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Abstract:
Background:

The aim of this study was to estimate the seroprevalence of SARS-CoV-2 infection in a general population from Kermanshah province, Iran.

Methods:

The present study was a population-based cross-sectional design conducted in Kermanshah province in 2020. Sampling was performed in a multi-
stage process, and 1967 participants were considered, and also 174 interviewers were assigned to collect data online. Then, 5 mL of blood sample
was taken from every participant. The blood samples were centrifuged with the ELISA method to detect SARS-CoV-2-specific IgG and IgM
antibodies in serum samples. Seropositive prevalence was adjusted by means of survey analysis. Case fatality rate (CFR) and infection fatality rate
(IFR) were estimated.

Results:

A total of 1967 people from 14 cities of the province participated in the study. The mean age of participants was 35.7+16.9, and 50.4% were
female. The lowest and highest seroprevalence was found in the cities of Paveh (2.3% [0.3- 4.2]) and Harsin (61.6% [54.7-68.5]), respectively.
The CFR and IFR in men and women were 3.4 vs. 3.3 and 0.1 vs. 0.3. The aged 60 years or older had the highest CFR and IFR with 11.2 and 3.7%,
respectively.

Conclusion:

The prevalence of SARS-CoV-2 infection and IFR among the general population of Kermanshah province was 18.3 and 0.3%, respectively. The
results of this study can assist the policymaker in assessing risk factors, and transmission dynamics of SARS-CoV-2 in a population and
implementing preventive and control interventions.
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1. INTRODUCTION

The 2019 coronavirus disease (COVID-19) pandemic is
caused by a novel coronavirus named “Severe Acute
Respiratory Syndrome Coronavirus 2” (SARS-CoV-2) and has
become a major worldwide challenge since December 2019
[1]. The person-to-person transmission of COVID-19 occurs
during the pre-symptomatic phase through direct contact or
droplets [2 - 4]. Because asymptomatic cases can spread the
infection in the population [5], the probability of transmission
in the pre-symptomatic phase of this infection has led to
challenges in controlled measures [6, 7]. Although Reverse
Transcription of the Polymerase Chain Reaction (RT-PCR) is
currently considered the “standard test” for diagnosing SARS-
CoV-2 infection [8], studies have shown a significant number
of asymptomatic or subclinical individuals remain undetected
by RT-PCR. Thus, it is likely that the actual number of people
exposed or infected are underestimated [9 - 11]. Due to the
high proportion of asymptomatic and mild infections, it is
difficult to estimate the true prevalence of the infection and its
mortality rate [12].

Serological tests are important diagnostic methods,
especially in patients with mild to moderate infected cases. The
use of serological antibody tests, including immunoglobulin G
(IgG) and M (IgM) can help estimate the true number of
COVID-19 infections [13, 14]. The detection of SARS-CoV-2
specific IgG and IgM in blood serves as a method for
determining whether the individual has been infected recently
(IgM) or earlier (IgG); IgM usually increases after seven days
of infection before increasing IgG. IgG is a longer-lasting
antibody which develops 15 to 30 days after the onset of
infection [11, 15]. Notably, several studies have reported that
approximately 38 to 48% of the population with seropositivity
had no symptoms of Covid-19 [16 - 18]. Therefore, the
identification of IgM and IgG antibodies against SARS-CoV-2
can be considered a complementary method for diagnosis and
play a significant role in assessing immune responses against
SARS-CoV-2 infection. Furthermore, due to the persistence of
antibodies to SARS-CoV-2 (mainly IgG) after virus clearance,
a serological method provides accurate data to estimate the
prevalence of SARS-CoV-2 infection and exposure to it in a
population. Given that the seroprevalence of infection reflects
the immune status of individuals or the community [19], it can
assist policymakers in designing and implementing prevention
interventions, quarantine, and predicting medical facilities.
Therefore, the aim of this study was to evaluate the
seroprevalence of SARS-CoV-2 infection in the general
population of Kermanshah province in 2021.

2. MATERIALS AND METHODS

2.1. Study Design and Study Setting

The present study was a population-based cross-sectional
design to estimate the seroprevalence of antibodies against
SARS-CoV-2 in Kermanshah province from November 15th to
December 20th, 2020. Kermanshah province is one of the 31
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provinces of Iran located in the west of Iran and composed of
fourteen districts. According to the 2016 census, the general
population of Kermanshah is about 2 million people, and the
inhabitants are scattered over 24,998 km’.

2.1.1. Sample Size and Sampling Strategy

The sample size of this study was calculated as follows the
formula:

n=z" (p (1-P)/d*) = 1990
Z.: for 95% confidence level is 1.96

P: Prevalence of positive COVID-19 based on the results
of previous seroepidemiological studies in Kermanshah (15),
which was 15%.

d: d is the absolute precision, also called the margin of
error, which was taken into account in a study of one-quarter of
the prevalence, which was 0.0157.

Finally, considering the high population of Kermanshah
city as the capital of the province, 700 people were assigned to
it, and 100 people were considered for each of the other 13
cities.

The first classification stage is based on geographical
location and determining regions. The second stage of the
quota sample: according to the population of each region, the
city (town and village) of each section was determined. The
third stage of systematic sampling: Based on the cumulative
list (population) of health centers and houses in each city, the
centers in which the sample was placed were determined in a
systematic method. Fourth step: In the health centers, based on
the list of households, the head of the cluster was randomly
determined, and according to the place of residence of the head
of the cluster, 9 neighboring households were also added. After
selecting the head of the cluster, a phone call was made to the
family through the health care/health care provider, and based
on the family's desire, the questionnaire was completed by
inviting them to the center or visiting them at home. In case of
the unwillingness of the household, it was replaced from the
same place of the household. The required number of samples
was divided into clusters of 10 people, 2000 samples included
200 clusters, and to select the head of each cluster, 10 samples
(5 women and 5 men) were selected from the age groups of
15-29, 30-49 and over 50 years. Unfortunately, 25% of the
selected individuals were reluctant to participate and were
consequently replaced. In total, data were collected from 1967
participants. All study participants provided written informed
consent; for participants <18, consent was obtained from their
parents or guardians.

2.2. Data Collection and Research Instrument

Demographic and epidemiological data were collected by
employing World Health Organization (WHO) approved
questionnaire and translation into the Persian language. This
questionnaire has already been used elsewhere [16]. This
questionnaire was designed to include questions on
demographics (personal information, age, sex, city, rural/urban,
job, education, height, weight, blood group, family size, role in
the family), history of infection (self-reported history of
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infection, Physician's diagnosis of COVID-19 infection,
diagnosis method, admission history, close contact, smoking,
alcohol consumption, opium use,...), symptoms (cough,
sputum cough, hemoptysis, fever, chills, sore throat, headache,
distress, diarrhea, loss of smell, loss of taste, nausea, vomiting,
weakness, muscular pain, convulsions, chest pain, runny nose,
consciousness, anorexia, dermatitis, plegia, and others),
underlying diseases (CVDs, hypertension, COPD, asthma,
obesity, fatty liver, cirrhosis, malnutrition, IBD, hepatitis B,
hepatitis C, autoimmune hepatitis, HIV/AIDS, renal failure,
dialysis, thalassemia, hemophilia, dementia, MS, cancer, organ
transplants, and other), and protocol compliance (face mask
use, skin disinfectant use, hand washing, receiving hospital
services, visiting clinic/emergency room, school/university,
living in elderly care center, use of vehicles, participation in
communities, maintaining physical distance,...). People were
invited by telephone to participate in the study, and if they
agreed to participate in the study, they were questioned by the
interviewers (174 people) with a tablet and their information
was recorded online. Collected data were linked to the covid
registry system in order to obtain a history of infection and date
of infection. A history of infection means having a positive
RT-PCR or CT scan with symptoms of COVID-19.

2.3. Inclusion and Exclusion Criteria

All individuals were brought into the study regardless of
previous COVID-19 infection history. The exclusion criterion
consisted of the unwillingness to participate in the study,
inability to answer the questions, and residence in that area for
less than a year.

2.4. Lab Data

After the interview, 5 mL of blood sample was taken from
every participant. The blood samples were centrifuged, and the
serums were separated and immediately stored at -80 °C.
According to the manufacturer's instructions, detecting SARS-
CoV-2-specific IgG and IgM antibodies in serum samples was
performed by using enzyme immunoassay (ELISA) and assay
(PISHTAZTEB, Tehran, Iran) [20].

All blood samples were tested in the central laboratory of
Kermanshah  University of Medical Sciences. The
manufacturer-reported sensitivity of the SARS-CoV-2 IgM
ELISA capture kit was 30.7%, 85.4%, and 78.4%, respectively,
in samples taken 0-6, 7-14, and more than 15 days from
symptom onset and a specificity of 99.4% [20]. The sensitivity
and specificity of the ELISA kits were, respectively, 94.1% and
98.3% for the SARS-CoV-2 IgG indirect ELISA kit. The
seroprevalence of COVID-19 was adjusted for test
performance. Results were interpreted as follows: cutoff index
<0.9, negative and cutoff index >1.1, positive for anti-SARS-
CoV-2 antibodies. The definition of seroprevalence in our
project is IgG or IgM positive. IgM indicates a recent infection
and IgG indicates a history of infection. Also, the infection
fatality ratio (IFR) and case fatality ratio (CFR) defines the risk
of death per infection and per case, respectively. Trained
professionals did all the steps considering appropriate
distancing, and all participants used the recommended personal
protective equipment.
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2.5. Statistical Analysis

Variables were presented as numbers (percentages)
between the subgroups of demographic and seropositivity
prevalence. Seropositivity prevalence was indicated by percent
and a 95% confidence interval. Since participants were
recruited from different localities, the cities were considered
sampling units, and their clustering effects were adjusted using
survey analysis.

Morbidity and death were extracted from the covid registry
system according to sex, age, and city in Kermanshah
provinces. Also, the infection in the population was estimated
to consider the seropositivity and case fatality rate and
infection fatality rate as calculated. The Stata software version
14 was used for statistical analysis. Plus, In the course of the
analysis, implausible range data and outliers were taken into
consideration in Excel version 2019. Outliers are data points
that are far from other data points and implausible ranges are
unusual values in a dataset.

2.6. Ethical Issue

This study was performed according to the principles
expressed in the Declaration of Helsinki and was approved by
the Deputy of the Research and Ethics Committee of
Kermanshah University of Medical Sciences (Iran) (ID:
IR.KUMS.REC.1399.565).

3. RESULTS

Kermanshah province has experienced three peaks of the
COVID-19 epidemic so far, and according to prediction, the
fourth peak is also possible (Fig. 1). A total of 1967 people
from 14 cities of the province participated in the study during
the third peak. 25% of the selected individuals were reluctant
to participate and were consequently replaced. The mean age of
participants was 35.7£16.9, and 50.4% of participants were
female.

Table 1 shows the seroprevalence of SARS-CoV-2-specific
antibodies according to the demographic characteristics of the
population under study. The seroprevalence of I1gG or IgM
antibodies in men and women was 184 (18.6) and 214 (21.9),
respectively. The highest seroprevalence of IgG or IgM was
observed in individuals aged 60 years or older (22.3%) but not
much different from other age groups. One hundred twenty-six
participants had a history of Covid 19, 50% of whom had IgG
or IgM antibodies. Also, 11.9% of them had high IgM
antibodies, which is a sign of a recent infection. The
seroprevalence of IgG or IgM in the urban population was
higher than rural population (22.8 vs. 15.3%) and this
difference is statistically significant (p=<0.001). Also, serum
prevalence based on a history of close contact, previous
infection, and symptoms were 20.8, 4.0, and 29.2 percent,
respectively. These differences are statistically significant
(p=<0.001)

Fig. (2) shows the sample size and seroprevalence of
SARS-CoV-2-specific IgG and IgM antibodies. As can be
seen, the lowest IgM, IgG, IgM and IgG, and IgM or IgG
seroprevalence was found in Paveh, 0.5, 1.8, 0, and 2.3,
respectively. On the other hand, the highest IgM
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seroprevalence was found in Sahneh (11.9% [7.5-16.3]) and
Songhor (5% [5-18.7]) cities. Also, the highest IgG
seroprevalence was found in Harsin (59.7% [50.1-69.4]). In
addition, the highest seroprevalence of SARS-CoV-2-specific
IgG and IgM and IgM or IgG antibodies were related to
Songhor (8.3% [1.4—15.2]) and Harsin (61.6% [54.7-68.5]);
respectively.

Table 2 demonstrates the Case Fatality Rate (CFR) and
Infection Fatality Rate (IFR) in the population under study

Shadmani et al.

based on sex, age, and city. As illustrated, the CFR and IFR in
men and women were 3.4 vs. 3.3 and 0.1 vs. 0.3, respectively.
The highest CFR and IFR were observed in individuals aged 60
years or older, with 11.2 and 3.7%, respectively. In addition,
the highest and lowest rates of CFR were found in Dallaho and
Salas Bababjani cities, with 6 and 2.1%, respectively.
Likewise, the highest and lowest rates of IFR were found in
Gilan Gharb and Salas Bababjani cities, with 0.8 and 0%,
respectively.

Table 1. Participant's characteristics and seroprevalence of severe acute respiratory syndrome coronavirus 2-specific IgG

and IgM antibodies.
Variable Categories No. 0f§ ubjects | Only IgM(95% | Only IgG(95% (Simllglll:/:u?::uls;ggs% lgMoor 12G g)-: ?;lll\/el
(%) (&i)) (§) on Os% Ch | 00oG
Sex Female 991 (50.4) 32(3.2) 173 (17.5) 21 2.1 184 (18.6) 0.06
Male 976 (49.6) 57 (5.8) 193 (19.8) 36 (3.7) 214 (21.9)
<15 242 (12.3) 11 (4.5) 47 (19.4) 6(2.4) 52 (21.5)
Age 15-45 1135 (57.7) 43 (3.8) 203 (17.9) 25(2.2) 221 (19.5) 075
45-60 397 (20.2) 18 (4.5) 77 919.4) 13(3.3) 82 (20.6)
>=60 193 (9.8) 17 (8.8) 39(20.21) 13 (6.7) 43 (22.3)
Illiterate 231 (11.7) 13 (5.6) 42(18.2) 8(3.5) 47 (20.35)
LZ?;I?;Z a 916 (46.6) 45 (4.9) 165 (18.0) 28 (3.0) 182 (19.9)
Education Diploma 539 (27.4) 20 3.7) 103 (19.1) 12(2.2) 111 (20.6) 0.99
Bs 230 (11.7) 6(2.6) 44 (19.1) 4(1.7) 46 (20.0)
MSc and over 51(2.6) 5(9.8) 12 (23.5) 5(9.8) 12 (23.5)
Homemaker 684 (34.8) 24 (3.5) 117 (17.1) 16 (2.3) 125 (18.2)
Providing services| 596 (30.2) 35 (5.8) 128 (21.5) 34(5.7) 139 (23.3) 0.41
Job Military staff 13 (0.7) 0(0.0) 4(30.8) 0(0.0) 4(30.8)
Healthcare staff 17 (0.9) 2(11.7) 3(17.6) 0(0.0) 5(29.4)
Other 657 (33.4) 28(4.3) 114 (17.3) 62 (9.4) 125 (19.0)
Previous Yes 126 (6.4) 15 (16.8) 61 (16.6) 13 (22.8) 63 (4.0) 0,001
infection No 1841 (93.6) 115(5.9) 65 (4.0) 113 (5.9) 63 (15.8)
Urban 1287 (65.4) 59 (4.6) 279 (21.7) 44 (3.4) 294 (22.8)
Residence type
Rural 680 (34.6) 30 (4.4) 87 (12.8) 13 (1.9) 104 (153) | <0.001
Close contact Yes 200 (10.2) 18 (9.0) 80 (21.8) 15 (26.3) B30y | oo
No 1767 (89.8) 182 (9.7) 120 (7.5) 185 (9.7) 117 (7.5)
< 250 (12.7) 10 (4.0) 47 (18.8) 702.8) 50 (20.0)
Family size 7-Feb 1624 (82.6) 75 (4.62) 298 (18.35) 48 (3.0) 325 (20.0) 0.54
>=7 93 (4.7) 4(43) 21 (22.6) 2.1 23 (24.7)
Yes 104 (5.3) 4(4.5) 15 (4.1) 1(0.2) 18 (4.5)
Smoking 0.44
No 1863 (94.7) 100 (5.3) 89 (5.5) 103 (5.4) 86 (5.5)
Alcohol Yes 11 (0.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.09
consumption No 1956 (99.4) 11 (0.6) 11 (0.7) 11 (0.6) 11 (0.7)
Yes 42 (2.1) 2(4.7) 6(14.3) 0(0.0) 8 (19.0)
Opium Use 0.84
No 1925 (97.9) 40 (2.1) 36(2.2) 42(2.2) 34(22)
Having Yes 363 (18.45) 16 (4.4) 102 (28.1) 12 (3.3) 106292 | o
symptoms No 1604 (81.5) 347 (18.5) 261 (16.3) 351 (18.4) 257 (16.4)
Comorbidity Yes 342 (17.4) 15 (16.8) 65 (17.8) 11(19.3) 69 (17.3) 097
No 1625 (82.6) 327 (17.4) 277 (17.3) 331 (17.3) 273 (17.4)
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Fig. (1). Time trend of COVID-19 epidemic in Kermanshah province.
Table 2. Case fatality rate and infection fatality rate.
. o Estimation of Infection in the Case Fatality | Infection Fatality
- * *
Categories Morbidity *| Death Population® Rate Rate
S Female 17970 (42.9)| 587 (41.6) 179382 (45.4) 33 0.3
ex
Male 23949 (57.1)| 823 (58.4) 988015 (54.6) 34 0.1
<15 835 (2.0) 19 (1.4) 91526 (23.2) 2.3 0
A 15-45 22492 (53.6)| 113 (8.0) 195000(49.5) 0.5 0.1
e
§ 45-60 9091 (21.7) [ 217 (15.4) 78828 (20.0) 2.4 0.3
>=60 9501 (22.7) |1061 (75.2) 28498 (7.3) 11.2 3.7
41919 1410 357295 3.4 0.3
Eslam Abad GHarb| 2820 (6.7) | 156 (11.1) 21695 (5.0) 5.5 0.7
Paveh 1359(3.2) | 61(4.3) 13899 (3.2) 4.5 0.4
Salas Bababjani | 439 (1.0) 9(0.6) 46141(1.0) 2.1 0
Kermanshah 25550 (61.0)| 704 (49.9) 220000 (51.0) 2.8 0.3
Javanrood 1476 (3.5) | 36(2.6) 25807 (5.9) 2.4 0.1
Dallaho 419 (1.0) | 25(1.8) 4570 (1.0) 6 0.5
Kermanshah
Province Sarpol Zahab 1671 (4.0) | 56 (4.0) 21335 (4.9) 3.4 0.3
Sahneh 1107 (2.6) | 45(3.2) 10755 (2.5) 4.1 0.4
Ravansar 752 (1.8) | 39(2.8) 8817 (2.0) 5.2 0.4
Gilan Gharb 1052 (2.5) | 55(3.9) 6499 (1.5) 5.2 0.8
Kangavar 1446 (3.4) | 75(5.3) 20350 (4.7) 5.2 0.4
Ghasr Shirin 435 (1.0) 17(1.2) 3158 (0.07) 3.9 0.5
Songhor 1926 (4.6) | 56 (4.0) 21722 (5.0) 2.9 0.3
Harsin 1467 (3.5) | 76 (5.4) 42264 (11.2) 5.2 0.2

Note: * Morbidity and death were extracted from the covid registry system by sex, age and city in Kermanshah province $ Estimation of infection in the population with
seropositivity result (IgM or IgG positive)
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Fig. (2). Sample size and seroprevalence percentage of SARS-COV-2-specific IgG and IgM of patients’ antibody in different cities.

The results of this study also showed the self-report for
morbidity, history of close contact, close contact with a family
member with a seropositive test and a history of the previous
infection was 126 (6.4), 200 (10.2), 182 (9.25%), respectively.
In addition, 150 (41.3%) and 81 (23.7%) of these subjects had
at least one symptom of coronavirus and at least one
underlying disease, respectively. In people with a seropositive
test or history of the previous infection, 126 (6.4%) were
diagnosed by a physician, and 6 (0.3%) had a history of
hospital admission.

4. DISCUSSION

This study aimed to determine the SARS-CoV-2 antibody
seroprevalence in western Iran's general population of
Kermanshah province. IgM and IgG antibodies are often
developed simultaneously against SARS-CoV-2 in the early
stage of the disease; however, those could be detected only in
12.5% of patients on the first day of hospitalization [20]. IgG
and IgM levels peak thirty days after the onset of symptoms,
then IgM begins to decline, and by the third month, 30% of
patients' tests are negative. IgG levels will be high for up to 3
months and drop dramatically in the seventh month [20, 21].
On the other hand, seroconversion depends on several factors,
including age, gender, the severity of the disease, and the
underlying diseases [22]. This finding suggests that
simultaneous detection of IgM and IgG antibodies against
SARS-CoV-2 could be a way to improve the diagnosis of
infection.

This study is the first population-based serological survey
for both active and past SARS-CoV-2 infections in
Kermanshah province and has estimated the seroprevalence of

1gM or IgG of 18.3 (95% CI: 13.7- 22.7) by late December
2020 (during the third peak). In the present study, a
geographical variation was observed in estimating the
seroprevalence, which ranged from 2.3 to 61.6%. Our
seroprevalence estimate was less than that reported from
Semnan (19.3%, 95% CI, 14.0-26.7) in late June 2020 [14] and
more than Mazandaran's 15.26% (95% CI: 12.97%-17.79%) in
May 2020 [15]. Between April 17th and June 2nd, 2020, in a
large and population-based seroprevalence study using
obtained sera samples from 5372 individuals with a high risk of
exposure to SARS-CoV-2 and 3530 individuals from the
general population in 18 cities in 17 Iranian provinces, adjusted
seroprevalence was estimated 20% (18.5-21.7) and 17.1%
(95% CI 14.6-19.5) ranged from 72.6% (95% CI: 53.9-92.8)
to 1.7% (95% CI: 0-0-6-0), respectively [16]. In the above
study, the seroepidemiology of the SARS-CoV-2 in
Kermanshah city, the capital of the province, in the general
population and high-risk groups were 17.3% (95% CI:
5.3-30.9) and 11.9 (95% CI: 7.6-16.4); respectively [16].

A large percentage of Kermanshah residents adhere to the
protocols so during the study period, 83% of participants
always used masks, 12% occasionally, and only 5% did not use
masks. The corresponding values for adherence to physical
distancing were 68%, 19%, and 13%. Also, 90% of the
participants reported not participating in any gatherings.
However, according to the results of this study, almost one-
fifth of the residents of the Kermanshah province have
experienced COVID-19, which is not enough to achieve herd
immunity.

To estimate COVID-19 transmission from asymptomatic
individuals, an estimation of the asymptomatic rate seems
necessary. We found that almost one-sixth of seropositive
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individuals did not report COVID-19-related symptoms, and
almost 80% did not report contact with an individual with a
confirmed COVID-19 infection. The rate of asymptomatic
infections ranged from 6.3% to 96.0% in a systematic review
[21]. Therefore, seroprevalence studies may be helpful tools for
understanding the prevalence of COVID-19 infection in
populations where the large majority of individuals are
asymptomatic.

We found that the seroprevalence of IgM or IgG among
males was 21.9%, which was numerically higher than females
with 18.6%. Other studies in Italy [17] and the United Arab
Emirates [22] showed that seroprevalence was higher in males
than in females. In contrast, a population-based nationwide
survey in Iran showed weighted seroprevalence is higher in
females than in males (13.2%, 11.1-15.3 vs. 12.5%, 10.5-14.7)
[16]. A systematic review and meta-analysis conceded that the
seroprevalence does not differ significantly between males and
females [18]. However, demographic and social factors may
profoundly influence mobility across cultures. Hence higher
incidences of SARS-CoV-2 infection may be related to
mobility function rather than age and gender. We observed a
similar prevalence between individuals in the age group 0-19
and the older age group, which was consistent with the
previous reports [19].

Some studies have reported an increased risk of COVID-19
infection among working-aged populations [23, 24]. Though
the risk of severe illness or death with COVID-19 increases
with age [25], we found the risk of death increase with age.
The authors also failed to find evidence that the infection rates
differ by education, household size, or comorbidity; However,
the infection rates were higher among healthcare workers [26,
27], which was inconsistent with other studies in Iran and the
world.

We estimated IFR = 0.3%, which was higher than the rates
estimated for South India (0.13%) [24] and the Maranhéo in
Italy (14%) [28]. Estimating IFR is a challenge as it will
depend on the sensitivity and specificity of the test used, age
structures, different processes of testing and reporting death,
and selective testing of high-risk populations. Therefore, IFR is
considerably different across populations.

It is noteworthy that at the time of performing the study,
vaccination against COVID-19 had not started in the country,
and the first vaccination began on February 20th, 2021, with
the priority on medical staff, the elderly population, and high-
risk groups. Due to the deficiency of vaccines in Iran,
vaccination is slow, and it is challenging to achieve herd
immunity through vaccination. However, based on our results,
it is estimated that one-fifth of the province's population has
been exposed to the SARS-CoV-2 infection, and this number
has undoubtedly slightly increased since the survey was
completed last December 2020. Although IgG and neutralizing
antibodies induced by SARS-CoV-2 infection are protective,
several studies have reported subsequent SARS-CoV-2
infection [29, 30]. Nevertheless, Letizia ef al. observed that the
risk of COVID-19 is five times higher for seronegative young
adults than for those with seropositivity [31]. However, the
duration of immunity against COVID-19 in seropositive
individuals remains uncertain, and protection may decline over
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time.

This study has several limitations. As mentioned earlier,
25% of those invited were reluctant to participate in the study
and were replaced. In addition, data regarding risk factors such
as comorbidity, symptom-related COVID-19, history of contact
with COVID-19-confirmed individuals and illnesses were
based on self-reporting. On the other hand, this study was
performed on a large sample size (1967 participants) with high
generalizability. Also, participants in all age groups and
proportion to size were investigated, which can be the strength
of this research.

CONCLUSION

In conclusion, the prevalence of SARS-CoV-2 infection
and IFR in the general population of Kermanshah Province at
the end of the third wave of SARS-CoV-2 were 18.3 (13.7-
22.7) and 0.3%; respectively. The results of this study can
assist the policymaker in assessing risk factors, transmission
dynamics of SARS-CoV-2 in a population, and implementing
preventive and control programs.

ETHICS APPROVAL AND
PARTICIPATE

CONSENT TO

The study was approved by the Deputy of the Research and
Ethics Committee of Kermanshah University of Medical
Sciences (Iran) (ID: IR. KUMS.REC.1399.565).

HUMAN AND ANIMAL RIGHTS

No animals were used for studies that are the basis of this
research. All the humans were used in accordance with the
ethical standards of the committee responsible for human
experimentation (institutional and national), with the Helsinki
Declaration of 1975, as revised in 2013
(http://ethics.iit.edu/ecodes/node/3931).

CONSENT FOR PUBLICATION

All study participants provided written informed consent;
for participants <18, consent was obtained from their parents or
guardians.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS

The data supporting the findings of the article is available
in the Kermanshah Health Observatory at
http://digit.kums.ac.ir/q/3010424.html. The corresponding
author has access to the data.

FUNDING

The study was supported by the Deputy of Research of
Kermanshah University of Medical Sciences, Kermanshah,
Iran.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or


http://ethics.iit.edu/ecodes/node/3931

8 The Open Public Health Journal, 2023, Volume 16

otherwise.

ACKNOWLEDGEMENTS

Declared none.

LIST OF ABBREVIATIONS

COVID-19 = Coronavirus Disease

SARS-CoV-2 = Severe Acute Respiratory Syndrome Coronavirus 2

RT-PCR

Reverse Transcription of the Polymerase Chain
Reaction

REFERENCES

[11

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk
factor clusters in 21 regions, 1990-2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012; 380(9859):
2224-60.
[http://dx.doi.org/10.1016/S0140-6736(12)61766-8]
23245609]

Chan JFW, Yuan S, Kok KH, ef al. A familial cluster of pneumonia
associated with the 2019 novel coronavirus indicating person-to-
person transmission: a study of a family cluster. Lancet 2020;
395(10223): 514-23.
[http://dx.doi.org/10.1016/S0140-6736(20)30154-9]
31986261]

Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol
generating procedures and risk of transmission of acute respiratory
infections to healthcare workers: a systematic review. PLoS One 2012;
7(4)e35797

[http://dx.doi.org/10.1371/journal.pone.0035797] [PMID: 22563403]
van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and
surface stability of SARS-CoV-2 as compared with SARS-CoV-1. N
Engl J Med 2020; 382(16): 1564-7.
[http://dx.doi.org/10.1056/NEJMc2004973] [PMID: 32182409]

Bai Y, Yao L, Wei T, et al. Presumed asymptomatic carrier
transmission of COVID-19. JAMA 2020; 323(14): 1406-7.
[http://dx.doi.org/10.1001/jama.2020.2565] [PMID: 32083643]

He X, Lau EHY, Wu P, ef al. Temporal dynamics in viral shedding
and transmissibility of COVID-19. Nat Med 2020; 26(5): 672-5.
[http://dx.doi.org/10.1038/s41591-020-0869-5] [PMID: 32296168]

Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus
disease-2019 (COVID-19): The epidemic and the challenges. Int J
Antimicrob Agents 2020; 55(3)105924
[http://dx.doi.org/10.1016/j.ijantimicag.2020.105924]
32081636]

Wu Z, McGoogan JM. Characteristics of and important lessons from
the coronavirus disease 2019 (COVID-19) outbreak in China:
summary of a report of 72 314 cases from the Chinese Center for
Disease Control and Prevention. JAMA 2020; 323(13): 1239-42.
[http://dx.doi.org/10.1001/jama.2020.2648] [PMID: 32091533]
Montenegro P, Brotons C, Serrano J, et al. Community seroprevalence
of COVID-19 in probable and possible cases at primary health care
centres in Spain. Fam Pract 2021; 38(2): 153-8.
[http://dx.doi.org/10.1093/fampra/cmaa096] [PMID: 32914857]

Choi M, Bachmann F, Naik MG, et al. Low seroprevalence of SARS-
CoV-2 antibodies during systematic antibody screening and serum
responses in patients after COVID-19 in a German transplant center. J
Clin Med 2020; 9(11): 3401.

[http://dx.doi.org/10.3390/jcm9113401] [PMID: 33114149]

Galan I, Velasco M, Casas ML, Goyanes MJ, Rodriguez-Caravaca G,
Losa JE, et al. SARS-CoV-2 seroprevalence among all workers in a
teaching hospital in spain: unmasking the risk. MedRxiv 2020.
Garcia-Basteiro AL, Moncunill G, Tortajada M, et al. Seroprevalence
of antibodies against SARS-CoV-2 among health care workers in a
large Spanish reference hospital. Nat Commun 2020; 11(1): 3500.
[http://dx.doi.org/10.1038/s41467-020-17318-x] [PMID: 32641730]
Folgueira MD, Munoz-Ruiperez C, Alonso-Lopez MA, Delgado R.
SARS-CoV-2 infection in health care workers in a large public
hospital in Madrid, Spain, during March 2020. medRxiv 2020.
[http://dx.doi.org/10.1101/2020.04.07.20055723]

[PMID:

[PMID:

[PMID:

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Shadmani et al.

Jandaghi E, Hemati M, Mohammadlou M, et al. Prevalence of
COVID-19 Virus Infection in Semnan province. Iran J Immunol 2021;
18(1): 74-81.

[PMID: 33787516]

Yazdani-Charati J, Mousavi SA, Rouhanizadeh H, er al
Seroprevalence of SARS-CoV-2 in Mazandaran province, Iran. Asian
Pac J Trop Med 2021; 14(1): 10.
[http://dx.doi.org/10.4103/1995-7645.304296]

Poustchi H, Darvishian M, Mohammadi Z, et al. SARS-CoV-2
antibody seroprevalence in the general population and high-risk
occupational groups across 18 cities in Iran: a population-based cross-
sectional study. Lancet Infect Dis 2021; 21(4): 473-81.
[http://dx.doi.org/10.1016/S1473-3099(20)30858-6]
33338441]

Stefanelli P, Bella A, Fedele G, ef al. Prevalence of SARS-CoV-2 IgG
antibodies in an area of northeastern Italy with a high incidence of
COVID-19 cases: a population-based study. Clin Microbio Infection
2021; 27(4): 633. el-e7

Lai CC, Wang JH, Hsueh PR. Population-based seroprevalence
surveys of anti-SARS-CoV-2 antibody: An up-to-date review. Int J
Infect Dis 2020; 101: 314-22.
[http://dx.doi.org/10.1016/j.1jid.2020.10.011] [PMID: 33045429]
Gonzalez F, Vielot NA, Sciaudone M, Toval-Ruiz C, Premkumar L, et
al. Seroepidemiology of SARS-CoV-2 infections in an urban
Nicaraguan population. medRxiv 2021. pre-print
[http://dx.doi.org/10.1101/2021.02.25.21252447]

kits., P.T.D.S.-C.-L.a.l.LE. Auvailable from: http://pishtazteb.com
/en/sars-cov-2-igg-elisa-kit/
http://pishtazteb.com/en/sars-cov-2-igm-elisa-kit/

He J, Guo Y, Mao R, Zhang J. Proportion of asymptomatic
coronavirus disease 2019: A systematic review and meta-analysis. J
Med Virol 2021; 93(2): 820-30.

[http://dx.doi.org/10.1002/jmv.26326] [PMID: 32691881]

Alsuwaidi AR, Al Hosani FI, Al Memari S, et al. Seroprevalence of
COVID-19 infection in the Emirate of Abu Dhabi, United Arab
Emirates: A population-based cross-sectional study. Int J Epidemiol
2021; 50(4): 1077-90.

[http://dx.doi.org/10.1093/ije/dyab077] [PMID: 33893483]

George CE, Inbaraj LR, Chandrasingh S, de Witte LP. High
seroprevalence of COVID-19 infection in a large slum in South India;
what does it tell us about managing a pandemic and beyond?
Epidemiol Infect 2021; 149: e39.
[http://dx.doi.org/10.1017/80950268821000273]

Inbaraj LR, George CE, Chandrasingh S. Seroprevalence of
COVID-19 infection in a rural district of South India: A population-
based seroepidemiological study. PLoS One 2021; 16(3): €0249247.
[http://dx.doi.org/10.1371/journal.pone.0249247] [PMID: 33788873]
Bhaskaran K, Bacon S, Evans SJW, et al. Factors associated with
deaths due to COVID-19 versus other causes: population-based cohort
analysis of UK primary care data and linked national death
registrations within the OpenSAFELY platform. Lancet Reg Health
Eur 2021; 6: 100109.

[http://dx.doi.org/10.1016/j.1anepe.2021.100109] [PMID: 33997835]
Mortezagholi S, Rostamzadeh D, Alinejad M, Younesi V, Tabarsi P,
Shabani M. Prevalence of anti-SARS-CoV-2 specific antibodies in
health-care workers compared to general population during an early
phase of the Pandemic, Tehran-Iran. Iran J Immunol 2021; 18(1):
82-92.

[PMID: 33787517]

Gholami M, Fawad I, Shadan S, et al. COVID-19 and healthcare
workers: A systematic review and meta-analysis. Int J Infect Dis 2021;
104: 335-46.

[http://dx.doi.org/10.1016/].1jid.2021.01.013]

Silva AAM, Lima-Neto LG, Azevedo CMPS, et al. Population-based
seroprevalence of SARS-CoV-2 and the herd immunity threshold in
Maranhéo. Rev Saude Publica 2020; 54: 131.
[http://dx.doi.org/10.11606/s1518-8787.2020054003278]
33331525]

Zare F, Teimouri M, Khosravi A, et al. COVID-19 re-infection in
Shahroud, Iran: a follow-up study. Epidemiol Infect 2021; 149: e159.
[http://dx.doi.org/10.1017/S095026882100087X] [PMID: 33866988]
Hansen CH, Michlmayr D, Gubbels SM, Mglbak K, Ethelberg S.
Assessment of protection against reinfection with SARS-CoV-2
among 4 million PCR-tested individuals in Denmark in 2020: A
population-level observational study. Lancet 2021; 397(10280):
1204-12.
[http://dx.doi.org/10.1016/S0140-6736(21)00575-4]

[PMID:

[PMID:

[PMID:


http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://www.ncbi.nlm.nih.gov/pubmed/23245609
http://dx.doi.org/10.1016/S0140-6736(20)30154-9
http://www.ncbi.nlm.nih.gov/pubmed/31986261
http://dx.doi.org/10.1371/journal.pone.0035797
http://www.ncbi.nlm.nih.gov/pubmed/22563403
http://dx.doi.org/10.1056/NEJMc2004973
http://www.ncbi.nlm.nih.gov/pubmed/32182409
http://dx.doi.org/10.1001/jama.2020.2565
http://www.ncbi.nlm.nih.gov/pubmed/32083643
http://dx.doi.org/10.1038/s41591-020-0869-5
http://www.ncbi.nlm.nih.gov/pubmed/32296168
http://dx.doi.org/10.1016/j.ijantimicag.2020.105924
http://www.ncbi.nlm.nih.gov/pubmed/32081636
http://dx.doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
http://dx.doi.org/10.1093/fampra/cmaa096
http://www.ncbi.nlm.nih.gov/pubmed/32914857
http://dx.doi.org/10.3390/jcm9113401
http://www.ncbi.nlm.nih.gov/pubmed/33114149
http://dx.doi.org/10.1038/s41467-020-17318-x
http://www.ncbi.nlm.nih.gov/pubmed/32641730
http://dx.doi.org/10.1101/2020.04.07.20055723
http://www.ncbi.nlm.nih.gov/pubmed/33787516
http://dx.doi.org/10.4103/1995-7645.304296
http://dx.doi.org/10.1016/S1473-3099(20)30858-6
http://www.ncbi.nlm.nih.gov/pubmed/33338441
http://dx.doi.org/10.1016/j.ijid.2020.10.011
http://www.ncbi.nlm.nih.gov/pubmed/33045429
http://dx.doi.org/10.1101/2021.02.25.21252447
http://pishtazteb.com/en/sars-cov-2-igg-elisa-kit/http://pishtazteb.com/en/sars-cov-2-igm-elisa-kit/
http://pishtazteb.com/en/sars-cov-2-igg-elisa-kit/http://pishtazteb.com/en/sars-cov-2-igm-elisa-kit/
http://pishtazteb.com/en/sars-cov-2-igg-elisa-kit/http://pishtazteb.com/en/sars-cov-2-igm-elisa-kit/
http://dx.doi.org/10.1002/jmv.26326
http://www.ncbi.nlm.nih.gov/pubmed/32691881
http://dx.doi.org/10.1093/ije/dyab077
http://www.ncbi.nlm.nih.gov/pubmed/33893483
http://dx.doi.org/10.1017/S0950268821000273
http://dx.doi.org/10.1371/journal.pone.0249247
http://www.ncbi.nlm.nih.gov/pubmed/33788873
http://dx.doi.org/10.1016/j.lanepe.2021.100109
http://www.ncbi.nlm.nih.gov/pubmed/33997835
http://www.ncbi.nlm.nih.gov/pubmed/33787517
http://dx.doi.org/10.1016/j.ijid.2021.01.013
http://dx.doi.org/10.11606/s1518-8787.2020054003278
http://www.ncbi.nlm.nih.gov/pubmed/33331525
http://dx.doi.org/10.1017/S095026882100087X
http://www.ncbi.nlm.nih.gov/pubmed/33866988
http://dx.doi.org/10.1016/S0140-6736(21)00575-4

Seroprevalence of SARS-CoV-2 Infection in Kermanshah The Open Public Health Journal, 2023, Volume 16 9

33743221] cohort study. Lancet Respir Med 2021; 9(7): 712-20.
[31] Letizia AG, Ge Y, Vangeti S, et al. SARS-CoV-2 seropositivity and [http://dx.doi.org/10.1016/S2213-2600(21)00158-2] [PMID:
subsequent infection risk in healthy young adults: A prospective 33865504]

© 2023 Shadmani et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


http://www.ncbi.nlm.nih.gov/pubmed/33743221
http://dx.doi.org/10.1016/S2213-2600(21)00158-2
http://www.ncbi.nlm.nih.gov/pubmed/33865504
https://creativecommons.org/licenses/by/4.0/legalcode

	Seroprevalence of SARS-Cov-2 Virus Infection In Kermanshah, Iran: A Population-based Cross-Sectional Study 
	[Background:]
	Background:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Study Design and Study Setting
	2.1.1. Sample Size and Sampling Strategy

	2.2. Data Collection and Research Instrument
	2.3. Inclusion and Exclusion Criteria
	2.4. Lab Data
	2.5. Statistical Analysis
	2.6. Ethical Issue

	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	LIST OF ABBREVIATIONS
	REFERENCES




