
A Study implementation

This Appendix describes the design and implementation of the RECOVER serological study.

The study was designed and implemented in collaboration with NORC at the University of

Chicago, and the University of Chicago Wilson Antibody Biology Laboratory. Appendix A.1

discusses the construction of the sampling frame and the sampling and randomization proce-

dures. Appendix A.2 describes outreach and follow-up procedures, and additionally discusses

the materials sent to invited households. These materials are reproduced in Appendix A.3.

This study, its design, and its implementation were approved by the IRB at the University

of Chicago (IRB20-0721).

A.1 Sampling and randomization procedures

NORC constructed a sampling frame of approximately 1.2 million household addresses in the

city of Chicago based on address data from the United States Postal Service Computerized

Delivery Sequence File (CDSF).8 The CDSF contains a record for every mail delivery point

in the U.S. and these records are updated monthly.

NORC then randomly sampled 882 household addresses from the sampling frame for the

RECOVER study. All addresses had an equal probability of being randomly sampled. These

882 household addresses were randomly (and with equal probability) assigned to one of three

compensation arms: 374 addresses were assigned to the $0 arm, 374 addresses were assigned

to the $100 arm, and 134 addresses were assigned to the $500 arm.

A.2 Outreach and follow up procedures

Each household in the RECOVER study sample was sent a package that contained a self-

administered blood collection kit, an invitation, and a consent form with a short question-

naire. All households received material that was identical in all aspects except for minor

modifications relating to compensation for participating (i.e. returning a blood sample) de-

pending on the assigned incentive arm. In particular, households in the $0 arm were not

told about financial compensation for participating, and households in the $100 and $500
compensation arms were notified that they would receive $100 and $500 for participating,

respectively.

The blood collection kit included instructions on self-administering and returning a blood

sample.9 The written material explained the purpose of the study, provided information

on financial compensation for participating (if applicable), and explained which member of

the household should participate and how to participate, and provided contact information.

Invitees were additionally provided a toll-free phone number to call with any questions about

the study, procedures, their participation, or rights as a research participant. Appendix

8The software program used to create the sampling frame is retained by NORC.
9On the instruction card, a link to video instructions for taking the sample was provided (https://vimeo.com/

286513641), and invitees were reminded that they could call the toll-free line to have a phone interviewer from
NORC walk them through the sample-taking process.
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Exhibits A.1, A.2, and A.3 respectively depict the invitations sent to households in the $0,
$100 compensation, and $500 compensation arms.

The consent form noted that the purpose of the study was to learn how many people

had already been exposed to the virus, that the study had received IRB approval, that

participants’ data would be securely stored, that they would not receive the result of the test,

and that compensation (if offered) would be received when the Wilson laboratory received

the blood sample. The consent form concluded with a request for the participant’s signature

and a short questionnaire. The first part of the consent form differed very slightly depending

on the assigned incentive arm: Appendix Exhibits A.4, A.5, and A.6 respectively depict the

first part of the consent forms sent to households in the $0, $100 compensation, and $500
compensation arms. The second part of the consent form was uniform across compensation

arms, and is depicted in Appendix Exhibit A.7.

After all packages were sent, NORC additionally sent up to three weekly reminder post-

cards to all sampled households who had not yet returned a kit. Appendix Exhibits A.8,

A.9, and A.10 respectively depict the postcards sent to households in the no compensation,

$100 compensation, and $500 compensation arms. NORC also conducted up to three weekly

phone calls to these households.10 If a non-usable sample was received by the laboratory,

NORC contacted households to inform them that their sample was not usable. Households

were offered the option of receiving a replacement kit to attempt to take their sample again.11

If households refused to receive a replacement kit, the interviewer would explain that they

would not receive payment. If households agreed to receive a replacement kit, a new kit was

mailed to the participant. There was no extra payment or penalty for having to retake one’s

sample. As soon as the second sample was received by the laboratory, the participant was

sent their payment, even if this second sample was also unusable.

10Since the sampling frame itself does not contain any telephone number information, phone numbers were
appended to the sample once it was selected using data from commercial providers.

11Reasons for a non-usable sample include an empty or not-attempted kit or a kit with insufficient blood sample.
The research team was informed by the kit manufacturer that their product returns a total of 1.8% unusable
samples. When empty or not-attempted kits were sent back, NORC also attempted to assist the participant in
understanding the required conditions of participation and compensation via phone call.
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A.3 Materials

Exhibit A.1: Invitation sent to households, incentive level $0
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Exhibit A.2: Invitation sent to households, incentive level $100
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Exhibit A.3: Invitation sent to households, incentive level $500
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Exhibit A.4: Consent form: key information, incentive level $0
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Exhibit A.5: Consent form: key information, incentive level $100
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Exhibit A.6: Consent form: key information, incentive level $500
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Exhibit A.7: Consent form and questionnaire
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Exhibit A.8: Reminder postcard, incentive level $0

Exhibit A.9: Reminder postcard, incentive level $100

Exhibit A.10: Reminder postcard, incentive level $500
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B Data sources and variable definitions

Our empirical analysis uses data collected from the serology study described in Section 2. We

link the study data to a set of (five digit) zipcode-level characteristics we collect from three

sources: the American Community Survey, the Chicago Health Atlas, and the City Health

Dashboard. We provide information on each source and the obtained variables below.

American Community Survey. We obtain neighborhood demographics from the 2019

American Community Survey 1-year estimates. We classify a zipcode as: (1) higher poverty if

the percentage of households below 1.5 times the poverty line is above 30% (and lower poverty

otherwise); and (2) majority minority if the share of adults identifying as non-Hispanic white

is below 50% (and majority White otherwise).

Chicago Health Atlas. We obtain zipcode-level health measures from the Chicago Health

Atlas, a portal developed by the Chicago Department of Public Health and Population Health

Analytics Metrics Evaluation Center at University of Illinois Chicago. More specifically, we

obtain the uninsurance rate and five diagnose-specific hospitalization rates. The uninsur-

ance rate is defined as the average percentage of residents without health insurance between

2016 and 2020. Diagnose-specific hospitalization rates are defined as the age-adjusted num-

ber of hospitalizations discharges for a given diagnose per 10,000 people in 2017, excluding

discharges to Veterans Administration hospitals. We obtain these hospitalization rates for

the following diagnoses: (1) alcohol-related; (2) drug-related (which include amphetamines,

cannabis, cocaine, drug induced mental disorders, hallucinogens, opioids, sedatives, hyp-

notics, anxiolytics, tranquilizers, barbiturates, and other drugs); (3) mood and depressive

disorders (which include bipolar and manic depressive disorders); (4) behavioral health (which

include substance use disorder and mental disorders); and (5) preventable (defined as condi-

tions that could be managed in a clinic setting).

City Health Dashboard. We obtain additional health and labor market measures from the

City Health Dashboard, a portal developed by NYU Langone Health. The dashboard provides

data at the census tract level, which we aggregate to the ZIP code level via population-

weighted averages using Census relationship files. The following measures are obtained from

this source: (1) annual unemployment rate, defined as the percentage of individuals at least

16 years that were unemployed and seeking work at any point in 2020; (2) credit insecurity

index, defined as the proportion of local residents who have limited access to credit, either

because they have no credit history or have negative credit outcomes; (3) COVID-19 local

risk index, which measures, on a scale between 1 and 10, the potential for COVID-19 infection

and risk for more severe COVID-19 outcomes and risks at the zipcode-level; and (4) Share

of smoking adults, defined as the percentage of adults aged 18 years or above reporting to

be current smokers in 2019.
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C Comparable COVID-19 serological surveys

Bobrovitz et al. (2021) perform a systematic review of serological studies with the goal of

identifying and subsequently synthesizing studies that tested for COVID-10 antibodies. We

use their metadata to identify studies that, like ours, invited a random sample of subjects from

a pre-specified geographic region in the United States to be tested for COVID-19 antibodies.

Our goal in doing so is to understand common practices of such serological surveys and

to contextualize our serological survey. In what follows, we first describe our process of

identifying such studies using metadata from Bobrovitz et al. (2021)’s systematic review. We

then discuss the data we collected for each study we identify. We conclude by presenting our

findings.

C.1 Identification of comparable serological studies

Bobrovitz et al. (2021) identify 968 serosurveys conducted between January 1, 2020 and

December 31, 2020 that, among other requirements, tested participants for COVID-19 an-

tibodies and reported a sample size, study date, location, and seroprevalence estimate (see

Figure 1 of Bobrovitz et al. (2021) for additional details). The metadata for these studies is

publicly-available.

We seek to identify studies which invited a random sample of subjects from a geographic

region in the United States to be tested for COVID-19 antibodies. We accomplish this goal

in two steps. First, we use variables constructed by Bobrovitz et al. (2021) to restrict to

studies that were (1) conducted in the United States, (2) used an appropriate sample frame,

and (3) used a probability sample.12 Nineteen studies satisfy these restrictions.

Second, we restrict to the subset of these studies that (1) were published in a scientific

journal, (2) defined the target population to be subjects in a geographic region (up to age

restrictions, such as excluding children), and (3) invited either the entire target population

or a random subsample of the target population. Thus, of the nineteen studies, we excluded

three studies that were not from scientific journals, two studies whose target population

were respectively prisoners and hospital and/or clinic patients, two studies that constructed

their invited samples using market research firms that maintain proprietary samples, and

three studies that constructed their invited samples using participants from other surveys.

The remaining nine studies satisfy our requirements, and constitute our analysis sample of

studies.

C.2 Measuring survey implementation and participation rates

For each study in our analysis sample, we use the metadata of Bobrovitz et al. (2021) to

collect (when possible) the outreach method, the number of invited subjects, the number of

12Bobrovitz et al. (2021) code a study as using an appropriate sample frame if the sample frame ‘described
and it approximated the target population’ (see item 1 of the metadata) and code a study as using a probability
sample if the study used a probability sampling method or the entire sample (see item 2 of the metadata). See the
supplementary materials of Bobrovitz et al. (2021) for additional details.
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participant subjects, and the offered incentive for participation. Outreach methods could be

mail, in-person, online, phone, or any combination of these. We take the number of invited

subjects to be the number of subjects who were initially invited to participate in the study,

and take the number of participant subjects to be the number of subjects who submitted

to be tested for COVID-19 following the study’s implementation. The unit for subjects is

defined based on the unit targeted by the initial serosurvey invitation. For example, if invites

were sent to households but the invitation allowed multiple individuals within a household

to participate, subjects correspond to households. When the study includes mail-only as

an outreach method and reports invited and participant numbers for mail-only, we use the

mail-only results. Two members of the research team independently performed these data

collection steps, and there were no conflicts.

C.3 Results of our systematic review

We obtained outreach methods and number of invited subjects and participants for all nine

studies. The average participation rate over the nine studies is 12.5% (median: 11.3%,

min: 0.4%, max: 23.6%). Four studies either exclusively used mail or reported mail-only

results, and the average participation rate for these is 9.0% (median: 8.3%, min: 3.1%, max:

16.5%). These participation rates are comparable to the participation rates we obtained

in our serosurvey without financial incentives (6.2%) and with $100 in financial incentives

(16.8%). The participation rate we obtain when offering $500 in financial incentives (29.1%)

is greater than the maximum participation rate of these studies.

Only three studies explicitly reported financial incentives (or lack thereof) for partici-

pation. The offered incentive (participation rate) for each of these three studies was: $10
(16.5%), $50-$100 (7.8%), and $60-$100 (11.3%). For the latter two studies, variations in the

amounts were non-random and were used to increase participation rates for certain groups.

Taken together, our results yield three conclusions. First, participation rates in serolog-

ical surveys that invite a random sub-sample of subjects from a geographic region in the

United States are typically low and consistent with the participation rates we obtained in

our study. Second, mail is a common form of outreach in serological surveys, with 44% of

studies employing this method. Third, financial incentives for participation are rarely ex-

plicitly mentioned. In the few studies that do explicitly mention financial incentives, the

amounts range from $10-100 and are either assigned uniformly or varied non-randomly.
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D Proof of sharpness

Equations (3) and (4) show that γ and η(z) are point identified for any value of η(z̄) such

that these expressions remain in the [0, 1] interval for each z. From (3), we see that γ ∈ [0, 1]

if and only if η(z̄) ∈ [0, 1 − ρ(z̄)]. When η(z̄) = 0, (4) reduces to (ρ(z̄) − ρ(z))/ρ(z̄), which

is between 0 and 1 as long as ρ(z) is an increasing function of z. On the other hand, when

η(z̄) = 1− ρ(z̄), (4) reduces to η(z) = 1− ρ(z), which is also between 0 and 1. We conclude

that if ρ(z) is increasing in z, then setting ρ(z̄) = α for any α ∈ [0, 1 − ρ(z̄)] implies that

γ and η(z) are point identified via (3) and (4). Taking the union of these points across all

α ∈ [0, 1− ρ(z̄)] produces the bounds given in (5).

It remains to be shown that the model can rationalize the data when η(z̄) is set to any

α ∈ [0, 1− ρ(z̄)], and ρ(z) is given, and weakly increasing. To show this, we take α as given

and construct a distribution of (Ci, Hi) that is independent of Zi and (i) reproduces the given

ρ(z) for each z, when responses are determined via (1), while (ii) satisfying η(z̄) = α. The

construction proceeds by reversing the logic of the identification argument. First, set the

marginal contact rate to be

γ ≡ P[Ci = 1] =
ρ(z̄)

1− α
.

Next, set the hesitancy rate at each z to be

η(z) =

(
ρ(z̄)− ρ(z)

ρ(z̄)

)
(1− α) + α.

Any increasing function defined on a subset of the real line and contained between 0 and 1

can be extended (perhaps non-uniquely) to a proper distribution function.13 As noted above,

both γ and η(z) are within 0 and 1, and η(z) is decreasing in z, because ρ(z) is increasing in

z. Extend 1−η(z) to a proper distribution function Φ. We use Φ to define a joint distribution

of (Ci, Hi) that is independent of Zi and given by

P[Ci = 1, Hi ≤ h] = γΦ(h)

and P[Ci = 0, Hi ≤ h] = (1− γ)Φ(h).

This joint distribution satisfies (i) and (ii) by construction. Q.E.D.

13The proof is trivial in the scalar case; see Lemma 2 of Torgovitsky (2019) for a generalization to the vector
case.
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E Additional results

Table E.1: Correlation between neighborhood characteristics

Majority Higher Uninsured Preventable Drug-related COVID local

Non-White ZIP poverty ZIP rate hospitalization rate hospitalization rate risk index

Majority Non-White ZIP 1.000 0.714 0.688 0.565 0.369 0.761

Higher poverty ZIP 0.714 1.000 0.518 0.649 0.550 0.826

Uninsured rate 0.688 0.518 1.000 0.327 0.112 0.550

Preventable hospitalization rate 0.565 0.649 0.327 1.000 0.872 0.763

Drug-related hospitalization rate 0.369 0.550 0.112 0.872 1.000 0.639

COVID local risk index 0.761 0.826 0.550 0.763 0.639 1.000

Notes: This table presents, for the invited sample, the degree of correlation between the household characteristics considered

in Section 6.
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Figure E.1: Effect of hesitancy on representativeness: additional characteristics

(a) Credit insecurity index (b) Share of smoking adults

(c) Alcohol related hospitalization rate (d) Behavioral health hospitalization rate

(e) Mood and depressive disorder hospitalization
rate

Notes: See notes for Figure 4
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