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Recruitment into antibody prevalence R

studies: a randomized trial of postcards vs.
letters as invitations
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Abstract

Background In a potential epidemic of an emerging infection, representative population-based serologic studies
are required to determine the extent of immunity to the infectious agent, either from natural infection or vaccination.
Recruitment strategies need to optimize response rates.

Methods Within a seroepidemiologic study to determine the true burden of SARS-CoV?2 infection in two Bay Area
counties, we evaluated whether letter (L) or postcard (P) invitations with reminders were more effective at recruit-
ing participant households. Using geographic, probability-based sampling, 9,999 representative addresses, split
between Santa Clara and Solano counties, were randomized to receive an initial invitation (L or P); a randomized
reminder mailing sent two weeks later to all non-respondents created four mailing type groups (L/L, L/P, P/L, P/P).
Interested households provided contact information via survey to perform blood spot collection at home for testing
and then receive SARS-CoV?2 serology results. Comparison of demographics among respondents and non-respond-
ents used census tract data.

Results Receiving any reminder mailing increased household response rates from 4.2% to between 8-13% depend-
ing on mailing combination. Response rates from two letters were 71% higher than from two postcards (13.2% vs.
7.7%, OR=1.83[95% ClI: 1.5-2.2]). Respondents were older, more educated and more likely white than non-respond-
ents. Compared to Solano county, Santa Clara county had different demographics and increased household response
rates (L/L: 15.7% vs 10.7%; P/P: 9.2% vs. 6.1%; p < 0.0001); the effect of mailing types, however, was the same (L/L vs.
P/P: Santa Clara: OR=1.83 [95% Cl: 1.4-2.3]; Solano: OR=1.84 [95% Cl:1.4-2.5]).

Conclusion Letters, as both invitations and reminders, are a more effective recruitment tool than postcards
and should be considered when seeking a representative population-based sample for serological testing.
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naturally acquired or from vaccination—and to evaluate
the pace of infection and immunity acquisition [2, 3].

Representative samples of populations are best identi-
fied via physical mailing addresses; in the US, address-
based samples (ABSs) generated from the US Postal
Service Delivery Sequence File—which is a list of all
addresses to which mail is delivered by the USPS—
are based on nearly all US households (90-98%) [4].
Address-based recruitment strategies today are often
mixed-mode, where a mailed invitation precedes a sec-
ond web-based or telephone survey; initial invitations
have included letters, perceived as likely to contain
important information, and postcards, perceived as easily
accessible and less expensive than letters [5]. In contrast,
direct recruitment by social and other web-based media
tends to be biased as access to the internet remains
lower among Hispanic and African American house-
holds, among older adults, and among rural, low-income
and less educated households [6, 7]; additional sources
of non-representative samples from web-based media
include both the self-selection and the non-response rate
of potential participants, among others [8, 9].

Over the first two years of the COVID-19 pandemic,
the public was aware of and generally interested in
SARS-CoV2, and, given that testing kits were essen-
tially unavailable at that time [10, 11], enthusiasm for
at-home testing was high [12]. We implemented a series
of seroepidemiologic studies to determine the true bur-
den of SARS-CoV2 infection in two Bay Area counties
in California, and anticipated that response rates to an
unsolicited invitation to participate in serologic testing
for SARS-CoV2 would likely have a better response than
that typical for unsolicited mailings, purported to range
from 2.7% to 4.4% [13].

To recruit participants, we sent an invitation to a
population-based sample of households. The invitation
stated that up to three members of the household could
receive free serologic testing for SARS-CoV2 by collect-
ing a finger stick blood spot at their home, completing a
questionnaire and returning the blood spot card by mail;
the recipient accepted participation either online or by
telephone. With the goal of enhancing recruitment, we
assessed whether type of mailing—postcard or letter—
affected response rates. For our first serologic study, we
contacted a random selection of 10,000 households in
both Santa Clara and Solano counties and evaluated dif-
ferential response rates to postcards and letters.

Material and methods

CA-FACTS, the Californians Fighting Against Coronavi-
rus Together Study, was a collaboration between Stanford
University (Stanford, CA) and the public health depart-
ments of Santa Clara and Solano counties (San Jose and
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Vallejo, CA, respectively). It sought to determine the
prevalence across time of SARS-CoV2 antibodies in the
population using a highly sensitive and specific serologic
test developed at Stanford University. Recruitment mate-
rial for CA-FACTS was developed in four languages for
Santa Clara county (English, Spanish, Vietnamese, Man-
darin Chinese) and in two for Solano county (English,
Spanish) at Stanford University and then designed and
printed in both a postcard and a letter format (Gunder-
son Direct Inc.,, Hayward, CA) (Supplemental Infor-
mation). The postcard was by necessity quite brief but
appeared enthusiastic, describing the household as hav-
ing been “chosen;”; the letter was more detailed and
appeared official, describing the household as having
been “selected at random” (Supplemental Information:
Recruitment invitation). The overall cost of printing and
mailing was $0.15 for a postcard and $0.30 for a letter.

To test the recruitment material format, we obtained a
list of 10,000 representative addresses, half each in Santa
Clara and Solano counties, using geographic, probability-
based sampling (Marketing Systems Group, Horsham,
PA). To determine whether the response rate to a post-
card was the same as to a letter, addresses were rand-
omized to receive either the postcard or the letter in an
initial mailing (Fig. 1). A reminder mailing was then sent
to all non-respondents, approximately two weeks after
the initial mailing. To determine whether the response to
this second mailing was simply a reminder of the initial
invitation, or instead was associated with mailing type,
we again randomized the type of mailing sent. If the ini-
tial mailing had been a postcard, then, randomly, one half
of non-respondents received a postcard and one half a
letter; if the initial mailing had been a letter, then, ran-
domly, one half received a letter and one half received a
postcard. The reminder postcards and letters were identi-
cal to the initial postcards and letters.

Responses to the invitation once received in the mail
were made using a short web-based entry form (Gauss,
Menlo Park, CA) or by brief telephone survey via inter-
active voice response (Twilio.com) with all data collected
and managed using REDCap hosted at Stanford Univer-
sity [14].

Characteristics of the two counties were identified
from census data [15]. To identify potential demographic
differences both between respondents and non-respond-
ents and between respondents to different combinations
of mailings, we identified specific characteristics for each
census tract from the American Community Survey
1 year estimates from 2020, including the proportions of
the population that: was aged 65 years or greater, had a
college degree or more, identified as of Hispanic ethnic-
ity and identified either as Black/African American only,
Asian only or White only [16].
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L: letter, P: postcard

R: response, NR: no response L
5000
First mailing R (LO) NR
response rate 265 4735
5.3%

2368
50%
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P
4999
R (P0) NR
150 4849
3.0%
P L P

2367 i 2424 2425
50% ] 0% 50%

Second mailing : R (L/L)
response rate 82
(without mailing 1) 3.5%

NR
2329
R(PL) | : R (P/P)
94 47
3.9% i 1.9%

Combination mailing Lo, L/L Lo, L/P
response rate 347/2633 303/2632
13.2% 11.5%

PO, P/L PO, P/P
244/2574 197/2575
9.5% 7.7%

Fig. 1 Number and percent of individual households assigned to either letter or postcard invitations at each of the two mailings. Pink
indicates randomization to a letter (L) or a postcard (P); numbers of responses (R) and response rates are bright yellow for the first mailing, bright
blue for the second mailing and bright green for the combination of mailing types; numbers of non-respondents (NR) are in pale yellow for the first
mailing and pale blue for the second mailing. Denominators for the combination mailing rates include those who responded to the first mailing
in addition to those assigned to the category for the second mailing. (Note that in this figure the second mailing rate does not include the initial

responses.)

Comparisons of household response rates to both the
initial and the second mailings (mailing #1, mailing #2)
and times to response, overall and by county, were per-
formed using the Chi-square test or Wilcoxon signed-
rank test, as appropriate. Odds ratios (OR) and associated
95% confidence intervals (CI) compared combinations
of mailing types (responded to the initial postcard or to
the initial postcard with a reminder postcard (PO/PP);
responded to the initial postcard or to the initial postcard
with a reminder letter (PO/PL); responded to the initial
letter or to the initial letter with a reminder postcard (LO/
LP); and, responded to the initial letter or to the initial
letter with a reminder letter (LO/LL)). Logistic regres-
sion models were performed to compare census tract
characteristics of respondents and non-respondents, and
included the different mailing combinations of postcards

only (PO/PP) and letters only (LO/LL). Additional mod-
els among respondents only compared characteristics
of census tracts and of households (language spoken,
number of people tested by household) by mailing type.
P-values of <0.05 were considered significant. All analy-
ses were conducted in SAS V9.4 (SAS Inc., Cary NC).

Results

A total of 9,999 invitations to participate in CA-FACTS
were sent to addresses in Santa Clara and Solano counties
in the initial mailing in October, 2020 (Fig. 1, Table 1). Of
these, 4,999 (50%) were postcards and 5,000 were letters.
For this first mailing, a significantly higher household
response rate was seen for the letter invitation than for
the postcard invitation (Table 1). Similar results were
seen for the second mailing approximately two weeks
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later: a total of 9,584 reminder invitations were mailed,
consisting of 4,792 (50%) letters and 4,792 postcards.
Again, the household response rate for the reminder let-
ter was significantly higher than for the reminder post-
card. The median time from sending the invitation to
receiving a response, either as a first or a second mailing,
was not statistically significantly different between the
letter and the postcard.

Sending a reminder after an initial invitation increased
the response rate, with the combination of mailing, both
invitation and reminder, being a predictor of response
(<0.001). Households who received two letters were
1.83 times more likely to respond compared to those
who received two postcards (13.2% vs. 7.7%); those
who received an initial letter invitation with a postcard
reminder, or an initial postcard invitation with a letter
reminder were 1.6 and 1.3 times more likely to respond
than those who received two postcards (11.5 and 9.5% vs.
7.7%, respectively). Median time to response was not dif-
ferent among the different combinations of mailing types,
with a median of five days, although the range of time to
response was very wide.

The two counties have different population sizes
(1,885,508 for Santa Clara and 451,716 for Solano), with
statistically significant differences in education levels,
age distribution, ethnicity and racial composition (all
p<0.0001) (Supplemental Table S1). Santa Clara county
tended to have higher response rates then Solano county
(two postcards: 9.2% vs. 6.1%; two letters: 15.7% vs.
10.7%; p <0.0001); the effect on response by mailing type,
however, was similar between counties, with a response
from two letters 1.8 times more likely than from two
postcards for both Santa Clara and Solano counties (Sup-
plemental Table S2).

Comparison of respondent and non-respondent
households overall and by county using census tract
data showed that respondents came from census tracts
where residents were likely to be more educated (propor-
tion with a college degree or more), have older median
age (proportion aged 65 years or more), not identify as
Hispanic, and were either slightly less likely to be Asian
(Solano only) or Black (Supplemental Table S1). Multi-
variable modeling that maintained mailing combinations
PO/PP and LO/LL in all models identified few consistent
predictors of response by county other than mailing type
and increased education due to significant collinearity
of the other census characteristics (for example, census
tracts with a high proportion of White only respond-
ents had a lower proportion of Black only or Hispanic
residents, and more older residents). All models showed
that respondents were approximately twice as likely to
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have received letter invitations than postcard invitations.
Models among respondents only that examined predic-
tors of response to letters compared to response to post-
cards did not identify any consistent predictors either
overall or by county (data not shown).

Discussion

In this study, we evaluated the response rate to either
postcard or letter invitations and reminders to participate
in CA-FACTS, a population-based seroepidemiologic
study to determine the burden of SARS-CoV2 infection
in two Bay Area Counties in California. Our household
response rates with two mailings, an initial one fol-
lowed by a reminder two weeks later, was dependent on
mailing type combinations: households receiving both
a letter invitation and a letter reminder were 71% more
likely than those receiving both a postcard invitation
and reminder to enroll in the study — 13% vs. 8%—mak-
ing two letter invitations a more effective recruitment
tool than two postcards. This effect of mailing type on
response rate was the same for both Santa Clara and
Solano counties despite their very different population
characteristics and response rates, confirming that letters
were more appealing than postcards across the board.

Reminders are important: paper invitations with paper
reminders have been shown to improve response rates
over a single mailing [17]. Indeed, in this study, use of
any type of reminder mailing improved the household
response rate, which was already on the high end for a
typical “cold” mailing [13], from 4.2% to 10.5%. Exter-
nal events played a large part in overall interest in par-
ticipating in our study: during October 2020, Santa Clara
county moved into a lower COVID-19 risk category (the
“orange tier” within California’s risk framework), allow-
ing resumption of indoor dining and gatherings [18],
while Solano county remained in the higher red tier [19].
By the middle of November, however, the Delta variant
was surging and both counties were in the highest risk
category, the purple tier, which included severe restric-
tions on usual activities. COVID-19 was omnipresent in
the news, at-home testing kits were still on the horizon,
and vaccination was far off, so the incentive to partici-
pate—learning the serostatus of up to three people in the
household—was high.

Our finding updates two large studies: one of almost
14,000 households from 2005 showing that the comple-
tion rate of a telephone survey with advance letters was
greater than with advance postcards, and another of
17,808 households from 2022 showing that the comple-
tion rate of a web-based survey was greater with advance
letters with or without incentives than with postcards
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with or without incentives; additionally, both stud-
ies showed that letters were more cost-effective than
postcards [20, 21]. Although postcards are brief, read-
ily accessible without needing to open an envelope, and
usually have costs roughly half that of a letter (including
printing and mailing), letters appear more formal and
may be perceived to carry important or interesting infor-
mation to which people may be more likely to respond,
especially when the sender is clearly identified as a non-
commercial, well-respected entity, such as, in our study,
Solano and Santa Clara counties’ public health depart-
ments and Stanford University [5, 22]. Letters addition-
ally are thought to have greater long-term memory
effects than postcards, as the envelope must be opened,
the letter extracted and read, and then either stored or
discarded. Differential recall of receiving the invitation
possibly had a role in this study [5], given that all com-
binations of mailings that included at least one letter had
higher response rates than that with only postcards.

Despite the positive effect of letters, we wish to empha-
size that two postcards, one initial and one reminder, can
be used as an effective recruitment tool, as their use more
than doubled the response rate over an initial postcard
alone. It is important to note, however, that in some cases
postcards should not be used for recruitment, such as
when the invitation reveals an element of health status,
or when the sample is identified from a patient popula-
tion frame [23]. Clearly, the selection of effective recruit-
ment tools remains dependent on the research study
under consideration.

Limitations to our study include the biased respond-
ents despite our representative sample, as respondents
were more likely to be well educated, older and more
White than present in the counties’ populations over-
all. This response bias is well known especially for racial
groups [24, 25] — and subsequent mailings for our sero-
survey oversampled Hispanic and Black populations. The
increased level of concern about COVID19 in the elderly
and the more educated likely played a part as well, as has
been shown by the rapid and high vaccination uptake in
these groups [26]. Census tract demographics were not
able to identify differences between respondents and
non-respondents other than a higher proportion of col-
lege educated residents or White only residents; we did
not identify any census-tract or household level demo-
graphic characteristics among respondents that linked to
mailing type.

In summary, letter invitations with letter reminders are
considerably more effective than postcards in recruiting
population-based samples and should be used as essen-
tial seroepidemiologic studies are implemented to under-
stand population immunity against epidemic agents and
to prevent or decrease infection.
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