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compiling practices that can influence the methodological quality. We searched
MEDLINE, EMBASE, bioRxiv and medRxiv, and included cross-sectional studies
using molecular and/or serological tests to estimate the prevalence of Covid-19 in
the general population. Survey quality was assessed using the Joanna Briggs Insti-
tute Critical Appraisal Checklist for Prevalence Studies. A correspondence analysis
correlated methodological parameters of each study to identify patterns related to
higher, intermediate and lower risks of bias. The available data described 37 surveys
from 19 countries. The majority were from Europe and America, used antibody
testing, and reached highly heterogeneous sample sizes and prevalence estimates.

Minority communities were disproportionately affected by Covid-19. Important risk
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RT-PCR, reverse-transcriptase polymerase chain reaction; S, sensitivity; SARS, severe acute respiratory syndrome;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard deviation.
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1 | INTRODUCTION

FRANCESCHI ET AL

of bias was detected in four domains: sample size, data analysis with sufficient
coverage, measurements in standard way and response rate. The correspondence
analysis showed few consistent patterns for high risk of bias. Intermediate risk of
bias was related to American and European studies, municipal and regional initia-
tives, blood samples and prevalence >1%. Low risk of bias was related to Asian
studies, nationwide initiatives, reverse-transcriptase polymerase chain reaction
tests and prevalence <1%. We identified methodological standards applied world-
wide in Covid-19 prevalence surveys, which may assist researchers with the plan-

ning, execution and reporting of future population-based surveys.

KEYWORDS
Covid-19, cross-sectional studies, epidemiology, infectious diseases, prevalence, SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2

of the general population; (ii) if the measurements are standardized

In December 2019, the third most important coronavirus in the
twenty-first century (severe acute respiratory syndrome coronavirus
2 - SARS-CoV-2) was identified as the causative agent of SARS
outbreak in Wuhan, Hubei province, China.%? SARS-CoV-2 has
spread rapidly around the world leading the disease (Covid-19) to
acquire pandemic status on 11 March 2020.% As of 14 October 2020,
there are ~38 million confirmed cases and ~1.1 million reported
deaths in 216 countries, areas or territories. More than 50% of these
cases were reported in the United States, India and Brazil, the worst-
hit countries.*®

According to the current evidence, the main form of SARS-CoV-2
spreading is through human-to-human transmission via respiratory
droplets and contact routes.® The standard diagnostic testing method
is the reverse-transcriptase polymerase chain reaction (RT-PCR)

t,”® which is able to detect current infections, and it is recom-

tes
mended for people with Covid-19 symptoms and for all close con-
tacts of the confirmed cases. A complementary approach is to use
antibody tests (e.g., point-of-care test or enzyme-linked immuno-
sorbent assay) to detect a past infection and the production of an-
tibodies (IgM and/or IgG) against SARS-CoV-2.8

Covid-19 causes diverse degrees of illness, ranging from
asymptomatic infection to severe pneumonia.” However, surveillance
is only based on the confirmed cases, which can represent an un-
derestimation of total cases due to non-testing in mildly affected or
asymptomatic individuals. Population-based prevalence surveys can
help to establish the disease epidemiology, the burden of infection,
the role that asymptomatic and mild infections play in the trans-
mission, and to enable precise evidence-based decisions about con-
trol and reopen policies, while no pharmacological intervention is
available.’® Moreover, accurate estimates of the basic reproduction
number, of exposed and susceptible populations, and the fatality
rates can be obtained.'>*?

Statistical extrapolations will only be reliable for the population
if (i) the sample of individuals is sufficient, random and representative

and (iii) if the tests used have adequate sensitivity and specificity,
among other factors.'® For example, a recent systematic review and
meta-analysis evaluated the diagnostic accuracy of serological tests
in 40 studies. The conclusion indicated that the use of existing point-
of-care serological tests is not supported by available evidence due to
low performance.** Thus, a critical evaluation of these parameters is
necessary to verify the reliability of the population-based surveys of
Covid-19.

We performed a systematic review to evaluate and summarize
the main results regarding the Covid-19 prevalence obtained through
population-based surveys, their reliability and biases. Our main aims
were to evaluate the qualitative aspects of these studies and to
compile practices that can influence positively or negatively the

methodological quality.

2 | METHODS
2.1 | Registration and reporting

The protocol for this systematic review was registered on PROS-
PERO (ID: CRD42020202186). Reporting was conducted according
to Preferred Reporting Items for Systematic Reviews and Meta-An-
alyses (PRISMA) (Supplementary Checklist).

2.2 | Search strategy

Systematic literature searches for published and unpublished (pre-
print) articles were conducted from 15 July to 05 September 2020.
MEDLINE (accessed via PubMed), EMBASE, bioRxiv and medRxiv
databases were searched using the following controlled vocabulary
heading and terms: 'seroprevalence’, 'prevalence’, 'serology’, 'immu-
noassay’, ‘'enzyme linked immunosorbent assay’, 'real time polymer-

ase chain reaction’, 'cross-sectional study’, 'population screening’,


https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020202186
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'severe acute respiratory syndrome coronavirus 2’ and 'Covid-19'.
These terms and their synonyms were combined using logical oper-
ators and adapted according to the searched database. Only articles
published in English were retrieved. The complete search strategy for
each database is on Table S1.

2.3 | Inclusion and exclusion criteria

The review included cross-sectional or repeated cross-sectional
studies using molecular or serological tests to estimate the preva-
lence of Covid-19 in municipalities, regions, states or countries
around the world. Studies were excluded based on the following
criteria: (i) non-cross-sectional studies, (ii) studies with correlation
between Covid-19 and other diseases or health determinants,
(iii) non-random selection of participants (e.g., convenience sampling),
(iv) inclusion of a specific group of participants only (e.g., with
comorbidities, pregnant, elderly, healthcare workers, pediatric pa-

tients), and (v) non-human samples.

2.4 | Article screening and data extraction

Four pairs of authors (AMM and CLML, ABG and JGK, ASS and VBF,
and GDC and JCP) independently reviewed the titles and abstracts,
in parallel, and included publications identified by either author for
full-text review. These authors also reviewed full texts to determine
which publications met the inclusion criteria and then re-analysed
the texts and supplemental materials to extract the following rele-
vant information, when available: (i) authors, (ii) study location,
(iii) coverage, (iv) study type, (v) random sampling method, (vi) period
of testing, (vii) number of tests, (viii) biological samples, (ix) type of
test used, (x) if test validation was performed, (xi) the test sensitivity
and specificity, (xii) prevalence and (xiii) statistical methods (Table 1).
Disagreements in the screening and data extraction were discussed
among the reviewers and, if consensus cannot be reached, a third
reviewer (ATW) made the ultimate decision.

2.5 | Survey quality

We assessed each survey quality by using the Joanna Briggs Institute
(JBI) Critical Appraisal Checklist for Prevalence Studies.*® This tool
evaluates nine domains: (D1) sample frame adequacy, (D2) recruit-
ment method, (D3) sample size, (D4) study subjects and the setting,
(D5) coverage, (Dé) diagnostic methods, (D7) the reliability and
standardization of measurements, (D8) statistical analysis, and (D9)
the response rate. For each study, 'yes’, 'no’ and ’unclear’ options
were selected, meaning ‘low’, ‘high’ and ‘unclear’ risk of bias,
respectively. The number of 'yes’ answers to these nine domains was
counted, with a higher number of yes representing less risk of bias.
Graphs considering each risk of bias domain across all studies were

prepared using the robvis R package v. 0.3.0.900.°

2.6 | Definitions

Additional objective criteria were adopted for the survey quality
assessment. For D4, the prevalence estimates should be stratified by
conventional sex and age classes minimally. For D5, 'no’ was chosen
when there was a lack of a subgroup representativity. If the response
rate >70% or <70% with adequate sample size, 'yes’ was chosen. The
option ‘unclear’ was selected only if there was no information about
the response rate in the article. For D6, a method was considered
valid if the sensitivity >70%. For D7, self-sampling was considered as
a practice of high risk of bias. In the case of a collection described by
health professionals or trained individuals and using standardized
methods, we assumed a low risk of bias. For D8, a minimum
description of statistical methods was sufficient to classify the study
as low risk of bias. For D9, if the response rate <70% without
stratification or statistical management, the study was considered to
have a high risk of bias. Response rate >70% or appropriate man-
agement of low response rate was related to a low risk of bias, while
missing information about the proportion of tested in relation to the

recruited individuals was associated with unclear.

2.7 | Data analysis

A correspondence analysis was performed to visualize the relation-
ships among categories of the row and column variables in a low-
dimensional graphic. The row variables (respective categories) were
(i) study continent (Africa, Asia, Europe, North America and South
America); (ii) coverage (country, region and municipality); (iii) bio-
logical samples (BioS) (uninformed, blood only, both swab and blood,
serum/plasma, and swab only); (iv) test validation (external, unin-
formed, yes [internal] and RT-PCR [N/A (not applicable): gold-
standard]); (v) test sensitivity (S) (<80%, 80%-90%, 90%-100%,
unavailable and RT-PCR [N/A: gold-standard]). The column variables
(respective categories) were (vi) prevalence (<1%, 1%-3%, 3%-5%,
5%-20% and >20%) and (vii) risk of bias (low [<1 high risk], inter-
mediate [1 < high risk < 3], and high [>3 high risk]) (see Survey

Quality). Two studies®®3*

were split due to widely divergent preva-
lences reported in each part of the municipalities investigated.
Therefore, despite the 37 studies included, 39 records were consid-
ered in this analysis. The PROC CORRESP from SAS Studio (Release
3.8, Enterprise Edition) available on the SAS OnDemand for Aca-

demics platform was used to perform the correspondence analysis.

3 | RESULTS

Of 49 full-text articles screened, we excluded 12 (Table S2), and
identified 37 eligible for extensive review (Figure 1, Table 1). Of
these, 23 (62.2%) were preprint, while 14 (37.8%) were peer
reviewed and published. Fifteen articles (40.5%) were from Europe,
8 (21.6%) from North America, 8 (21.6%) from South America,
5 (13.5%) from Asia and 1 (2.7%) from Africa. The countries with the
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vast majority of population-based prevalence study initiatives were
the United States (n = 8; 21.6%), Brazil (n = 7; 18.9%) and the United
Kingdom (n = 3; 8.1%). Importantly, 15 of the 16 studies in the
Americas were conducted in the United States or Brazil, which are
included in the TOP three of confirmed cases and deaths worldwide.
In total, 19 countries had studies included in this analysis (Figure 2).
Considering the coverage of these studies, 16 (43.2%) had regional
(state/province/county) scope, 13 (35.1%) were restricted to munic-
ipalities and 8 (21.6%) were nationwide studies.

The vast majority of studies (n = 25; 67.6%) reported only
antibody testing, while the exclusive use of RT-PCR was presented in
5 (13.5%), and both tests were conducted in 7 (18.9%) studies. The
authors of 15 (46.9%) of the 32 studies that used serological tests
reported their own validation test performance, while in 13 (40.6%),
the validation performed by other studies or by the manufacturer
was described. Excluding Wuhan's (China) screening programme?’
that tested 9,899,828, at least 394,090 individuals were tested in the
other 36 studies that reported the number of tests. However, this
number was highly variable among studies (mean: 10,946.94, median:
1990, standard deviation (SD): 27,382.34). Considering the periods of
these surveys, most of them were conducted between April and July
2020 (Figure 3).

Most studies (n = 35; 94.6%) presented low risk of bias overall,
but only one had low risk of bias in all nine domains.3? Two studies
showed overall unclear risk of bias.3**? Apart from these, another
three studies had a sum of high and unclear risk of bias higher than
the low risk of bias'®2%27 (Figure S1). Considering the nine domains
established and three possible answers (low, unclear and high), on
average, 6.35, 1.43 and 1.19 of each option were chosen, respec-
tively. The median values were 6.0, 1.0 and 1.0, while the SDs were
1.44, 1.26 and 1.08. Considering the sum of the results with some risk
of bias (unclear and high), the mean, median and SD were 2.62, 3.0
and 1.46, respectively. Considering each domain in all studies, >75%
low risk of bias across the studies was observed in five domains. On
the other hand, three criteria (data analysis with sufficient coverage,
measurements in standard way, and response rate adequacy) were
adequate in <50% of the studies. The remaining domain (sample size)
was adequate in ~70% of the studies (Figure 4).

Considering the analysis of correspondence performed (Figures 5
and S2) among seven main variables (continent, coverage, biological
samples, test validation, sensitivity, prevalence and risk of bias), we
found some important correlations. European, North- and South-
American studies presented, in general, an intermediate risk of bias,
while Asian studies tended to a low risk of bias. Regarding the
coverage of the studies, regional and municipal studies presented an
association with intermediate risk of bias, while nationwide studies
were related to low risk of bias.

Studies that performed molecular tests on nasopharyngeal swabs
(NPS) tended to have a low risk of bias, while those with blood
samples were related to intermediate risk. Regarding prevalence, the
majority of the studies with swab samples (RT-PCR) showed preva-
lence (P) < 1%, while studies using only blood, or swab and blood,

exhibited P > 1%. Validation in serological tests had no significant

impact on the quality of studies, since both external and internal
validation were related to intermediate risk of bias. On the other
hand, the use of the gold standard (RT-PCR) was associated with low
risk of bias. P < 1% was more frequent in studies with low risk of bias,
while P > 1% was associated with intermediate risk of bias. Some
categories presented in Figure 5 have not been reported here after
manual examination due to their low frequency (e.g., Africa, BioS:
Uninformed, S: <80%).

4 | DISCUSSION

We observed that important limitations of the studies were the low
sample size and the low response rate (Figure 4). These factors in-
fluence heavily on reliable prevalence estimates.>® Moreover, the
recruitment by letter, by mail or online may play a significant role in
reducing the response rate and inadequately address the target
population.>#>°

For example, in the Icelandic study,27 the authors discussed the
small variation in the prevalence estimates between open invitation
and random selection recruitments. However, the random selection
methods were not detailed and the sample size to detect the esti-
mated prevalence was not adequate (<2529 individuals).>® In the
Slovenian study,3! despite being considered nationwide, the sample
size was 1366, which represented ~7x less than necessary
(10,179),°¢ and there was no management of the low response rate
(<50%). Some authors seem to have not been concerned with man-
aging this issue because even though the response rate was low,
there was still an adequate sample.?33>364042 Repeated cross-
sectional studies featured a widely distinct prevalence estimate on
each round.??244%30 This trend might be caused by the ascending
curve of infected people, following the epidemic's natural course.
Therefore, there was a need for different sample sizes for each
period. Unfortunately, some studies did not yield adequate sample
size in all rounds.*?>°
The same proportion of studies validated their methods inter-

16,21,23,24,30,32,34-39,45,50,52 or used sensi-

nally to report accuracy
tivity and specificity given by manufacturers or other external
studies.18-2022.36:40-42:44-51 \we 3150 noticed that it is quite unclear
if the field teams followed standardized protocols for the data
collection and testing. The absence of complete information resul-
ted in a loss of quality in the methodological analysis,*®> and we
speculate that one rationale would be the editing process of these
articles, which were published as letters or comments. In some
studies,?®?4%° the samples were collected by the participants
themselves, which causes an increase in the number of discarded
samples and can reduce the sensitivity, especially of RT-PCR, highly
influenced by a well done sample collection procedure.>’
However, the studies presented several strengths to highlight.
Valid methods consistently stated the identification of the condition
and the manufacturer indicated this accuracy. The majority of the
sampling methods was conducted appropriately regarding random-

ness, and the participants were well described and stratified, thus
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FIGURE 1 PRISMA flowchart of the literature search

mitigating possible selection bias.181924:26:28.30,33,37.39,43.44.46.48-51 p

strong trend was observed in relation to the sampling procedures
used in Brazil. All studies used a standardized household sampling

46-48,50-52 o healthcare units.*’

method based on census tracts

An interesting method of sample selection was the use of social
network ads targeting individuals by demographic and geographic
characteristics and stratification, which despite being convenient
inserts the biases of technology usage and the participation of people
most likely to be infected. However, in these cases, statistical man-
agement seems to have been adequate to accommodate the sampling
issues in the prevalence estimates.*®*® Biases were also introduced
when volunteers were recruited, but data analysis was conducted
properly in these cases.***® Nevertheless, these practices cover up
important methodological issues despite minimizing the biases of
studies and they should be avoided.

Covid-19 has an extensive spectrum of manifestation, including
asymptomatic infection, mild disease, severe pneumonia and death.??
Asymptomatic individuals may play an important role in viral trans-
mission.'® The prevalence of asymptomatic infection in the commu-

nity is still unclear, but essential to estimate the true Covid-19
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3 (n=37)

[}

=

prevalence. Generally, infection rates are calculated based on tests in
symptomatic patients, and it may cause serious underestimations in
prevalence.’®"12 This issue can be circumvented by surveying
randomly recruited populations.'!

In fact, the asymptomatic rate of infection is quite hard to esti-
mate. Nevertheless, we can consider some relevant observations. The
proportion of symptom-free patients with Covid-19 in most studies is
higher than SARS®® and Middle East respiratory syndrome (MERS)>?
coronavirus epidemics, which was reported to lay between 0% and
7.5%. However, in the case of Covid-19, these rates were widely
variable among PCR-positive and/or seropositive, ranging from
19.6%* to 69%.2° The burden of the disease among symptomatic

2829 and there was no

individuals was higher in older age groups,
statistical difference in the viral load of symptomatic versus asymp-
tomatic.2? On the other hand, RT-PCR- and antibody-negative par-

2327 raising the possibility of

ticipants also reported symptoms,
infection by other respiratory aetiological agents. However, the
comparability of asymptomatic rate estimates is hindered by
different approaches applied, since the period of symptoms screening

before the sampling ranged from 1 week?® to several months.2
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FIGURE 2 Map of countries and specific regions with prevalence surveys. Red dots represent regions and cities where the initiatives were
performed. In nationwide studies, the point was placed in the centre of the country
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FIGURE 3 Timeline of population-based Covid-19 prevalence surveys conducted worldwide, with the duration of each survey and an
overview of the most represented periods. Black dots on the left represent the date of the first confirmed case in the country of each survey

Some studies demonstrated a disproportionate seroprevalence

24,40,42-44,46,47,51

in black communities, multiracial, Hispanic, Indige-

nous, and Asian persons,24'34’3’3’39'44'46

17,24,43

as well as in public-facing
workers and slums population.’®*® These data show the dis-

parities that minority communities face to access healthcare systems,

arisen from a complex relationship of social, environmental, economic
and structural inequities.?®®? Therefore, a priori knowledge of these
trends in seroprevalence is essential for the sample design and for
the instruction of field teams regarding protective measures in these
surveys.
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Sample frame appropriate

Study participants sampled appropriately

Sample size adequate

Study subjects and setting described in detall

Data analysis with sufficient coverage

Valid methods for identification of condition
Condition measured in standard reliable way
Appropriate statistical analysis

Response rate adequate or managed appropriately

0%

25% 50% 75% 100%

. Low D Unclear . High . Not applicable

FIGURE 4 Risk of bias assessment summary table across all studies. *No weights were applied for different studies. tNot applicable was
selected in ‘sample size adequate’ because the study had zero prevalence (impossible to calculate the sample size required)
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In the study from Stockholm,* it was observed a significant
difference in seroprevalence between the two areas (4.1% in middle-
to high-income suburb and 30% in lower income suburb). The authors
related this high prevalence with cramped accommodation, which
enhances cluster transmission, and with a majority of public-facing
workers in the suburb. In Mumbai,'® the authors found a higher
seroprevalence in the slums (54.1%) compared with non-slums
(16.1%). Thus, it is discussed that the epidemic may be in advanced
stages in slums due to higher population density.

The data from Brazilian studies**~? suggest that Covid-19
pandemic was highly heterogeneous in the country, with rapid
growth in North and Northeast regions, and slow progression in the
South and Centre-West regions. These data demonstrate the impact
of differences in demographics, urban infrastructure and income on
the viral transmission and seroprevalence, emphasizing health
inequality.6%¢®

It is important to note that the data presented here are based on
the articles until 5 September 2020. Therefore, more recent articles

are not included in the analysis and a future investigation may

T T T T T T
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Dimension 1 (36.96%)

identify whether or not these patterns will continue to be observed.
In addition, previous preprint articles can be currently published. In
general, we believe that the peer review process should contribute to
increase the quality of these unpublished articles with a higher risk of
bias.

We have decided not to conduct a meta-analysis because of the
prevalence heterogeneity among studies and the different stages of
pandemic faced in the countries and continents at the time of each
survey. Thus, a summary measure of meta-analysis would not be able
to generalize overall findings sufficiently. In contrast, we found that a
correspondence analysis was more able to detect the correlation
among variables.

In this analysis, few consistent patterns were observed for
studies with a high risk of bias, indicating that particular methodo-
logical choices of each study may affect its quality, not choices that
are being made in many studies worldwide. The high number of
‘unclear’ reported (n = 53; 15.9%) may be related to the accelerated
speed of publication, the forgetfulness of these items in the writing

process of the manuscript or the lack of knowledge of checklists like
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the one used in this work.'® Therefore, we recommend the use of
standardized checklists for the planning, execution and reporting of
prevalence studies. Intermediate risk of bias was associated with
American and European studies, municipal and regional initiatives,
blood samples, P > 1%, and internal/external validation. Low risk of
bias was associated with Asian studies, nationwide initiatives, P < 1%,
NPS samples and RT-PCR tests. As correspondence analysis is a
descriptive statistical analysis, we carefully examined the patterns
observed and their frequency to detect only patterns that are
effectively consistent.

5 | CONCLUSION

To our knowledge, this is the first systematic review to summarize
Covid-19 prevalence surveys in the general population by correlating
practices that can influence positively or negatively the methodo-
logical quality. Although the number of studies included were rela-
tively low (n = 37) and the correspondence analysis presents some
outliers due to the low representativeness of some categories, our
findings allowed the identification of practices applied worldwide in
Covid-19 prevalence studies associated with the methodological
quality. These data may assist researchers in the planning, execution
and reporting of future population-based surveys with high meth-

odological quality.
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