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Abstract 

Background:  Covid-19 has been one of the major concerns around the world in the last 2 years. One of the chal-
lenges of this disease has been to determine its prevalence. Conflicting results of the serology test in Covid explored 
the need for an updated meta-analysis on this issue. Thus, this systematic review aimed to estimate the prevalence of 
global SARS-CoV-2 serology in different populations and geographical areas.

Methods:  To identify studies evaluating the seroprevalence of SARS-CoV-2, a comprehensive literature search was 
performed from international databases, including Medline (PubMed), Web of Sciences, Scopus, EMBASE, and CINHAL.

Results:  In this meta-analysis, the results showed that SARS-CoV-2 seroprevalence is between 3 and 15% worldwide. 
In Eastern Mediterranean, the pooled estimate of seroprevalence SARS-CoV-2 was 15% (CI 95% 5–29%), and in Africa, 
the pooled estimate was 6% (CI 95% 1–13%). In America, the pooled estimate was 8% (CI 95% 6–11%), and in Europe, 
the pooled estimate was 5% (CI 95% 4–6%). Also the last region, Western Pacific, the pooled estimate was 3% (CI 95% 
2–4%). Besides, we analyzed three of these areas separately. This analysis estimated the prevalence in subgroups such 
as study population, diagnostic methods, sampling methods, time, perspective, and type of the study.

Conclusion:  The present meta-analysis showed that the seroprevalence of SARS-CoV-2 has been between 3 and 15% 
worldwide. Even considering the low estimate of this rate and the increasing vaccination in the world, many people 
are still susceptible to SARS-CoV-2.

Keywords:  Covid-19, SARS-CoV-2, Global seroprevalence, Serum antibodies (IgG and/or IgM), Systematic review, 
Meta-analysis
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Background
Scientists first reported infection due to severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) in 
Wuhan, China, in December 2019 [1], and due to its 
contagious nature, it rapidly spread throughout China 
and the world as the WHO declared a pandemic on 
March 11, 2020 [2, 3]. According to the World Health 

Organization (WHO), more than 220 million cases have 
been identified worldwide; more than 5 million have 
died [4]. The presented statistics show only a part of the 
total cases because the clinical manifestations of patients 
with SARS-CoV-2 vary from acute diseases with severe 
pneumonia, acute respiratory distress syndrome, or mul-
tiple organ failure up to asymptomatic infection. Asymp-
tomatic carriers are essential sources of the infection 
spread during the incubation period and interfere with 
the prevention and control of the disease. So, this group 
of people is an important challenge in the current man-
agement of the pandemic [5–7].
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The ideal method for detecting Covid-19 is a real-
time reverse transcription-polymerase chain reaction 
(RT-PCR). Still, the disease may not be detectable for 
various reasons, including low viral concentrations 
in the upper respiratory tract, non-standard sam-
pling methods, and reduced viral load one week after 
the onset of symptoms. False-negative results may be 
reported [3, 8]. However, because SARS-COV-2 infec-
tion can induce innate and acquired immunity, result-
ing in widespread inflammatory responses in the 
disease [9], and neutralizing antibodies (Nabs) made 
against spike glycoprotein or SARS-CoV-2 nucle-
ocapsid protein are often lead to a long-term immune 
response in viral infections which in most patients 
with different titers can be detected within 14 to 
21  days after the onset of symptoms and at least for 
several months thereafter [8, 10], the method of sero-
logical testing replaces and complements molecular 
testing by detecting virus-specific antibodies in blood 
samples such as IgM and IgG and through commer-
cially available tests including lateral flow immunoas-
says (LFIAs), enzyme-linked immunoassays (ELISAs), 
fluorescence immunoassays (FIA), chemiluminescence 
assays (CLIAs), electro-chemiluminescent immuno-
assay (ECLIA), and pseudovirus neutralization assays 
(PsVN assay or VN), and it is used to estimate the 
serum prevalence in the population and thus the total 
number of previous infections to diagnose asympto-
matic cases, post-clinical convalescence, post-vaccine 
responses and as a diagnostic aid method in false-neg-
ative cases reported by PCR [11–13].

To date, epidemiologists from many countries con-
ducted seroprevalence studies on different popula-
tions. The results are significantly different between 
studies, and in many cases, the actual number of 
patients is higher than the recorded cases. Therefore, 
they cannot be the exact measure of serum preva-
lence in the general population and the true extent 
of pandemic dynamics. As a result, differences in the 
presented statistics can lead to inappropriate policies 
and harm to public health [7, 8, 10]. Because Covid-
19 has become a global threat and its spread depends 
on social interactions, population density, education, 
health promotion, and other related factors, determin-
ing the prevalence of infection and collective immu-
nity against SARS-CoV-2 and the use of these data are 
necessary for making decisions about control meas-
ures, management, and assessment of epidemic risks. 
Therefore, in this meta-analysis, we aimed to estimate 
the prevalence of global SARS-CoV-2 serology in dif-
ferent populations and geographical areas and investi-
gate the factors affecting it.

Methods
This systematic review and meta-analysis were based 
on PRISMA guidelines which are specific to the sys-
tematic review and meta-analysis of observational stud-
ies [14, 15].

Search strategy
All original articles published from December 2019 
to December 2021 were searched without language 
restrictions in international databases, including Med-
line (PubMed), Web of Sciences, Scopus, EMBASE, 
and CINHAL. The search strategy in this study was 
performed using the main study keywords, includ-
ing serologic tests (with synonyms of serologic, serol-
ogy, serology studies) SARS-CoV-2 (with synonyms of 
Covid-19).

Gray Literature was then searched to access unpub-
lished articles and dissertations or international 
reports. In addition, after the final selection of articles, 
a manual search was performed by reviewing the ref-
erences of related articles. Also, medrxiv and bioRxiv 
websites were used for findings preprint studies related 
to seroprevalence of SARS-CoV-2 from inception to 
December 2021.

Study selection and eligibility criteria
The search strategy in international databases was inde-
pendently performed by the two researchers (MA and 
AM), and the disputes were resolved by the third per-
son (YM).

Inclusion criteria
In this meta-analysis, studies were considered whose 
main purpose was to determine the prevalence of posi-
tive serological tests in different communities; that is, 
after performing tests at different times in other com-
munities, the prevalence of the number of positive tests 
was examined. Therefore, cohort and cross-sectional 
studies were included in this meta-analysis. The statis-
tical population studied in these initial articles were all 
individuals, whether with a specific disease or healthy. 
There were no particular restrictions on the method 
of serological diagnosis of Covid-19 in this study for 
inclusion of studies, and various serological tests such 
as ELISA, LFIA, VN, CLIA, and ECLIA were included 
in the research. The definition of Covid-19 disease 
in this study was based on its international definition 
affected by the transmission of the SARS-CoV-2 virus.
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Exclusion criteria
Other studies, including case reports or case series, 
systematic reviews, and meta-analyses, as well as letters 
or editorials, were excluded from this study.

Data extraction
To extract information, first, a checklist including ques-
tions on the first author’s name, date of publication, 
country, WHO region, type of sampling (random or 
non-random), duration of the study, type of the sero-
logical test, race, and ethnicity, age, gender (male, 
and female), number of positive tests and number 
of performed tests was designed. Then, information 
extraction based on the checklist was independently 

performed by the two authors (AM and MA), and dis-
putes, if any, were resolved by the third person (YM).

Quality assessment
In this study, to evaluate the quality of included arti-
cles, the Joanna Briggs Institute (JBI) critical appraisal 
checklist was used for observational studies. JBI critical 
appraisal tools have been developed by the JBI and col-
laborators and approved by the JBI Scientific Commit-
tee following extensive peer review.

Statistical analysis
According to the extracted information, the Metaprop 
command was used to calculate the pooled prevalence, 

Fig. 1  PRISMA 2020 flow diagram for new systematic reviews, which included searches of databases and registers only
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Table 2  Results of quality assessment based on JBI checklist

Inclusion 
criteria

Detailed 
description of 
the population

Exposure 
(validity and 
reliability)

Condition Identification 
of confounding 
factors

Deal with 
confounding 
factors

Outcome Statistical 
analysis

Herzog et al. Yes Yes Yes Yes Unclear Unclear Yes Yes

Filho et al. Yes Yes Yes Yes Yes Yes Yes Yes

Silveira et al. Yes Yes Yes Yes Yes Yes Yes Yes

Torres et al. Yes Yes Yes Yes Yes Yes Yes Yes

Chang et al. Yes Yes Yes Yes Yes Yes Yes Yes

To et al. Yes Yes Yes Yes Yes Yes Yes Yes

Liang et al. Yes Yes Yes Yes Yes Unclear Yes Unclear

Jerković et al. Yes Yes Yes Yes Yes Yes Yes Yes

Erikstrup et al. Yes Yes Yes Yes Yes Yes Yes Yes

Petersen et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Ward et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Gallian et al. Yes Yes Yes Yes Yes Unclear Yes Unclear

Grzelak et al. Yes Yes Yes Yes Yes Yes Yes Yes

Fischer et al. Yes No Yes Yes Yes Unclear Yes Unclear

Weis et al. Yes Yes Yes Yes Yes Yes Yes Yes

Bogogiannidou 
et al.

No Yes Yes Yes Yes Unclear Yes Yes

Merkely et al. Yes Yes Yes Yes Yes Yes Unclear Yes

Shakiba et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Percivalle et al. Yes Yes Yes Yes Unclear Unclear Yes No

Valenti et al. Yes Yes Yes Yes Yes Yes Yes Yes

Fiore et al. Yes No Yes Yes Yes Unclear Yes Yes

Doi et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Takita et al. Yes Yes Yes Yes Yes Yes No Yes

Takita et al. Yes Yes Yes Unclear Yes Yes Yes Unclear

Uyoga et al. Yes Yes Yes Yes Yes Yes Unclear Unclear

Song et al. Yes Yes Yes Yes Yes Yes Yes Yes

Kammon et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Snoeck et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Sam et al. Yes No Yes Yes Yes Unclear Yes Unclear

Pollán et al. Yes Yes Yes Yes Unclear Unclear Yes Yes

Lundkvist et al. Yes Yes Yes Yes Yes Unclear Yes Unclear

Stringhini et al. Yes Yes Yes Yes Yes Yes Yes Yes

Bendavid et al. Yes Yes Yes Yes Yes Yes Yes Yes

Biggs et al. Yes Yes Yes Yes Yes Unclear Yes Unclear

Bryan et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Dietrich et al. Yes Yes Yes Yes Yes Yes Unclear Yes

Feehan et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Havers et al. Yes Yes Yes Yes Yes Yes Yes Unclear

McLaughlin et al. Yes Yes Yes Yes Yes Unclear Unclear No

Menachemi et al. Yes Yes Yes Yes Yes Unclear Yes Unclear

Ng et al. Yes No Yes Yes Yes Unclear Yes Yes

Rosenberg et al. Yes Yes Yes Yes Yes Yes Yes Yes

Sood et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Akinbami et al. Yes Yes Yes Yes Yes Yes Yes Yes

Berardis et al. Yes Yes Yes Yes Yes Yes Unclear No

Borges et al. Yes Yes Yes Yes Yes Yes Yes Yes
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Table 2  (continued)

Inclusion 
criteria

Detailed 
description of 
the population

Exposure 
(validity and 
reliability)

Condition Identification 
of confounding 
factors

Deal with 
confounding 
factors

Outcome Statistical 
analysis

Caban-Martinez 
et al.

Yes Yes Yes Yes Yes Yes No Yes

Clarke et al. Yes Yes Yes Yes Yes Yes Yes Yes

De Carlo et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Dingens et al. Yes Yes Yes Yes Yes Yes Yes Yes

Flannery et al. Yes Yes Yes Yes Unclear Unclear Yes Yes

Halatoko et al. Yes Yes Yes Yes Yes Yes Yes Yes

Hunter et al. Yes Yes Yes Yes Yes Yes Yes Yes

Khan et al. Yes Yes Yes Yes Yes Yes Yes Yes

Kobashi et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Lastrucci et al. Yes Yes Yes Yes Yes Yes Yes Yes

Mahajan et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Mansour et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Mattern et al. Yes Yes Yes Yes Yes Unclear No Yes

McDade et al. Yes Yes Yes Yes Yes Yes Unclear Yes

Naranbhai et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Oliveira et al. Yes Yes Yes Yes Unclear Unclear Yes Yes

Psichogiou et al. Yes Yes Yes Yes Yes Yes Yes Yes

Racine-Brzostek 
et al.

Yes Yes Yes Yes Yes Yes Yes No

Shields et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Sood et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Tang et al. Yes Yes Yes Yes Yes Yes Yes Yes

Younas et al. Yes No Yes Yes Yes Yes Unclear Yes

Anna et al. Unclear Yes Yes Yes Yes Unclear Yes Yes

Banjar et al. Yes Yes Yes Yes Unclear Unclear Yes Yes

Coatsworth et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Ebinger et al. Yes Yes Yes Yes Yes Yes Yes Yes

Kantele et al. Yes Yes Yes Yes Yes Yes Yes Yes

Ladoire et al. Yes Yes Yes Yes Yes Yes Yes Yes

Laursen et al. Yes Yes Yes Yes Yes Yes Yes Unclear

Lombardi et al. Yes Yes Yes Yes Yes Unclear Yes Yes

Moncunill et al. Yes Yes Yes Yes Yes Yes No Yes

Pan et al. Yes Yes Yes Yes Yes Unclear Yes Unclear

Pereckait et al. Yes Yes Yes Yes Unclear Unclear Yes Unclear

McQuade et al. Yes Yes Yes Yes Yes Yes No Yes

Venugopal et al. Yes Yes Yes Yes Yes Yes Yes Yes

Malagón- Rojas 
et al.

Yes Yes Yes Yes Yes Unclear Yes Yes

Poustchi et al. Yes Yes Unclear Yes Yes Yes Yes Yes

Poulikakos et al. Yes Yes Yes Yes No Yes No Unclear

Amendola et al. Yes Yes Yes Yes Yes Yes Yes Yes

Brandstetter 
et al.

Yes Yes Yes Yes Yes Unclear Yes Unclear

Chibwana et al. Yes Yes Yes Yes Yes Yes Yes Yes
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and the results were analysed [16]. Cochrane Q and I2 
tests were used to investigate the heterogeneity and 
variance between the studies selected for meta-anal-
ysis [17–20]. Funnel Plot and Egger test were used to 
evaluate the publication bias [19, 20]. Also, the meta-
regression analysis and diagram were used to examine 
the association between important variables with the 
estimated pooled prevalence. Statistical analysis was 
performed using STATA 16.0.

Results
As a result of searching the electronic databases, 3413 
studies were obtained, and after removing duplicates, 
2507 studies remained. After eliminating studies con-
ducted before 2019, 1926 titles remained for review. In 
the last stage, after reviewing titles, abstracts, and full 
texts and considering the inclusion and exclusion cri-
teria, 88 studies were selected for inclusion in the study 
(Fig. 1).

All 88 studies entered at different time intervals 
examined the prevalence of positive tests in various 
communities (Table  1). In total, 414,773 serological 
tests were performed in all studies. Studies have been 
reviewed in different countries and were also divided 
according to WHO classifications. In total, studies 
have been conducted in 34 countries, with 26 in the 
United States, 7 in Italy, 5 in France, 4 in each country 
of Japan, the United Kingdom, Brazil, and China, 3 in 
each country of Spain, Germany, and Denmark, and 2 
in each country of Belgium, Iran, Greece, and Sweden, 
and 1 in each one of the other countries. According to 

the WHO classification, there were four studies in the 
Eastern Mediterranean, 4 in Africa, 31 in America, 35 
in Europe, and 12 in Western Pacific.

The quality assessment checklist of the observational 
studies showed that most of these studies had a good 
quality. Except for a few of the studies had unknown 
parts in the checklist (Table 2).

Seropositive in Eastern Mediterranean population
Four studies with a total sample size of 5298 cases deter-
mined the prevalence of SARS-CoV-2 in this area. The 
lowest correlation belonged to the study of Banjar et al. 
with a prevalence of 1% (95% CI 1 to 2%), and the high-
est prevalence belonged to the study of Younas et al. with 
a prevalence of 34% (95% CI 29 to 39%). After combin-
ing the results of these studies, the pooled estimate was 
equal to 15%, with a 95% confidence interval of 5 to 29% 
(Figs. 2 and 7). The highest value was in Pakistan with a 
prevalence of 24% (95% CI 19 to 39%), and the lowest was 
in Saudi Arabia with a prevalence of 1% (95% CI 1 to 2%) 
(Table 3).

Seropositive in Africa population
Four studies were performed to determine the prevalence 
of SARS-CoV-2 positive serological tests in this area. The 
lowest correlation belonged to the study of Halatoko et al. 
with a prevalence of 1% (95% CI 0 to 2%), and the highest 
prevalence belonged to the study of Chibwana et al. with 
a prevalence of 17% (95% CI 14 to 20%). After combin-
ing the results of these studies, the pooled estimate was 
equal to 6%, with a 95% confidence interval of 1 to 13% 

Fig. 2  The pooled prevalence of SARS-CoV-2 seropositive in Eastern Mediterranean population
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(Figs. 3 and 7). Also, among the countries in this region, 
the highest value was related to Malawi with a prevalence 
of 17% (95% CI 14 to 20%) and the lowest to Togo with a 
prevalence of 1% (95% CI 0 to 2%) (Table 3).

Seropositive in America population
Thirty-one studies determined the prevalence of SARS-
CoV-2 positive serological tests in this area, with the low-
est correlation belonging to the study of Ng et al. with a 
prevalence of 0% (95% CI 0 to 1%) and also the study of 
Silveira et al. with a prevalence of 0% (95% CI 0 to 1%). 
The highest prevalence belonged to the study of Racine-
Brzostek et  al., with a prevalence of 35% (95% CI 33 to 
37%). After combining the results of these studies, the 
pooled estimate was equal to 8%, with a 95% confidence 
interval of 6 to 10% (Figs. 4 and 7). According to the anal-
ysis, among the countries in this region, the highest value 
was related to Colombia with a prevalence of 29% (95% 
CI 23 to 31%) and the lowest to Brazil with a prevalence 
of 7% (95% CI 2 to 12). %) (Table 3).

In the subgroup analysis related to this area, the prev-
alence was also examined based on the population type 
(healthy and unhealthy), the diagnostic test type (ELISA–
CLISA–LFIA), the sampling type (random and non-
random), time (months after pandemic), the perspective 
(local–regional–national), and the type of the study 
(cohort–cross-sectional). According to the classification 
based on the type of population, the results showed that 
the serological test’s positivity was 5% in healthy people 
(95% CI 4 to 6%). In addition, the evaluation results dif-
fered according to the test type, and the prevalence of 
positive tests was 12% for ELISA (95% CI 10 to 15%), 6% 
for CLISA (95% CI 4 to 8), and 6% for LFIA (95% CI 4 
to 9%). The results showed that the highest prevalence 
occurred in the diagnostic subgroup of ELISA. Also, 
depending on the type of sampling, in randomized stud-
ies, the prevalence was 9% (95% CI 7 to 11%), and in non-
randomized studies, the prevalence was 10% (95% CI 7 to 
13%). This indicated a higher prevalence in the non-rand-
omized group. Based on the months after pandemic, the 
prevalence were 7% for 4 month (95% CI 3 to 12%), 8% 
for 5 month (95% CI 5 to 13%), 9% for 6 month (95% CI 
6 to 14%), and 11% for 7 month (95% CI 0 to 32%). Over 
time, this prevalence increased. Prevalence based on 
perspective was 12% for local (95% CI 6 to 19%), 6% for 
regional (95% CI 4 to 10%), and 3% for national (95% CI 
4 to 10%), which was higher in local studies. Also, preva-
lence was 7% for cohort (95% CI 2 to 14%), and 9% for 
cross-sectional (95% CI 6 to 12%). Prevalence was higher 
in cross-sectional studies (Table 4).

Seropositive in European population
In addition, 35 studies determined the prevalence of 
SARS-CoV-2 positive serological tests in this area with 
the lowest correlation belonging to the study of Fischer 
et  al. with a prevalence of 01% (95% CI 01 to 01%) and 
also the study of Merkely et al. with a prevalence of 01% 

Table 3  The subgroup analysis related to region; the prevalence 
was examined based on the Courtiers

Regions Courtiers Pooled 
prevalence 
(95% CI)

Heterogeneity 
assessment

I square P heterogeneity

America Overall 8% (6–11%) 99.54% 0.000

Brazil 7% (2–12%) 90.39% 0.000

USA 9% (7–11%) 93.66% 0.000

Chile 11% (9–13%) – –

Colombia 29% (31–23%) – –

European Overall 5% (4–6%) 98.99% 0.000

Belgium 5% (3–8%) – –

Croatia 1% (0–3%) – –

Denmark 2% (1–4%) 68.65% 0.040

England 20% (4–45%) 76.00% 0.021

Finland 3% (2–4%) – –

France 4% (1–9%) 87.08% 0.000

Germany 7% (0–19%) 88.68% 0.000

Greece 1% (0–2%) – –

Italy 5% (3–9%) 86.58% 0.000

Spain 6% (5–7%) 74.04% 0.001

Sweden 5% (4–6%) 88.00% 0.000

Switzerland 8% (5–10%) – –

Hungary 1% (1–2%) – –

Finland 3% (2–4%) – –

Croatia 1% (1–2%) – –

Luxemburg 2% (1–3%) – –

Lithuania 1% (0–3%) – –

Western Pacific Overall 3% (2–4%) 96.82% 0.000

China 2% (1–3%) 89.91% 0.000

Japan 3% (1–5%) 87.82% 0.001

Australia 0% (0–2%) – –

Korea 8% (4–12%) 55.84% 0.094

Malaysia 0% (0–2%) – –

Taiwan 33% (26–40%) – –

India 4% (2–6%) – –

Eastern Mediter-
ranean

Overall 15% (5–29%) 99.09% 0.000

Iran 15% (12–17%) – –

Pakistan 24% (19–39%) – –

Saudi Arabia 1% (1–2%) – –

Africa Overall 6% (1–13%) 97.87% 0.000

Libya 5% (2–10%) – –

Kenya 6% (5–6%) – –

Togo 1% (0–2%) – –

Malavi 17% (14–20%) – –
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(95% CI 01 to 011%). The highest correlation belonged to 
the study of Clarke et al., with a prevalence of 36% (95% 
CI 31 to 41%). After combining the results of these stud-
ies, the pooled estimate was equal to 5% with a 95% con-
fidence interval of 4 to 6% (Figs.  5 and 7). In addition, 
the highest value was related to the United Kingdom 
among the countries in this region, with a prevalence 
of 20% (95% CI 4 to 45%). The lowest was associated 
with Greece, with a prevalence of 1% (95% CI 0 to 2%) 
(Table 3).

In the subgroup analysis related to this area, the prev-
alence was also examined based on the population type 
(healthy and unhealthy), the diagnostic test type (ELISA–
CLISA–LFIA–VN–ECLIA), and the sampling type (ran-
dom and non-random), time (months after pandemic), 
the perspective (local–regional–national), and the type 
of the study (cohort–cross-sectional). The classification 
results by the population type showed the positivity of 
the serological test in the healthy and unhealthy popu-
lations at 5% (95% CI 4 to 6%) and 20% (95% CI 16 to 
23%), respectively. Prevalence in the unhealthy popula-
tion was higher. The results obtained based on the type of 
the diagnostic test were different, and the prevalence of 
positive tests was 6% for ELISA (95% CI 4 to 8%), 6% for 
CLISA (95% CI 3 to 9%), 4% for LFIA (95% CI 2 to 8%), 
7% for VN (95% CI 5 to 8%), and 1% for ECLIA (95% CI 1 
to 3%). The highest value was evaluated in VN type. Also, 
depending on the type of sampling, the prevalence in 
randomized studies was 5% (95% CI 4 to 6%), and in non-
randomized studies, it was 6% (95% CI 3 to 8%). Preva-
lence was higher in non-randomized studies (Table  4). 

For the months after pandemic, the prevalence were 
23% for 2  month (95% CI 19 to 28%), 5% for 3  month 
(95% CI 4 to 7%), 4% for 4 month (95% CI 2 to 7%), 6% 
for 5 month (95% CI 5 to 8%), 3% for 6 month (95% CI 
2 to 6%), and 5% for 7 month (95% CI 3 to 7%).The high-
est prevalence was in the 2 months after the pandemic. 
Prevalence based on perspective was 8% for local (95% CI 
6 to 11%), 6% for regional (95% CI 3 to 8%), and 3% for 
national (95% CI 2 to 4%) indicating higher prevalence in 
local studies. Prevalence based on type of study was 5% 
for cohort (95% CI 2 to 8%), and 6% for cross-sectional 
(95% CI 5 to 7%). Prevalence was higher in cross-sec-
tional studies (Table 4).

Seropositive in Western Pacific population
Finally, 12 studies determined the prevalence of SARS-
CoV-2 positive serological tests in this area, with the low-
est correlation belonging to the study of Coatsworth et al. 
with a prevalence of 0% (95% CI 0 to 1%) and the high-
est correlation belonging to the study of Pan et al. with a 
prevalence of 33% (95% CI 27 to 40%). After combining 
the results of these studies, the pooled estimate was equal 
to 3%, with a 95% confidence interval of 2 to 4% (Figs. 6 
and 7). Finally, among the countries in this region, the 
highest value was related to Taiwan with a prevalence of 
33% (95% CI 23 to 40%), and the lowest was associated 
with Malaysia with a prevalence of 0% (95% CI 0 to 2%) 
(Table 3).

In the subgroup analysis related to this region, the 
prevalence was also examined based on the population 
type (healthy and unhealthy), the diagnostic test type 

Fig. 3  The pooled prevalence of SARS-CoV-2 seropositive in Africa population
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(ELISA–CLISA–LFIA–VN), and the sampling type (ran-
dom and non-random). The classification results based 
on the population type showed that the serological test 
was positive in 3% of the healthy population (95% CI 2 
to 5%) and 2% of the unhealthy population (95% CI 1 to 
3%). It was higher in the healthy population than in the 
unhealthy one. The results obtained based on the type of 
diagnostic test were different. The prevalence of positive 
tests was 7% for ELISA (95% CI 3 to 10%), 1% for CLISA 
(95% CI 0 to 2%), 4% for LFIA (95% CI 3 to 5%) and 1% 
for VN (95% CI 0 to 2%). The highest value was observed 
in the ELISA group. Also, depending on the type of sam-
pling, the prevalence was 4% in randomized studies (95% 
CI 2 to 5%), and in non-randomized studies, the preva-
lence was 2% (95% CI 0 to 4%). The prevalence in the 

randomized group was higher than that in the non-rand-
omized one (Table 4).

Meta‑regression results
In this part, we analyzed the changes in SARS-CoV-2 
seroprevalence in different WHO regions and world-
wide based on the year from 2020 to 2021. The result in 
America (B: − 0.03, SE: 0.05, P: 0.469), Europe (B: − 0.01, 
SE: 0.02, P: 0.401), Western Pacific (B: −  0.01, SE: 0.01, 
P: 0.430), Eastern Mediterranean (B: −  0.19, SE: 0.08, 
P: 0.033) and around the World (B: −  0.03, SE: 0.02, P: 
0.122) was decreasing which in Western Pacific and 
World was significant. However, the result in Africa (B: 
0.01, SE: 0.02, P: 0.854) was increased (Fig. 8).

Fig. 4  The pooled prevalence of SARS-CoV-2 seropositive in America population
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Table 4  The subgroup analysis related to region, the prevalence was examined based on the population type (healthy and 
unhealthy), the diagnostic test type (ELISA–CLISA–LFIA–VN), and the sampling type (random and non-random)

Regions Variables Pooled prevalence 
(95% CI)

Heterogeneity assessment

I square P heterogeneity

Western Pacific Study population Healthy 3% (2–5%) 90.20% 0.000

Un-healthy 2% (1–3%) 91.55% 0.000

Diagnostic methods ELISA 7% (3–10%) 17.03% 0.281

CLIA 1% (0–2%) 0.00% 0.320

LFIA 4% (3–5%) 41.35% 0.160

VN 1% (0–2%) 55.02% 0.301

Sampling methods Random 4% (2–5%) 89.65% 0.000

Non-random 2% (0–4%) 84.23% 0.000

Time 2 months after pandemic 2% (1–3%) 93.20% 0.000

4 months after pandemic 3% (2–5%) – –

5 months after pandemic 4% (3–5%) – –

6 months after pandemic 2% (1–3%) – –

7 months after pandemic 1% (1–2%) – –

8 months after pandemic 5% (4–6%) – –

Perspective Local 4% (2–6%) 91.05% 0.000

Regional 3% (1–5%) 89.04% 0.000

National – – –

Type of study Cohort 2% (1–3%) 88.08% 0.000

Cross-sectional 4% (2–6%) 91.90% 0.000

European Study population Healthy 5% (4–6%) 92.15% 0.000

Un-healthy 20% (16–23%) 89.22% 0.000

Diagnostic methods ELISA 6% (4–8%) 78.65% 0.030

CLIA 6% (3–9%) 79.99% 0.001

LFIA 4% (2–8%) 90.36% 0.000

VN 7% (5–8%) 77.00% 0.000

ECLIA 1% (1–3%) –

Sampling methods Random 5% (4–6%) 97.68% 0.000

Non-random 6% (3–8%) 90.22% 0.000

Time 2 months after pandemic 23% (19–28%) 88.17% 0.000

3 months after pandemic 5% (4–7%) 89.08% 0.000

4 months after pandemic 4% (2–7%) 92.54% 0.000

5 months after pandemic 6% (5–8%) 84.28% 0.000

6 months after pandemic 3% (2–6%) 98.90% 0.000

7 months after pandemic 5% (3–7%) 87.09% 0.000

Perspective Local 8% (6–11%) 89.00% 0.000

Regional 6% (3–8%) 88.89% 0.000

National 3% (2–4%) 83.49% 0.000

Type of study Cohort 5% (2–8%) 99.90% 0.000

Cross-sectional 6% (5–7%) 98.56% 0.000
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Discussion
Due to the current Covid-19 pandemic, the prevalence 
and incidence of this disease are increasing worldwide. 
Because antibodies are produced in response to many 
pathogens, including Covid-19, and have a higher advan-
tage than other diagnostic methods in determining the 
serology prevalence, here we have globally collected 
verified data (by September 2020) to contribute to a com-
prehensive understanding of the current pandemic by 
conducting a comprehensive review of the prevalence of 
Covid-19 serology in different populations and geograph-
ical areas. In this meta-analysis, the cumulative preva-
lence was calculated at 414,773 based on the studied 
research, and 25,065 people in the world were infected 
with Covid-19 by the date of this study.

The results obtained based on the study region showed 
that among the six regions of the WHO, Eastern Medi-
terranean and Western Pacific had the highest (15%) and 
lowest (3%) prevalence, respectively. The largest sample 
size and number of studies were related to the European 
Region, accompanied by other development character-
istics in this region. It is also impossible to accurately 
assess the Covid-19 prevalence based on just one study at 
the local level. Still, one can imagine the general situation 
from these few studies, especially globally. Although the 

exact protective effect of antibodies against mutant vari-
ants has not been determined so far [21], it can be said 
that the differences observed in seroprevalence are prob-
ably related to differences in the disease transmission sta-
tus in the community due to behavioral differences, the 
public health status, local resources, and environmental 
issues. Of course, there are other issues, such as alti-
tude and climatic differences, and the relevant evidence 
is not yet complete [22, 23]. Differences in the volume, 
time, single approach, sampling method, missing sam-
ples, sample size, selection bias, greater participation of 
symptomatic individuals, the inclusion of minority popu-
lations, lack of validity and reliability of questionnaires in 
determining symptoms, accuracy of diagnostic kits, rate 
of decrease in the antibody titer, possible reinfection, the 
persistence of the virus in a large population of the soci-
ety, and diversity of geographical and demographic char-
acteristics (age, sex, race, ethnicity, etc.) were among the 
limiting factors in most studies [24–26].

In the present study, the lowest Covid-19 seropreva-
lence was in Western Pacific and African countries, fol-
lowed by European and American ones, and was slightly 
higher in the Eastern Mediterranean. However, within 
each of the World Health Organization’s geographical 
areas, there were significant differences. For example, the 

Table 4  (continued)

Regions Variables Pooled prevalence 
(95% CI)

Heterogeneity assessment

I square P heterogeneity

America Study population Healthy 9% (8–12%) 92.19% 0.000

Un-healthy – – –

Diagnostic methods ELISA 12% (10–15%) 79.00% 0.001

CLIA 6% (4–8%) 81.54% 0.001

LFIA 6% (4–9%) 88.99% 0.000

VN – – –

Sampling methods Random 9% (7–11%) 97.22% 0.000

Non-random 10% (7–13%) 98.48% 0.000

Time 4 months after pandemic 7% (3–12%) 89.22% 0.000

5 months after pandemic 8% (5–13%) 80.29% 0.000

6 months after pandemic 9% (6–14%) 93.00% 0.000

7 months after pandemic 11% (0–32%) 92.33% 0.000

Perspective Local 12% (6–19%) 99.52% 0.000

Regional 6% (4–10%) 92.54% 0.000

National 3% (4–10%) – –

Type of study Cohort 7% (2–14%) 79.90% 0.000

Cross-sectional 9% (6–12%) 77.56% 0.000
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estimated prevalence in Taiwan (33%) was much higher 
than that of other Western Pacific countries. The same 
difference existed in Europe, so the United Kingdom, 
with an estimated prevalence of 20%, was significantly 
different from its neighbors. In contrast, the differences 
in the Americas and Africa were relatively small, and the 
Covid-19 seroprevalence was moderate in these regions. 
Finally, in the Eastern Mediterranean region, Covid-19 
seroprevalence was relatively high in Iran and Pakistan, 
except in Saudi Arabia. Similar studies that have mainly 
classified the prevalence based on countries’ income 
reported that in some cases, middle-income countries 
and, in other instances, high-income countries had 
reported a higher prevalence [27, 28]. So, we could not 

find a precise correlation between the income level of 
countries and the Covid-19 seroprevalence, which may 
be due to differences in the time of epidemic changes 
in these countries, sampling and laboratory methods, 
disease control policies, and vaccination in different 
populations.

Studies used different serological tests. Due to the 
many reasons presented for the difference in Covid-19 
seroprevalence in additional studies and populations, it 
was impossible to precisely determine the effect of the 
test type on this rate. Various studies showed that the 
type of used antigen, the number of passed days since the 
onset of the patient’s initial symptoms, and the perfor-
mance of the serological test itself affected the sensitivity 

Fig. 5  The pooled prevalence of SARS-CoV-2 seropositive in European population
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and specificity of various tests [29–31]. The reported sen-
sitivity for different tests was from 66 to 97%, while the 
specificity of all tests was reported to be higher than 95% 
[32, 33].

Different demographic subgroups such as healthy and 
unhealthy individuals and the randomized and non-ran-
domized sampling, in general, can affect the difference 
in seroprevalence. As stated in the present study, stud-
ies reported lower and higher seroprevalence in different 
geographic perspectives and time from the beginning of 
the pandemic areas in each category. For example, in the 
Western Pacific countries, the seroprevalence of healthy 
populations was higher than that of unhealthy ones. In 
cases with the random sampling method, it was more 
than the non-random one. Also, in our study, the sero-
prevalence increased from local to national perspectives, 
respectively, due to the impact of more facilities, effec-
tive health policies, and easier access to health care ser-
vices at the national level. In general, the samples taken 
in our study were in the time period from 2 January to 
21 September 2020. In this period, clinical management 
of the disease was based on symptomatic therapies. 
Still, non-pharmaceutical interventions (NPIs) such as 
physical distance in all settings, hand hygiene and use of 

protective equipment self and large-scale isolation, and 
closure of borders, schools, and workplaces play a criti-
cal role in preventing and controlling disease transmis-
sion. Therefore, problems with infrastructure, imports 
of some drugs, and strategies such as quarantine, proper 
promotion, or non-observance of the mentioned factors 
can change the prevalence of the disease months from 
the beginning of the pandemic. For example, the preva-
lence peaked in Western Pacific and European countries 
in April 2020.

Also, specific mutations in the SARS-CoV-2 genome 
over time impacted diagnostics, transmissibility, and 
treatment. And the first variant (alpha) was identified in 
late 2020, so the obtained seroprevalence pattern cannot 
be justified by Covid-19 variants [34, 35]. Hence, there 
were no effective and available vaccines or drugs against 
Covid-19 in our study period. The first public vaccine was 
given to a 91-year-old woman in The UK named Marga-
ret Keenan on 8th December 2020 [36]; the results of the 
current meta-analysis may be less justified by vaccination 
and viral variants, so conducting such seroprevalence 
studies would need to be done again carefully.

In the meta-regression performed based on the 
observed changes in Covid-19 seroprevalence over time, 

Fig. 6  The pooled prevalence of SARS-CoV-2 seropositive in Western Pacific population
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it was found that other countries showed a downward 
trend despite our expectation of this increase over time, 
except in the subgroup of African countries in Covid-19 
seroprevalence. This may be due to differences in sam-
pling times in different countries due to the peak of the 
disease and changes in prevention systems in these coun-
tries on the one hand and the instability of Covid-19 spe-
cific antigens over time on the other hand.

One of the strengths of this study was the global 
review of Covid-19 seroprevalence studies. Also, 
in this research, studies were aggregated by differ-
ent regions of the World Health Organization, while 
in similar studies, classification was more based on 
the income level of countries [27, 28]. Also, in this 
study, changes in the seroprevalence time of popula-
tions were presented first. On the other hand, one of 
the weaknesses of the research was the lack of a sam-
ple study from all people and countries of the world 
to better estimate global seroprevalence. Also, some 
countries had only one study on the existing cases, and 
others reported several ones. Indeed, the prevalence 

of Covid-19 varies in different subgroups and varies 
according to epidemic changes and prevention poli-
cies. Therefore, with a small number of studies, the 
demographic and temporal generalizability of the find-
ings is problematic. Also, different sampling methods, 
tests, different times passed from the onset of symp-
toms in different people, and other antigens make it 
challenging to interpret the findings uniformly. The 
probability of underestimating seroprevalence in the 
world is high. If the prevalence is higher with con-
firmed cases, a lower death rate can be found in all 
cases of infection [26]. According to the findings of the 
studies, the highest prevalence was seen in ethnic and 
racial minorities such as Blacks and South Asians than 
Whites. Factors related to this finding include various 
determinants of health inequality, including discrimi-
nation, access to health care, the employment status 
and its related factors, financial and educational gaps, 
the housing status and the number of household mem-
bers, and in general, occupational, social, and environ-
mental variables [37–39].

Fig. 7  Seroprevalence rates of SARS-CoV-2 in the general human population in different countries using the geographic information system (GIS)
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Conclusion
The present research performed on 88 studies showed that 
the seroprevalence of Covid-19 has been between 3 and 
15% worldwide, and even considering the low estimate 
of this rate and the increasing vaccination in the world, a 

large number of people are still susceptible to Covid-19. 
Countries need to implement prevention policies with 
greater sensitivity and follow-up, especially those with low 
Covid-19 serology prevalence and vaccination coverage.

Fig. 8  Meta-regression analysis of estimated pooled prevalence in WHO regions and around the world from 2020 to 2021. America (B: − 0.03, SE: 
0.05, P: 0.469). Europe (B: − 0.01, SE: 0.02, P: 0.401). Western Pacific (B: − 0.01, SE: 0.01, P: 0.430). Eastern Mediterranean (B: − 0.19, SE: 0.08, P: 0.033). 
Africa (B: 0.01, SE: 0.02, P: 0.854). World (B: − 0.03, SE: 0.02, P: 0.122)
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