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Dear Editor,

The first cases of severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) in Iran were identified in Qom on

February 19, 2020, which soon spread throughout the

country (Yavarian et al. 2020). As of May 12, 2021,

2,691,352 confirmed cases of COVID-19 (the disease

caused by SARS-CoV-2) and 75,568 associated deaths

have been reported in the country by Iran Ministry of

Health.

COVID-19 screening has been achieved by identifying

the virus using real time PCR (RT-PCR) and detecting

specific antibodies by serological methods (Patel et al.

2020). Although RT-PCR is perceived to be the gold

standard assay for diagnosing SARS-CoV-2 infection,

seroprevalence study is more likely to show the true

number of SARS-CoV-2 infections since the beginning of

the pandemic (Rostami et al. 2020). Moreover, it enables

health authorities to surveil the seroconversion and

implement more appropriate public health strategies

(Rostami et al. 2020).

For SARS-CoV-2 antibody detection, a limited number

of kits with acceptable sensitivity and specificity are

available. These kits, may have both false positive and

negative results (Watson et al. 2020). The cross-reactivity

with other antibodies were shown (Abduljalil 2020).

Moreover, a rapid reduction in IgG titers against SARS-

CoV-2 among infected individuals has been reported. In

fact, 12.9% of symptomatic and 40.0% of asymptomatic

cases, became seronegative for IgG after 8 weeks from the

initiation of the infection, which could lead to underesti-

mating the seroprevalence of SARS-CoV-2 (Long et al.

2020). Nevertheless, in facing with pandemics, antibody

detection is crucial to monitor virus circulation in popu-

lations. In Iran, serological tests of SARS-CoV-2 are

available but data on seroprevalence of SARS-CoV-2

infection in Iran is limited.

This study are conducted to evaluate the prevalence of

SARS-CoV-2 specific IgM and IgG in individuals referred

to private laboratories in north, south, east, and west parts

of Tehran (the capital of Iran), based on the sex, age

groups, and regional districts of residence during

12 months.

To reach the goal, a cross-sectional study was conducted

from May 1, 2020 to April 30, 2021 in Tehran. A total of

4786 samples were obtained from individuals who referred

to four laboratories from the north, south, east, and west

parts of the city for SARS-CoV-2 serological testing. All

samples were tested in the local private laboratories with

SARS-CoV-2 IgG and IgM ELISA Kits (Pishtaz Teb,

Iran). These commercial kits had a sensitivity and speci-

ficity of 79.4% and 97.3% for IgM detection and 94.1%

and 98.3% for IgG identification, respectively. The statis-

tical analysis was performed using Statistical Package for

Social Sciences (SPSS Inc., Chicago, Illinois, USA) ver-

sion 26.0.

A total of 4786 individuals were participated in this

study from 4 districts of Tehran, including 883 (18.4%)

from the east, 1763 (36.8%) from the west, 1441 (30.2%)

from the north and 699 (14.6%) from the south. Cases were

divided into 5 age groups including 0 to B 18 years, 19

to B 34 years, 35 to B 49 years, 50 to B 64 years, and

C 65 years. Of all cases, 2376 (49.6%) were male and

2411 (50.4%) were female. Among all participants, age

group of 18 years and younger comprised the smallest

fraction (n = 435, 9.1%), while the age group of

35–49 years represented the largest proportion (n = 1627,

34%).
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The results showed that, during May 1, 2020 to April 30,

2021, total prevalence of SARS-CoV-2 IgG was 1409/4786

(29.4%), while IgM was detected in 786/4786 (16.4%)

samples. It should be noted that 669/4786 (14%) cases

were positive for both IgG and IgM. IgG seroprevalence

among individuals in four different districts of the city was

slightly different as follows: 23.5% in north, 29.8% in

south, 32.4% in west and 33% in east (P[ 0.05). During

the period of 12 months, as time passed the rate of sero-

prevalence raised. This increase, from May 1 to October

31, 2020, compared to November 1, 2020 to April 30,

2021, was shown in Fig. 1A and 1B.

Assuming that the presence of IgG and IgM antibodies

indicates the exposure to SARS-CoV-2, the results showed

that by the end of April 2021 more than half of people in

Tehran were still immunologically naive to SARS-CoV-2.

Evaluation of age and gender in seropositive individuals

showed older people (C 65 years) had higher seropositivity

than the other age groups, which was consistent with the

findings in Italy and the USA that reported a high sero-

prevalence in the same age group (Havers et al. 2020; Vena

et al. 2020). Similar to a previous research (Pollán et al.

2020), in this study, no difference in seroprevalence

between females and males was detected (Table 1).

As the data on COVID-19 incidence and death rate in

Tehran were not available, variation of SARS-CoV-2

seroprevalence using IgG and/or IgM positivity in this

study was compared to the incidence and death rate of

COVID-19 based on the reports by the Ministry of Health

from all over the country during mentioned 12 months

(https://irangov.ir/ministry-of-health-and-medical-educa

tion) (Fig. 1C). This figure showed, during summer and

autumn 2020, Iran faced the second and third peaks of

disease incidence and associated death. While, the third

peak was remarkably sharper than the second one, these

two peaks were in concordance with the rise of sero-

prevalence identified in this study. Besides, the fourth peak

of COVID-19 incidence, which was started in March 2021,

was accompanied by the seroprevalence elevation found in

the last month of the study performance.

Up to April 30, 2021, there was limited number of

published studies on SARS-CoV-2 seroprevalence in Iran.

One study was performed including 551 cases in Guilan in

April, 2020, in which seroprevalence of SARS-CoV-2 was

22% in the region (Shakiba et al. 2020). Another study was

performed on 8902 specimens which were collected from

18 cities in Iran including Tehran during April 17 to June 2,

2020. They showed the overall seroprevalence was 17.1%,

while it was 16.3% in Tehran (Poustchi et al. 2020).

Herein, compared to other studies a higher rate of sero-

prevalence was reported in this city. Besides, the time

duration of the study (the last 12 months before the start of

the vaccination campaign in Iran) was longer than the other

studies.

Moreover, this seroprevalence was higher than that

showed in most studies performed in the other regions such

as Seoul, Korea (0.07%) (Noh et al. 2020), Niger State,

Nigeria (25.4%) (Majiya et al. 2020), Bonn, Germany

(0.97%) (Aziz et al. 2021) and Wuhan, China (6.92%) (He

et al. 2021).

Fig. 1 Seroprevalence of SARS-CoV-2 in 4 regional districts of

residence in Tehran in the first (A) and second six months (B) of the
study period. Variation of SARS-CoV-2 seroprevalence using IgG

and/or IgM positivity in this study was compared to the incidence and

death cases of COVID-19 reported by the Ministry of Health from all

over the country during mentioned 12 months (C). The error bars

indicate 95% confidence intervals. np: number of populations.
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Table 1 SARS-CoV-2 IgM and IgG seroprevalence based on the age groups and sex from May 1 2020 to April 30 2021 in Tehran, Iran.

Time period and age groups Number of IgM positive cases

n/N

P value Number of IgG positive cases

n/N

P value

Male Female Total Male Female Total

May–June 2020 Under 18 1/51

(1.96%)

0/32

(0.0%)

1/83

(1.2%)

0.42 3/51

(5.8%)

5/32

(15.6%)

8/83

(9.6%)

0.26

19–34 3/103

(12.5%)

2/71

(2.8%)

5/174

(2.8%)

0.65 10/103

(9.7%)

3/71

(4.2%)

13/174

(7.4%)

0.38

35–49 5/141

(3.5%)

5/67

(7.4%)

10/208

(4.8)

0.34 12/141

(8.5%)

2/67

(2.9%)

14/208

(6.7%)

0.15

50–64 3/40

(7.5%)

5/42

(12%)

8/82

(9.8%)

0.5 7/40

(17.5%)

11/42

(26.1%)

18/82

(21.9%)

0.34

C 65 1/14

(7.14%)

1/12

(8.3%)

2/26

(7.7%)

0.9 1/14

(7.1%)

2/12

(16.6%)

3/26

(11.5%)

0.5

July–August 2020 Under18 1/67

(1.4%)

3/67

(4.4%)

4/135

(3%)

0.8 16/67

(23.8%)

10/67

(14.9%)

26/135

(19.2%)

0.5

19–34 15/171

(8.8%)

12/196

(6.1%)

27/363

(7.4%)

0.3 21/171

(12.2%)

18/196

(9.1%)

39/363

(10.7%)

0.6

35–49 43/217

(19.8%)

20/209

(9.5%)

63/426

(15%)

0.01 47/217

(21.6%)

40/209

(19.1%)

87/426

(20.4%)

0.7

50–64 22/104

(21%)

20/103

(19%)

42/207

(20%)

0.7 36/104

(34.6%)

30/103

(29.1%)

66/207

(31.8%)

0.2

C 65 6/38

(15.7%)

13/52

(25%)

19/90

(21%)

0.4 10/38

(26.3%)

21/52

(40.3%)

31/90

(34.4%)

0.16

September–October 2020 Under18 9/67

(13%)

1/57

(1.8%)

10/124

(8%)

0.02 19/67

(28.3%)

11/57

(19.2%)

30/124

(24.1%)

0.29

19–34 33/187

(17.7%)

29/204

(14.2%)

62/391

(15.8%)

0.12 50/187

(26.7%)

60/203

(29.5%)

110/390

(28.2%)

0.07

35–49 50/234

(21.3%)

45/211

(21.3%)

95/445

(21.3%)

0.6 73/234

(31.1%)

74/211

(35%)

147/444

(33%)

0.52

50–64 37/114

(32.4%)

42/151

(27.8%)

79/265

(29.8%)

0.12 43/114

(37.7%)

65/151

(43%)

108/265

(40.7%)

0.61

C 65 39/79

(49.3%)

22/85

(25.8%)

55/164

(33.5%)

0.03 38/79

(48%)

34/85

(40%)

72/164

(43.9%)

0.38

November–December 2020 Under18 4/33

(12.1%)

3/27

(11.1%)

7/60

(11.6%)

0.9 11/33

(33.3%)

7/27

(25.9%)

18/60

(30%)

0.51

19–34 27/134

(20.1%)

16/157

(10.1%)

43/291

(14.7%)

0.07 53/134

(39.5%)

54/157

(34.3%)

107/291

(36.7%)

0.51

35–49 34/170

(20%)

35/181

(19.3%)

69/351

(19.6%)

0.98 61/170

(35.8%)

86/181

(47.5%)

147/351

(41.8%)

0.04

50–64 37/106

(34.9%)

45/154

(29.2%)

82/260

(31.5%)

0.62 61/106

(57.5%)

82/154

(53.2%)

143/260

(55%)

0.76

C 65 31/53

(58.4%)

28/59

(47.4%)

59/112

(52.6%)

0.33 41/53

(77.3%)

36/59

(61%)

77/112

(68.7%)

0.08

January–February 2021 Under18 0/12

(0%)

0/8

(0%)

0/20

(0%)

0.4 3/12

(25%)

2/8

(25%)

5/20

(25%)

1

19–34 4/36

(11.1%)

1/40

(2.5%)

5/76

(6.5%)

0.09 13/36

(36.1%)

15/40

(37.5%)

28/76

(36.8%)

0.83

35–49 6/43

(13.9%)

3/60

(5%)

9/103

(8.7%)

0.11 17/43

(39.5%)

16/60

(26.6%)

33/103

(32%)

0.38

50–64 2/26

(7.6%)

5/37

(13.5%)

7/63

(11.1%)

0.75 9/26

(34.6%)

15/37

(40.5%)

24/63

(38%)

0.22

C 65 3/11

(27.2%)

3/21

(14.2%)

6/32

(18.7%)

0.53 6/11

(54.5%)

10/21

(47.6%)

16/32

(50%)

0.71
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It is worth noting that, populations in most of the

mentioned researches were randomly selected. However, in

this research, all participants were referred to private lab-

oratories to evaluate the humoral immunity against SARS-

CoV-2, which might mean that they had a known exposure

to SARS-CoV-2 or presented suspicious clinical features of

COVID-19. Consequently, the results might not mirror the

normal population and it should have overestimated the

seroprevalence of SARS-CoV-2 in Tehran.

A remarkable point is that, SARS-CoV-2 seroprevalence

in different researches is affected by the time periods of the

study. As time covers the pandemic, the rate of sero-

prevalence increases. This rise was shown in the present

study as well. During May 1 to October 31, 2020, preva-

lence of antibodies against SARS-CoV-2 in the south of the

city was higher (151/502, 30%) than that in the north (186/

960, 19%), which might be due to divergent lifestyles,

density of population and socioeconomic status in the south

and north of Tehran. However, during November 1, 2020

to April 30, 2021, extensive seroconversion in the north,

west and east of Tehran was noted. These increases in

mentioned regions could be attributed to the third wave of

COVID-19 circulation which was greater than the first two

waves and UK B1.1.7 variant circulation in Tehran. Given

the high transmissibility of this variant, it could cause the

raise of SARS-CoV-2 seroprevalence during the last three

months (February to April) in Tehran (The data was shown

in Fig. 1) It is worth mentioning that comparison of sero-

prevalence in the south of Tehran between mentioned

periods of time revealed no changes (Fig. 1A and 1B). This

constancy might be caused by the level of herd immunity

which raised up in the south of the city sooner than the

other regions.

In conclusion, this study was the first report of SARS-

CoV-2 IgG and IgM seroprevalence in four regional dis-

tricts of Tehran, Iran. The results showed from May 1,

2020 to April 30, 2021, the last 12 months before the start

of the vaccination campaign, the seroprevalence of SARS-

CoV-2 has increased in the city. However, the level of

SARS-CoV-2 seropositivity was not sufficient to stop virus

circulation and avoid the next COVID-19 incidence peak.

During the coming months, the level of seropositivity

would be increasing by natural infection and vaccination.
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