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Introduction

As COVID-19 continue to spread around the world,
local and national leaders must closely track three met-
rics: the total number of active cases, the total number of
recovered cases, and the total number of deaths due to
COVID-19. These metrics can be used to understand the
current risk of infection or mortality and the level of
population immunity, and are critical to informing re-
source allocation and public policy. While many coun-
tries have infrastructure in place to record deaths, stan-
dard COVID-19 testing procedures that have been used
since the beginning of the pandemic cannot reliably
capture the total number of active or recovered cases.
Since those who exhibit symptoms are more likely to get
tested than asymptomatic individuals, confirmed cases
are a skewed underestimate of the number of active
cases. Furthermore, because standard polymerase chain
reaction (PCR) tests for COVID-19 do not detect the
presence of antibodies, they cannot detect prior
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infection. Changes in the availability of COVID-19
testing also affect the number of confirmed cases, which
in turn affect the estimated case fatality ratio (CFR); the
worldwide CFR of COVID-19 has varied from nearly
10% at the start of April to approximately 2.5% by
August (Fig. 1). Without an accurate estimate of the
total number of cases in the population, the mortality
risk of COVID-19 cannot be accurately measured.

Population-based surveys that test a representative
sample of participants using both PCR and antibody
tests can be used to estimate both the total number of
active cases and recovered cases. The World Health
Organization (WHO) recently released a protocol [1]
for conducting large-scale serosurveys of COVID-19
for measuring cumulative population immunity and es-
timating the fraction of asymptomatic, pre-symptomatic
or subclinical infections in the population.

In this Editorial, we discuss the contribution of
Merkely et al.’s survey of COVID-19 infection rate
and prevalence in Hungary [2] in the context of other
nationally representative studies of COVID-19, and the
key elements of study design that could maximize the
value of large-scale COVID-19 surveys for decision-
making.

Leveraging institutional collaboration

for COVID-19 surveys

Since the outbreak, several countries including the Unit-
ed States (US), Spain, Iceland, Germany, Norway, and

India have started or completed national surveys that
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estimate the number of active cases and/or the number
of people with antibodies [3]. Merkely et al. report the
findings of one such survey conducted in Hungary
between May 1 and May 16, 2020, following a 50-day
national containment period. Of the over 8 million res-
idents aged 14 or older living in private households,
10,474 participants, randomly selected through a popu-
lation registry, were tested using PCR and antibody
testing. Sampling was stratified by region, and partici-
pants were contacted by phone, email, mail, or in-person
visit. Of the tested individuals, three had a positive PCR
result and 69 had a positive serological result. They
concluded that there was a low burden of COVID-19
in Hungary, estimating 2421 active cases of COVID-19
(active infection rate 2.9/10,000) and 56,439 recovered
cases (prevalence 68/10,000) [2].

This study is an important contribution to the growing
literature on nationally representative surveys of COVID-
19 burden. In particular, it is worth highlighting the use of
random sampling [4], stratified by region to allow for
representative estimates with equal precision across re-
gions. The resources and effort required to conduct a
nationally representative survey without relying on sam-
pling infrastructure from existing surveys are substantial.
The authors should be commended for coordinating a
collaboration between four medical universities, the

@ Springer

Hungarian Central Statistical Office, and local municipal-
ities, governmental offices, and ambulance services. Since
the survey was conducted following 50 days of mandated
quarantine, the results can be used to inform Hungary’s
approach in relaxing lockdown measures. In future itera-
tions of this survey, the sampling frame could be expand-
ed to individuals not living in private households to in-
crease representativeness, and results could be reported by
socioeconomic group to better understand disparities in
health outcomes. The sensitivity and specificity of the
tests used should also be reported, especially in a country
like Hungary where low prevalence of COVID-19 can
lead to low positive and negative predictive values with-
out sufficient sensitivity and specificity.

Designing large-scale surveys of COVID-19

As countries prepare to re-open while others prepare for a
wave of cases, representative studies that estimate the
number of active and recovered cases will continue to play
an important role in governmental decision-making. We
highlight three elements that are essential in designing
informative COVID-19 studies: (1) randomly sampling
from an adequate sampling frame; (2) reporting estimates
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for key demographic subgroups; and (3) conducting re-
peated measurements across time.

Random sampling and sampling frame

Short of a census, random sampling is the only way to
ensure that survey results are representative of the entire
population [4]. Since most countries currently prioritize
testing of symptomatic individuals, confirmed case counts
do not adequately capture asymptomatic or subclinical
infections. Disparities in access to testing are another rea-
son why confirmed case counts are not representative of all
positive cases [5]. While implementing random sampling
at a national level is certainly resource-intensive, many
countries can leverage existing infrastructure from previ-
ously conducted surveys. Subramanian and James have
proposed using the state-of-the-art sampling framework
established by the Demographic and Health Surveys
(DHS) in the 90+ low- and middle-income countries
(LMICs) where DHS have been regularly conducted for
decades [4]. Similarly, in a pre-peer-reviewed study,
Stringhini et al. report on the results of a serosurvey
conducted on 1335 individuals in Geneva, Switzerland
[6]. Using existing sampling infrastructure from previous
representative surveys, they repeated serotesting weekly
for 8 weeks, allowing for continuous tracking of the
changing infection rate and prevalence across time.

Equally as important as random sampling is defining
an adequate sampling frame. Most countries that at-
tempt nationally representative surveys of COVID-19,
including Merkely et al.’s study, exclude institutional-
ized residents from their sampling. While institutional-
ized groups may present logistical barriers to data col-
lection, omitting this segment of the population can have
especially serious consequences during the COVID-19
pandemic. Residents in prisons and nursing homes are at
higher risk for infection and death, and these institutions
have been the epicenters of regional outbreaks in the US
[7-9]. Furthermore, public awareness of the vulnerabil-
ity of institutionalized groups to health issues has tradi-
tionally been low, so including such groups in COVID-
19 surveys can be important in raising awareness and
improving conditions.

Considering demographic and socioeconomic
heterogeneity

In addition to random sampling across a broad sampling
frame, infection rate and prevalence estimates must be

reported for key demographic subgroups, such as by gen-
der, race/ethnicity, and socioeconomic status. Subgroup
estimates are essential for quantifying disparities in health
outcomes that may be due to biological, social, or political
reasons. In the absence of random sampling stratified by
demographic variables, estimates for demographic sub-
groups can be calculated by weighting or other post hoc
statistical methods. However, analytic adjustment cannot
overcome inadequate power arising from insufficient sam-
ples in a specific demographic group [10]. Most national
surveys on COVID-19 prevalence that employ random
sampling stratify by region or geopolitical unit, likely due
to logistical convenience. In contrast, a COVID-19 survey
in Luxembourg used stratified random sampling by gender
and race, but this procedure was likely facilitated by a web
application used to group eligible participants by several
demographic variables [11].

Need to prepare for repeated measurements

If the goal of representative serosurveys is to paint a
realistic picture of the burden of COVID-19, repeated
measurements are essential. The highly infectious nature
of COVID-19 means that the number of cases can increase
dramatically in a matter of days, as exemplified in the US,
where over one million new cases were reported in just
2 weeks [12]. Repeated testing should be a fundamental
element in the design of any large-scale serosurvey. Many
countries have successfully implemented repeated testing
of representative samples. In Spain, a nationally represen-
tative survey was conducted in three waves, each lasting
2 weeks with a 1-week gap in between [13]. Each partic-
ipant was tested three times with subsequent samples
collected 2—4 weeks after. In Luxembourg, participants
will be tested every 2 weeks for the first 5 months, with
a final follow-up 1 year after the first test date [11]. In
Geneva, participants were tested weekly for 8 weeks [6].
Repeating large-scale testing for COVID-19 can be re-
source-intensive, especially if both PCR and antibody tests
are used. Indeed, leveraging an existing sampling frame as
discussed before can be extremely useful in this regard.
Repeating surveys using either PCR or antibody tests
can be a cheaper alternative to only conducting the survey
once, but deciding which test to repeat requires considering
the relative costs and practical value of each. PCR tests
may be more expensive to administer because they require
specialized machinery and trained operators [14]. On the
other hand, repeating a PCR test survey allows for moni-
toring of active cases, which is more important from a
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resource allocation perspective than monitoring recovered
cases. Repeating antibody testing allows for tracking of the
number of total cases over time and can be used to estimate
the infection fatality rate of the virus. However, the accu-
racy of antibody tests can be variable, and it is still unclear
for how long COVID-19 antibodies persist after infection
[14, 15].

Concluding remarks

In summary, Merkely et al. make a substantial contribu-
tion not only to the literature on large-scale studies of
COVID-19 prevalence, but also to the Hungarian gov-
ernment’s toolkit in measuring and managing COVID-
19. We suggest that future studies of COVID-19 in
Hungary and elsewhere consider employing random
sampling from an inclusive and existing sampling frame,
plan surveys that allow robust estimates for demographic
and socioeconomic subgroups, and repeat testing to allow
for temporal analysis of infection trends. Researchers and
policy makers can refer to a website (https:/serotracker.
com/Data) compiled by Bobrovitz et al. [3] that tracks
large-scale COVID-19 serosurveillance projects and
summarizes study duration, sampling frame, sampling
approach, test details, and risk of bias. As large-scale
surveys become more widely used to inform government
responses to COVID-19, it is critical that the scientific
community align on key principles of study design to best
enable precision policy.
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