would likely be attractive to re-
spondents who want to know if any household member has
been exposed. The approach might also be valuable for lon-
gitudinal studies.

Unfortunately, there is no ideal method for selecting re-
spondent(s) within households without interviewer involve-
ment. Below we presume that Option 1 will be used.

3 Data Collection Methods

A self-administered mail or web survey offers low costs
and high coverage. Below we discuss how the survey could
be conducted. We do not discuss details on which test the
survey should use because the testing landscape is continu-
ally changing. We presume that a test exists with reasonable
sensitivity and specificity.

3.1 Initial Mailing

Data collection begins by mailing a packet to all addresses
containing: a letter, a paper survey, one self-administered test
kit, and a prepaid addressed return envelope. The introduc-
tory letter should provide a website and phone number for
additional information and offer the option to complete the
survey by web or phone. It should also contain instructions
for selecting one adult in the household to complete both the
survey and specimen collection.

The self-administered test kit should include the speci-
men collection kit (nasal or oral/buccal swab; finger-prick;
saliva), latex gloves, self-collection instructions (with a link
to a video demonstration and an option to video chat with
a collection expert), specimen packaging materials, and a
postage-paid return envelope. All materials, including the
survey and self-collection instructions, should be available
in English and Spanish. Follow-up mailings with nonre-
spondents should also be sent, though we do not recommend
sending additional test kits, due to their cost.

3.2 Questionnaire

The questionnaire should include succinct questions that
the public is accustomed to answering. We suggest a one-
page paper survey with demographic questions, an item
about whether the respondent is an essential worker, a check-
list of symptoms, and previous SARS-CoV-2 testing results.
Use of categories for each variable that correspond to the
CDC’s Case Report Form (“Information for Health Depart-
ments on Reporting Cases of COVID-19,” 2020) allows for
comparison to data reported in tables by the CDC’s weekly
surveillance summary (“Key updates for week 17, ending
April 25, 2020. COVIDView: A weekly surveillance sum-
mary of U.S. COVID-19 activity,” 2020). To maximize re-
sponse among the Hispanic population, the questionnaire
should be printed in English on one side and Spanish on the
other.

The questionnaire would ask whether the respondent had
symptoms associated with COVID-19, had been tested, and
the result of the test (if tested). It would ask for partici-
pants’ permission to recontact to allow for any follow-up sur-
veys/contact. Complete and accurate follow-up information
will be especially important if results are relayed to respon-
dents or if longitudinal testing is conducted to detect sero-
prevalence changes over time among individuals who previ-
ously tested negative. Additionally, there may be some ben-
efit to re-contacting positive individuals if a future wave of
SARS-CoV-2 takes place to determine the degree of protec-
tion immunological markers may confer.

3.3 Testing Methods

Using self-administered kits to collect samples would re-
lieve the burden on the health care system to provide this
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information. It would also reduce risk and burden on respon-
dents: no interviewer would visit their home and they would
not have to visit a testing site. As the pandemic continues,
the health care system’s focus will continue to be on diag-
nosing and treating those who are symptomatic or have been
exposed. This type of testing is crucial but will not allow
public health researchers to estimate the true prevalence rate
among the U.S. adult population, for the reasons discussed
previously. In addition, pooled testing has recently been pro-
posed as an efficient strategy to detect SARS-CoV-2 infec-
tions and determine return-to-work status. While pooled test-
ing is useful for screening purposes of select groups of indi-
viduals, essential personnel, or travelers, it may not be ideal
for the purposes of generating population-based prevalence
estimates nor to determine the prevalence by race, ethnicity,
or other factors of interest.

Serology tests detect the presence of immunological an-
tibodies, referred to as immunoglobulin, currently present.
Immunoglobulin M, or IgM, antibodies are produced early
in the infection period, typically within a week, and decline
within two weeks after reaching a peak. IgM antibodies are
not detectable in the first week of infection, during which
an infected individual is contagious, and are no longer de-
tectable approximately three weeks after the initial infection.
Immunoglobulin G, or IgG, is produced later in the infec-
tion window than IgM antibodies and remain detectable for
a longer period of time, potentially indefinitely. Detection of
IgG occurs approximately fourteen days after infection oc-
curs and is an indicator that an individual has been exposed
to the virus and developed antibodies. IgG remains in the
blood and may provide long-term immunity to future SARS-
CoV-2 infections or severity of symptoms.

There are several viable methodologies to collect speci-
mens to detect SARS-CoV-2 antibodies. Although the U.S.
Food and Drug Administration (FDA) is slowly approv-
ing nasal swabs, finger pricks, saliva collection, and buccal
swabs for at-home COVID-19 testing, wider approval is an-
ticipated in the near future. As of May 11, 2020, twelve
tests have received Emergency Use Authorization approval
for use by the FDA. Not all of these are viable for in-home
or self-administered specimen collection. Research or public
health responses may be exempt from this approval. Testing
supplies are limited in the United States but are expected to
become more readily available.

The validity of a test is determined by the extent to which
the test accurately measures the disease of interest. The va-
lidity of a screening test is measured by the specificity and
sensitivity rates which can be considered forms of testing er-
ror. To reduce the error, the study could administer more than
one test to each subject. Testing using more than one method
would increase the positive predictive value, the likelihood
that a positive test is a true indication of antibody presence. If
testing with two methods is feasible, the test with the higher

sensitivity should be used first, followed by a test with higher
specificity. This approach increases costs but also provides
a more complete picture of the true positives. Such meth-
ods are especially important for rare diseases, or those with
a prevalence rate of 1% or lower (Pottinger & Sia, 2020). In
the case of this pandemic, although we are still determining
the prevalence of the virus itself, it is clear that the rate varies
geographically and demographically.

Numerous surveys have had positive results with self-
collection of biological specimens including nasal (Lunny
et al., 2015), buccal (Walter, Dole, Siega-Riz, & Entwisle,
2011; Woody, Hamilton, Livitz, Figueroa, & Zoccola, 2017),
or vaginal swabs (Jaszczak, Lundeen, & Smith, 2009; Lindau
et al., 2009; Suzman, 2009); saliva (Crimmins et al., 2013;
Dykema, DiLoreto, Croes, Garbarski, & Beach, 2017; Sas-
try, Fomby, & McGonagle, 2017); finger-pricks with blood
(Health and Retirement Study, 2007; Sakhi et al., 2015) col-
lected on filter paper, capillary tubes, or on a test strip such as
diabetics use to test glucose. Participants have also provided
self-collected samples of biological fluids including saliva,
urine, feces (Herd et al., 2017), blood, and other samples
such as hair and fingernails or toenails. Consent rates are
typically higher on longitudinal studies where participants
have some degree of familiarity, association, and loyalty to
the study (Gatny, Couper, & Axinn, 2013; Sakshaug, Of-
stedal, Guyer, & Beebe, 2014). However, samples have been
successfully collected from cross-sectional surveys or in a
baseline year of a longitudinal survey as well (Jaszczak et al.,
2009). Specimen collections can also be successful in web,
phone, and mail surveys (Dykema et al., 2017; Sastry et al.,
2017), as well as in person (Crimmins et al., 2013; Jaszczak
et al., 2009; Pramanik et al., 2012). Prevalence rates of var-
ious health conditions have been successfully estimated us-
ing these self-administered biospecimen collection methods.
While self-administered SARS-CoV-2 serology tests are still
under development and review for use, self-collection tests
are used to test for antibodies to other viruses, such as HIV
or HPV (Jaszczak et al., 2009; Lindau et al., 2009; Suzman,
2009).

Although collection of biologic specimens by respondents
themselves is challenging, we believe that the high relevance
of COVID-19 will lead to a high consent rate. Respondents
will likely be motivated to take part by the opportunity to
learn about their own antibody status but also to help others
and contribute to knowledge about the disease.

3.4 Specimen Collection

Special care should be taken at each step of the process to
ensure that the sample is collected properly and is viable for
analysis purposes. Collection kits must contain all the col-
lection materials, collection instructions, and packaging and
shipping materials and instructions clearly described for the
participant. Ideally these materials should be sent in both En-
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glish and Spanish, with instructions in additional languages
available online.

The sample collection environment must be as clean as
possible to ensure that the specimen is not contaminated. For
example, imagine SARS-CoV-2 is present on a counter or
other surface and a swab is set on that surface, either before
or after specimen collection occurs. The swab could then
give a positive result, but not an accurate result for the sam-
ple member. Instructions should also be provided to partic-
ipants to thoroughly wash their hands before and after sam-
ple collection, again to reduce the likelihood of any cross-
contamination. Respondents will need additional informa-
tion both on how to obtain a sufficient sample and exam-
ples of what is considered insufficient. For example, how
far to extend the nasal swab into the nasal cavity, the areas
of the mouth and areas of the swab to coat with a buccal
swab, or how to obtain an adequate finger stick and sufficient
quantity of blood. Clear instructions must also be provided
if the participant should do any processing of the sample,
such as inserting the swab in a vial with a reagent, mixing a
reagent with the blood collected in a capillary tube, or suffi-
ciently shaking the container to disperse the reagent and coat
the specimen. The respondent will also need directions on
how to package the sample to ensure that it remains intact
during shipping (i.e., enclose in a second container or bub-
ble wrap). Instructions should also be provided as to how
to appropriately clean and sanitize the specimen collection
area after collection is complete and how to prevent cross-
contamination if the individual thinks that they may have an
active SARS-CoV-2 infection.

Additional resources can be provided to the respondent to
increase the rate of viable samples among those collected:

• A website the respondent can access with additional
information, pictures, and videos of proper collection.

• A virtual chat feature to collect the sample while an in-
terviewer or study team member is providing guidance
and reassurance via a video connection. This method
may lead to improved collection results and may be
more acceptable to respondents given the current in-
crease in Telehealth visits because of the current pan-
demic.

• A toll-free phone number to call for assistance, to re-
ceive answers to questions related to collection, pack-
aging and shipping, and to request any additional col-
lection supplies (if additional lancets are needed or the
capillary tube breaks, for example).

• A follow-up phone call from a knowledgeable inter-
viewer or study staff member to ensure collection and
answer any questions related to the collection, packag-
ing, or shipping could be made if telephone numbers
are available.

3.5 Return Packaging and Mailing

Most collection kits currently available require that the
specimen be mailed to a laboratory for processing. One of
the most important considerations regardless of the type of
specimen collected is how long the specimen can be kept at
room temperature without degrading, or if the sample must
be stored at lower temperatures from the time of collection.
A testing mechanism that requires samples to be maintained
at -30C from the time of collection would not be viable for
this study, because dry ice would be required. However,
samples that must be kept cold could be mailed with gel-
activated ice packs that are provided to the respondent. All
samples should be mailed in a container that offers protec-
tion from breakage and leakage because of handling, tem-
perature, or pressure changes. Samples should be shipped
using the most expedient method to ensure that they arrive at
the lab as quickly as possible, and are logged and processed,
or frozen, while still intact. The U.S. postal service requires
that packages containing biological fluids carry a biohazard
sticker visible on the front. Time and day of shipping the
sample and receipt at the lab or storage facility should be
considered as well to ensure the timely logging of receipt
and processing of the sample. If the specimen is stored un-
til processing occurs, storage requirements will need to be
taken into account, to ensure adequate space, temperature,
and lighting to maintain the integrity of the samples.

3.6 Reporting of Results

Results would be communicated to the respondent or any
other required parties (CDC), as required by Institutional Re-
view Boards and aligned with best ethical practices. Report-
ing to the local or state health department may also be re-
quired. Delivery of results should also include resources for
further information, follow-up treatment, or counseling, as
necessary.

Another option is to use tests that report results quickly
and directly to the respondent. These are referred to as Rapid
Tests and are similar to a home pregnancy test or a glucose
check conducted by diabetics. Rapid tests provide results
in 15 minutes or less. These tests are currently the least
reliable, but they may increase in precision over time and
when accompanied by a second, non-rapid test. Several self-
collection kits currently in use, and a number that are under
development, allow the respondent to collect the sample and
view the results. The sample is collected, typically a drop
of blood, and placed on a sheet of treated filter paper that
is enclosed in a plastic cassette. Often, a reagent or buffer
solution is applied, and colored lines appear on the filter pa-
per within 15 minutes to indicate the presence of IgG or IgM
antibodies. Respondents would then be responsible for relay-
ing the results to the study team, by calling a phone number,
taking a picture and uploading it to a website or sending it to



136 ALICIA M. FRASIER, HEIDI GUYER, LAURA DIGRANDE, ROSE DOMANICO, DARRYL COONEY, AND STEPHANIE ECKMAN

an email address, collecting the sample while video chatting
with an interviewer and showing the collection device to the
interviewer, or even mailing the collection device back to the
study team.

3.7 Costs

The data collection costs for the survey we propose would
include labor for creation and mailing of the materials; test
kits; printing and postage for mailed materials, including test
kits; return postage for test kits and questionnaires; nonre-
sponse follow-up in the form of mailings or telephone calls;
analysis of test results; and communication of test results.
If this survey were executed as an in-person data collection,
there would still be the need for creation and printing of writ-
ten materials, mailing lead letters, purchase of test kits, and
analysis of the tests. The additional cost for an in-person
survey would come from the training, travel, and labor costs
associated with sending interviewers to respondents’ homes.
This cost would be significant when compared to printing
and postage costs. In addition, because the pandemic con-
tinues, in-person data collection would add additional risk
for project staff to train interviewers (if an in-person training
were conducted), interviewers to be in respondents’ homes,
and respondents allowing interviewers into their homes.

4 Conclusion

The study outlined in this paper supports the estimation of
the prevalence of antibodies in the U.S. adult population and
in important subgroups. Development and authorization of
new testing methods are proceeding rapidly, but for the next
several months, the observed prevalence of SARS-CoV-2 in
the population will still be inaccurate. A probability-based,
self-administered mail survey containing a test kit and ques-
tionnaire is a cost-effective, fast, and viable method to col-
lect prevalence data. Using survey research methods to esti-
mate the burden of SARS-CoV-2 in the United States popula-
tion circumvents several issues related to hospital- and clinic-
based testing.

Strengths of this approach include known probabilities of
selection for participants; broad inclusion criteria that extend
beyond symptomatic individuals; scalability of the sample
size via replicates; and ability to obtain relatively fast results.
The mail survey could be a one-time, cross-sectional design,
or a repeated cross-sectional or longitudinal approach. How-
ever, the protocol needs to include an adequate sample size
that allows for stable and reliable population estimates, par-
ticularly among demographic subgroups of interest. Other
challenges include the need to ensure representativeness to
the population of interest whether it be the United States as
a whole, or a state or city, and the current limited availability
of testing supplies.

The study design is flexible and could accommodate sev-
eral additional options to increase the statistical power of the

results to detect policy-relevant phenomena, including sam-
ple expansion to include more cases for more accurate sub-
group comparisons; administering a second, different test to
improve the positive predictive value of the results; and peri-
odically re-contacting participants to collect additional sam-
ples at a pre-specified frequency (every 2-4 weeks) or during
a future outbreak.

The SARS-CoV-2 prevalence mail survey should share
testing results with each participant. Although questions may
exist over the ability to ensure that private information with
biological samples is secure across the U.S. Postal System,
the increased use of such methods for HIV and genetic test-
ing indicate that the public is risk aware. However, the survey
must provide follow-up that addresses the psychosocial as-
pects of SARS-CoV-2 infection and educates the respondent
that detection of antibodies through serological tests may not
mean that he or she is fully immune to reinfection. A SARS-
CoV-2 prevalence mail survey is not the terminal point in
public health surveillance for the disease, but it is a critical
step to increase the understanding of the pandemic and to
set the stage for discourse with policymakers regarding the
programs and initiatives necessary to mitigate its burden.
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Commentary

The authors propose a mail survey design for conduct-
ing a probability-based assessment of COVID-19 antibody
prevalence in the United States (US). According to the au-
thors, current antibody prevalence estimates often rely on
non-random samples collected in testing sites, clinics, or hos-
pitals, where it is unlikely that those who show no or mild
symptoms will be tested. The resulting estimates are there-
fore likely to be biased. In their view, a mail survey, in which
self-administered antibody tests and an accompanying ques-
tionnaire are sent to a random sample of US residents, could
address this issue. As a sampling plan, the authors propose
the list of residential mailing addresses maintained by the US
Postal Service. According to the authors, this design is more
accurate than non-probability based approaches, and more
cost-effective, more timely, and less risky for participants (as
no interviewers would have to visit them at home) than com-
parable designs that involve in-person tests and interviews.

We agree that antibody testing based on large-scale, rep-
resentative samples is essential to obtain reliable prevalence
estimates. However, in its current form, the paper is lacking
crucial information that is necessary to assess whether the
proposed approach is a viable and cost-effective alternative
to in-person designs.

First, address-based sampling has become increasingly
popular in recent years, but the authors do not discuss its cov-
erage problems and the potential bias that this might create.
For example, existing research suggests that the coverage of
urban areas based on residential mail addresses is better than
that of more rural areas. Furthermore, depending on whether

or not P.O. boxes are considered, under coverage or over cov-
erage may occur in areas in which P.O. boxes are principal
mode of mail delivery or are a frequent addition to regular
mail addresses. Finally, people who live in non-institutional
group accommodation (e.g., students who live in college dor-
mitories) may be more difficult to sample with a mailing reg-
ister than people who live on their own or with their family
(Iannacchione, 2011)1. Hence, even though address-based
sampling has many advantages, it is not completely bias free
and researchers will need to address this bias in their study
design.

Second, the authors assume that self-administered tests
are generally available, without focusing on any specific test.
This is a strong assumption, but even if we accept it, there
are potential problems. The authors highlight that the ac-
curacy of a correctly administered test (the rates at which
false-positives and false-negatives occur) needs to be con-
sidered when calculating the required sample size to detect
different prevalence rates, next to other factors, such survey
return rates and the share of returned specimen that are vi-
able. They also highlight that the survey package needs to
contain detailed instructions to ensure that the sample is col-
lected correctly. Yet, one important point that the authors do
not consider is that even with such instructions, there might
be systematic variation in the correct application across de-
mographic groups, e.g., because of differences in language
skills, or the ability to follow complex instructions. To the
extent that such differences affect rates of false-positives or
false-negatives, this might bias prevalence estimates across
demographic groups.

Third, and most importantly, the authors do not provide
a cost and risk calculation related to their approach. This
makes it difficult to evaluate its benefits compared to other
approaches. From a cost perspective, the fact that mail
surveys can dispense of interviewers arguably reduces their
costs compared to designs that employ interviewers, ceteris
paribus. Yet, some of the challenges that the authors high-
light themselves might increase certain cost aspects of mail
surveys. For example, (i) special modes of transport might
be necessary to ensure that the collected specimen remain
viable in the mail; (ii) there might be a need for multiple
at-home tests, to increase test accuracy; (iii) non-response
may lead to a loss of unused tests. Depending on the costs
of individual testing kits, non-response might be of partic-
ular concern, if we consider that response rates in general
surveys are typically well below 50%. These issues do not
exist, or are of lesser concern, when in-person interviews are
conducted. Interviewers can more easily ensure the proper
storage and transport of samples, ensure that the tests are ap-
plied properly, and can use tests that have not been used in
one household in a different household. From a risk perspec-

1The references are listed among the references for the main
article
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tive, we agree that minimizing the need to interact with other
people who could carry an infectious disease is desirable, but
the authors do not discus how much bigger the infection risk
would be in a carefully conducted in-person seroprevalence
survey. Such surveys are currently being planned, or have
taken place already, in several countries, and a discussion of
the risks (and costs) that such an approach involves (assum-
ing, e.g., a similar population-based approach as the authors
suggest) would have been instructive to researchers who are
pondering which design to choose.

André Grow, Daniela Perrotta, Emanuele Del Fava, and
Jorge Cimentada

Max Planck Institute for Demographic Research, Germany

Reply to Grow, Perotta, Del Fava and Cimentada

The reviewers from the Max Planck Institute for Demo-
graphic Research in Germany provided us with very thought-
ful consideration and critique of the manuscript. We briefly
address their points below.

The reviewers pointed out “. . . [ABS] is not completely
bias free and researchers will need to address this bias in
their study design.” The reviewers are correct that the ABS
frame excludes those who live in institutions, such as nursing
homes or jails, or in hidden apartments, as well as those who
are homeless. These populations are vulnerable to SARS-
CoV-2 infection and their exclusion likely biases the study’s
estimate of the prevalence downward. We have designed this
study to estimate the prevalence of antibodies in the U.S.
household population and any results published would high-
light this limitation.

The reviewers also indicated that the paper lacked discus-
sion of a specific antibody test. We purposefully did not ad-
dress this point in the original or revised manuscript because
the universe of available and approved tests for antibodies is
continually changing. Additionally, the tests currently avail-
able have lower than optimal sensitivity and specificity rates.
The development of adequate serology tests is an area of fo-
cus internationally, in addition to developing vaccines and
treatments. Suggesting a specific test would date the infor-
mation provided in this manuscript.

The comments also raised the possibility of bias resulting
from respondents not correctly carrying out the at-home test-
ing procedure. This is a valid point and would be a risk in
the self-administered test. The risk could be minimized, as
suggested, by providing clear and direct instructions, supply-
ing help via a toll-free help line, and providing the option to
collect the sample while a trained interviewer or staff person
is on a video call with the respondent. These tactics would
all help minimize error in collection.

In the revised manuscript, we have added some text to ad-
dress the reviewers’ concern about the lack of discussion of
the costs of the study.

The reviewers’ thoughtful observations point to the com-
plexity of such a study. These points should be carefully
considered before such a study is undertaken.

Alicia M. Frasier, Heidi Guyer, Laura DiGrande, Rose
Domanico, Darryl Cooney, and Stephanie Eckman
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