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ABSTRACT

Objectives: This study aims to estimate the prevalence of coronavirus disease 2019 (COVID-19) in the
general population of Iran.
Methods: The target population was all Iranian people aged 6 years and older in the country. A stratified
random sampling design was used to select 28 314 people from among the individuals registered in the
electronic health record systems used in primary health care in Iran. Venous blood was taken from each
participant and tested for the IgG antibody against COVID-19. The prevalence of COVID-19 was estimated
at provincial and national levels after adjusting for the measurement error of the laboratory test, non-
response bias and sampling design.
Results: Of the 28 314 Iranians selected, 11 256 (39.75%) participated in the study. Of these, 5406 (48.0%)
were male and 6851 (60.9%) lived in urban areas. The mean (standard deviation) participant age was
35.89 (18.61) years. The adjusted prevalence of COVID-19 until 20 August 2020 was estimated as 14.2%
(95% uncertainty interval 13.3%—15.2%), which was equal to 11 958 346 (95% CI 11 211 011—12 746 776)
individuals. The adjusted prevalences of infection were 14.6%, 13.8%, 16.6%, 11.7% and 19.4% among men,
women, urban population, rural population and individuals aged 60 years or more, respectively. Ardabil,
Golestan and Khuzestan provinces had the highest prevalence and Alborz, Hormozgan and Kerman
provinces had the lowest.
Conclusions: Based on the study results, a large proportion of the Iranian population had not yet been infected
by COVID-19. The observance of hygienic principles and social restrictions should therefore continue until the
majority of the population has been vaccinated. Kazem Khalagi, Clin Microbiol Infect 2021;27:1666
© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.
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Introduction

Although daily reports of the number of PCR-confirmed cases
of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
are available, the number of diagnosed cases is a function of the
number of tests performed per day. For example, in Iran, because
of the limited number of laboratory kits available at the beginning
of the pandemic, the number of daily tests was very limited and
PCR tests were performed only for hospitalized patients in a
serious physical condition with suspected coronavirus disease
2019 (COVID-19) [1]. Furthermore, the PCR test has a relatively
high false-negative rate, which is affected by the sampling method
and the time interval from the onset of the disease [2]. On the
other hand, a significant proportion (17%) of COVID-19 patients
remain asymptomatic [3,4]. Given the above limitations, it is
impossible to rely solely on daily reports of the number of
definitively diagnosed cases for pandemic management and pol-
icy-making.

Serological tests are used to measure the response of antibodies
to the virus and are also able to detect a history of infection in
asymptomatic individuals. Seroepidemiological surveys can there-
fore provide reliable information about the prevalence of the
infection and the history of population immunity [5—7].

To date, several seroprevalence studies have been performed
in cities and some provinces in Iran and on high-risk pop-
ulations [8,9]. However, the surveys have had some limitations
in terms of the sampling designs and analysis methods, which
has raised debate on the validity and generalizability of the
findings [10—12]. This study from the Iranian COVID-19 Sero-
logical Surveillance programme, which is supported by the
Ministry of Health and Medical Education (MOHME) of Iran [13],
is the first report of the series of nationwide, population-based
serological surveys for COVID-19 that are conducted at regular
intervals.

Materials and methods
Study design, population and sampling

The survey was conducted from August to October 2020 in all
provinces of Iran to estimate the prevalence of COVID-19 in the
country in total and by province, urban/rural area of residence, sex
and age group. The target population of the survey was all Iranians
aged 6 years and older living in Iran. People with a unique Iranian
national identification number registered in the primary health-
care electronic health record systems (PHC-EHRS) (SIB, SINA and
NAB), who were 6 years of age or older and had sufficient physical
ability to attend blood sampling centers were included. Individuals
who had contraindications for venous blood sampling were
excluded.

A stratified random sampling scheme was used in the survey;
each province was considered a stratum. In each province, sam-
pling was conducted through a simple random sampling method
using the list of eligible individuals registered in the PHC-EHRS as
the sampling frame.

A national sample of 28 314 individuals was recruited. The
sample included 858 individuals for each of the provinces in Iran
except for Tehran province. For Tehran province, because of the
socio-economic status heterogeneity of the population covered by
its three universities of medical sciences, three times as many
participants were recruited compared with the other provinces.
The provincial sample size was calculated based on the estimated
COVID-19 prevalence of 33% [14], a relative estimation error of 10%,
a confidence interval of 95% and considering a non-response rate of
10%.

Procedures

To invite the participants selected for the survey, the relevant
lists and personal profiles in the PHC-EHRS were made available to
urban and rural community health workers. These community
health workers called the selected people and invited them to each
district's specified blood sampling centers for blood sampling.

The qualified blood sampling centers in each district were
selected in such a way that the participants would face minimal risk
of being infected by SARS-CoV-2 and the centers were easily
accessible to the participants. Blood sampling was performed in full
compliance with the health protocols and after obtaining written
informed consent from the participants. A volume of 10 mL of
intravenous blood was taken from each person. The serum samples
were transferred to the selected laboratories of the medical uni-
versities (not more than 2 hours driving distance) in a three-layer
package at a temperature of 4°C—8°C (by icepacks) up to
24 hours after sampling (see Supplementary material for details,
Appendix S1).

Measurements and other variables

To determine the IgG antibody against COVID-19 of each sample,
serological testing was undertaken using the Iran's Food and Drug
Organization-approved SARS-CoV-2 ELISA kit (Pishtaz Teb, Tehran,
Iran; catalogue number PT-SARS-COV-2.IgG-96) according to the
relevant protocol [13] by the trained staff in the selected qualified
laboratories. Participants with a cut-off index of more than 1 were
considered positive [13]. The test result was then recorded by the
laboratory staff in the PHC-EHRS. Other required variables such as
age, gender, province/district of residence and urban/rural area of
residence were extracted from the participant's profile in the PHC-
EHRS. Fig. S1 in the Supplementary material (Appendix S1) shows
the study implementation process.

Ethical considerations

The study protocol was approved by the ethics committee of the
National Institute of Health Research of the Islamic Republic of Iran
(ethics code: IRTUMS.NIHR.REC.1399.019). Written informed con-
sent was obtained from all the participants in the study (see Sup-
plementary material for details, Appendix S1).

Statistical analysis

We estimated the prevalence of COVID-19 and its 95% uncer-
tainty interval (UI) at a national and provincial level by urban/rural
area of residence, sex and age (6—17, 18—39, 40—59 and > 60 years).
A participant was considered ‘positive’ in the presence of anti-
SARS-CoV-2 IgG. After correcting the false negatives and false
positives of the IgG test results and using post-stratification, inverse
probability of response and sampling design weights, a minimum
bias estimate of the prevalence was obtained.

We followed three stages in the statistical analysis: (a) correc-
tion of the crude (unadjusted) prevalence resulting from the
measurement error of the laboratory kit based on the sensitivity
and specificity of the kit, (b) conversion of the corrected prevalence
of the previous stage into individual data and (c) weighing the in-
dividual data of the second stage using post-stratification, response
rates and sampling design weights. All of these stages were per-
formed for 16 strata made up of a combination of four age groups,
two genders and two urban/rural categories in each province
separately (496 categories at a national level) (see Supplementary
material for details, Appendix S2). Microsoft ExceL, STATA [15] and R
[16] software were used in the statistical analysis.
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Appendix S3 (see Supplementary material) describes the edu-
cation, monitoring and supervision of the study. In addition to the
reports of the diagnostic accuracy of the Pishtaz Teb kit by the
manufacturer (sensitivity 94.1% (32/34) and specificity 98.3% (109/
111)), we re-evaluated its accuracy in a separate study (see Sup-
plementary material Appendix S4). The full details of the survey
methods are also provided in a protocol article, which has been
published elsewhere [13].

Results

Among the 28 314 Iranians selected to participate in the study
from all the provinces, 11 256 (39.75%) participated in the study
(Fig.1). The highest rate of non-response was reported from Tehran,
Qom and Hamadan provinces (90.4%, 76.9% and 76.5%, respec-
tively), and the provinces of Razavi Khorasan, Sistan and Baluche-
stan, and Mazandaran had the lowest non-response rates (14.7%,
24.2% and 33.7%, respectively; see Supplementary material,
Appendix S5). The multiple logistic regression analysis used to
investigate the factors affecting participation in the study revealed
a statistically significant association between study participation
and province of residence (odds ratio (OR) 1.074, 95% CI
1.071-1.077), 1-year aging (OR 1.007, 95% CI 1.005—1.008), being
female (OR 1.19, 95% CI 1.13—1.30) and having a rural residence (OR
2.04, 95% CI 1.93—2.15). To include the province of residence in this
model, the provinces of the country were first ranked from large to
small based on their non-response rates, then they were given a
rank from 1 to 31. Thereafter, the rank of each province based on the
non-response rate was entered into the model. The OR of the
province of residence indicated the rise in the chance of responding
with each increase in the rank of the non-response rate of the
province.

The blood sampling of the study participants started on 3
August 2020, in Tehran province and continued until 31 October
2020 in Kohgiluyeh and Boyer-Ahmad province. Half the partici-
pants were sampled before 10 September 2020 and the other half
after that date. To increase the response rate, we extended the data
collection period by 1 month. The mean (standard deviation) of the

28 314 selected
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Fig. 1. Profile of participation in the study.

age of the study participants in the country was 35.89 (18.61) years
(age range 6—109 years). Table 1 and Table S3 (Supplementary
material, Appendix S5) show the distribution of the age, sex and
area of residence of the study participants across the country and
by province, respectively.

We estimated the sensitivity and specificity of the IgG test of the
laboratory kit as 0.74 (95% CI 0.67—0.80) and 0.98 (95% CI
0.96—0.99), respectively (see Supplementary material for details,
Appendix S4).

Of the 11 256 participants in the study nationally, the IgG
serological test was positive in 1303 (11.6%, 95% CI 11.0%—12.0%).
The crude prevalence of COVID-19 based on the IgG serological
testing is presented in total in Fig. 2 and separately by age, sex
and urban/rural subgroups in Table 2 and Table S4 (see Supple-
mentary material, Appendix S6) for the country and the prov-
inces, respectively. We also provided the national estimates of
COVID-19 prevalence after weighting data by post-stratification,
inverse probability of response and sampling design weights
and without adjusting for the laboratory kit measurement error
in Table 2.

The prevalence of COVID-19 in Iran after correcting for the
laboratory kit measurement error and weighting data by post-
stratification, inverse probability of response and sampling design
weights was estimated as 14.2% (95% Ul 13.3%—15.2%) at 20 August
2020. It was therefore estimated that from the beginning of the
pandemic to this date, more than 11 958 346 (95% CI 11 211 01112
746 776) of the population over 6 years of age had been infected
with COVID-19 in Iran. Nationwide, the infection prevalence was
higher among men than women, urban than rural populations and
the age groups >60 and 40—59 years than other age groups (Table
2). The corrected prevalence estimates by age, gender and urban/
rural area of residence for each province are also presented in Table
S4 (see Supplementary material, Appendix S6). Ardabil, Golestan,
Khuzestan, Razavi Khorasan, and Sistan and Baluchestan provinces
had the highest prevalence, and Alborz, Hormozgan, Kerman, South
Khorasan and Isfahan provinces had the lowest (see Fig. 2, and see
Supplementary material, Fig. S2 in Appendix S7).

Discussion

We estimated the prevalence of COVID-19 in the population
aged 6 years and older in Iran from the beginning of the pandemic
until 20 August 2020 as 14.2%.

In a study conducted in Iran on the general population in 18 of
the most densely populated cities across 17 provinces in the
country, the prevalence of COVID-19 from the start of the pandemic
until the end of April 2020 was estimated as 17.1% [8,10—12]. The
estimated prevalence of the disease would probably have been
higher than that in our study because the sampling population of

Table 1
Demographic characteristics of the sampled and participant individuals

Sampled individuals, n (%) Participants, n (%)

Total 28 314 (100) 11 256 (100)
Age (years)
6—-17 6157 (21.74) 2302 (20.45)
18—-39 11 885 (41.97) 4496 (39.94)
40-59 7261 (25.64) 3100 (27.54)
>60 3011 (10.63) 1358 (12.06)
Gender
Male 14 209 (50.18) 5406 (48.03)
Female 14 105 (49.81) 5850 (51.97)
Area
Urban 20 281 (71.63) 6851 (60.86)
Rural 8033 (28.37) 4405 (39.13)
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Province Prevalence, %
(95% UL/CI)
Ardabil 34.3 (28.6, 40.6) _
23.8 (18.2,29.4) —_
Golestan 28.0 (22.0, 35.0) —
19.1 (15.0,23.1) ——
Khuzestan 25.7 (21.8,30.1) —a—
15.9 (12.4,19.4) ——
Razavi Khorasan 19.3 (15.7,23.4) —a—
16.7 (14.0,19.4) ——
Sistan & Baluchestan 18.8 (15.2,22.9) _
14.8 (12.0,17.5) ——
Kurdistan 18.7 (15.2,22.6) —a—
149 (11.5,18.3) —
Tehran 17.5(11.6,25.7) ——
16.1 (11.6,20.7) —
Qom 17.3 (11.9, 24.5) . E—
20.2 (14.6,25.8) —_—
Bushehr 16.8 (12.3,22.5) —a—
13.3 (9.7.16.9) —
Mazandaran 16.3 (13.0,20.2) ——
11.8 (9.1, 14.4) ——
East Azerbaijan 159 (11.1,22.3) ——
11.9 (7.5.16.3) —T
Yazd 15.6 (11.2,21.2) ——
10.8 (7.3, 14.3) —
Zanjan 14.0 (10.8, 18.1) —a—
10.7 (8.0, 13.5) ——
Qazvin 14.0 (9.8, 19.4) ——
10.5 (7.2, 13.8) ——
North Khorasan 13.9 (9.9, 19.0) ——
8.6 (6.1,11.2) ——
Kohgiluyeh & Boyer-Ahmad 12.9 (9.9, 16.7) —a—
13.7 (9.9, 17.5) —
Markazi 12.8 (7.0,22.4) —
9.4 (6.3, 12.5) ——
Chaharmahal & Bakhtiari 12.4 (8.8,17.3) —.—
7.4 (4.5,10.3) ——
Lorestan 12.3 (9.0, 16.5) ——
11.7 (7.8, 15.6) —— ottt s
Hamadan 117 (7.8, 17.2) —e Btjpsted
9.9 (5.8, 14.0) —r Crude -+
Kermanshah 10.3 (7.2, 14.6) ——
9.4(6.2,12.5) ——
Ilam 10.2 (7.3, 14.2) —a—
9.2 (6.2,12.1) ——
West Azerbaijan 9.7(7.2,12.9) —E—
7.9 (5.6,10.2) ——
Semnan 9.0 (5.4,14.5) ——
9.5 (6.4, 12.5) ——
Fars 8.6 (5.7,12.9) ——
8.5(5.2,11.8) —r—
Guilan 8.0 (5.0,12.5) ——
7.8(4.2,11.4) —
Isfahan 7.9 (5.4,11.5) ——
8.2 (5.4,10.9) ——
South Khorasan 7.5(4.8,11.5) —a—
5.9(3.6,8.2) ——
Kerman 7.3 (5.0, 10.5) -
6.8 (4.5.9.0) ——
Hormozgan 6.9 (4.3,10.8) ——
4.8 (2.5,7.0) ——
Alborz 6.6 (4.3,10.0) ——
11.3(7.2,15.3) —
5 10 15 20 25 30 35 40 45

Prevalence (%)

Fig. 2. The crude (unadjusted) prevalence (95% CI) and test measurement error adjusted and weighted prevalence (95% UI) of coronavirus disease 2019 in Iran (by province).

the study only included cities with high population densities—not
small and sparsely populated cities and villages—and the study was
conducted only in provinces with the highest reported number of
COVID-19 cases based on MOHME reports [10]. Although the lab-
oratory kit used in the study was the same as ours, the sensitivity of
the IgG test was estimated in different situations (within
2—4 weeks of symptom onset versus 3—16 weeks in our study) and

was found to be lower than that in our study (61% versus 74%,
respectively). In terms of COVID-19 infection, the IgG titre increased
after week 3 of symptom onset, but the samples were used within
2—4 weeks in their sensitivity estimation study. These factors, as
well as some of the study's methodological and statistical issues
[12], may have contributed to the differences between the results of
that study and ours.
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Table 2

Crude prevalence, weighted prevalence and test measurement error adjusted and
weighted prevalence of coronavirus disease 2019 in Iran by age groups, gender and
urban/rural area of residence

Crude prevalence Weighted prevalence Test measurement error

(95% CI) (95% CI1) adjusted and weighted
prevalence (95%
uncertainty intervals)

Total 11.6 (11.0-12.0) 11.8(10.9-12.7) 14.2 (13.3-15.2)
Age (years)
6—-17 103 (9.1-11.5) 10.0 (8.5-11.8) 11.5(9.9-134)
18—39 103(9.5-11.2) 9.6 (8.6—10.7) 11.6 (10.5-12.8)
40-59 13.0(11.8—14.2) 11.9(10.4-13.5) 14.3 (12.8—16.0)
>60 14.7 (12.8—16.5) 15.5(13.2—18.2) 19.4 (17.0-22.1)
Gender
Male 11.3(10.5-12.2) 12.0(10.8—13.3) 14.6 (13.4—-15.9)
Female 11.8(11.0-12.6) 11.6(10.3—12.9) 13.8 (12.5—15.2)
Area
Urban 124 (11.6—13.2) 13.6 (12.3—14.9) 16.6 (15.3—18.0)
Rural 103 (9.4-11.2) 9.9(8.8—11.2) 11.7 (10.6—13.0)

In another seroprevalence study in Guilan province, the preva-
lence of COVID-19 from the beginning of the pandemic until April
2020 was estimated at 22.2% [9], which is significantly higher than
our estimate for Guilan province (8.0%). There could be several
reasons for this discrepancy, including household sampling
compared with the simple random sampling undertaken in our
study (because of the high risk of infection of all household
members if one of the members is infected), the inclusion of only a
number of districts with high and low incidences (based on their
hospitalization rate) compared with the inclusion of all districts in
the present study, and possibly greater participation of infected
individuals in that study compared with ours because of partici-
pants' fear of becoming infected in the comprehensive health
centers (because of this, 17% of the participants did not participate
in that study). More importantly, as Guilan province was among the
first provinces hit by the COVID-19 pandemic, it is quite possible
that the proportion of infected people with negative serological test
results would have been higher than that of many other provinces
with delayed peaks. This may have led to a higher underestimation
of the infection in Guilan province in our study. In terms of statis-
tical methods, in the multiple bias correction, the true sequence
should be the inverse of the bias occurrence sequence [17,18].
Accordingly, in that study, the measurement error had to be cor-
rected first and then the non-response bias; however, the opposite
was done. This could also have affected the results.

The first limitation of our study was the use of populations
registered in the PHC-EHRS as a sampling framework. Despite the
coverage of over 90% of the population of many provinces of the
country by these systems, in some provinces, such as Tehran
province, the coverage of this system was about 80%. When
calculating the prevalence estimates by weighting, the distribution
of age, sex, urban/rural residence and the province of residence of
the survey sample was matched with the distribution of the
provinces and the country population (based on the projection of
the population in 2020 by the Statistics Center of Iran). Accordingly,
the problem of the incomplete coverage of the sampling framework
was partially solved, except for the influential variables not
included in our weightings, such as the distribution of socio-
economic status. Second, there was a high rate of non-responses
in our study. This reduced the precision of the estimates and
increased the risk of selection bias. To counter the possibility of
selection bias, the elements of such bias relating to gender, age,
urban/rural location and the province of residence because of non-
responses were corrected during the statistical analysis by inverse
probability of response weighting. It is expected that the weighting

controlled most of the non-response bias of the present survey.
Third, in the laboratory kit sensitivity study, the included patients
were individuals who presented at 3—16 weeks following disease
symptom onset. This combination of patients did not include those
individuals who presented after 16 weeks from symptom onset.
Such participants may have provided false-negative results because
of a drop in the antibody titres following the extended period since
the onset of the symptoms. We may therefore have estimated the
sensitivity of the study kit as being slightly higher than the true
value. Accordingly, the true prevalence from the start of the
pandemic to 20 August 2020 is expected to be slightly higher than
our estimate, especially for the provinces with earlier peaks in the
pandemic (see Supplementary material, Appendix S8, for further
discussion).

Conclusion

According to the study results, a large proportion of the popu-
lation had not yet been infected. The observance of the principles of
hygiene and social restrictions should therefore continue until the
majority of the population has been vaccinated.
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