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Abstract

Background: Monitoring the spread of SARS-CoV-2 has been considered by the World Health Organization (WHO). We examined
the prevalence of anti-SARS-CoV-2 immunoglobulin antibodies in southwestern Iran in spring 2020. The circulation of SARS-CoV-2
is high in the general population, especially among health care workers (HCWs) who are in close contact with patients.
Objectives: The aim of this study was to determine the prevalence of anti-SARS-CoV-2 antigen in high-risk occupational and low-risk
groups to investigate risk factors for serum positivity in Shiraz, southwestern Iran.
Methods: A cross-sectional survey was performed on 366 participants (204 from high-risk and 162 from low-risk subjects). IgG and
IgM antibodies were detected using Pishtaz Teb COVID-19 ELISA Kits to evaluate SARS-CoV-2-antigen in serum samples. After enzyme-
linked immunosorbent assay (ELISA), serum prevalence, as well as IgG/IgM positive factors, was determined using logistic regres-
sion.
Results: From July to September 2020 (a few months after reporting the first case of COVID-19 cases in Iran), out of 366 survived
people, 72 (40.9%) were IgG positive, and 50 (27.5%) were IgM positive. The frequency of positive serology for IgG and IgM antibodies
in individuals aged < 30 years was higher in the low-risk group than in the high-risk group. Multivariate logistic regression showed
that headache (OR 0.312 [95% CI: 0.136 - 0.717]) and cough (OR 0.427 [95% CI: 0.182 - 1.004]) factors were associated with IgG or IgM
positive serology.
Conclusions: Between July and September 2020, the prevalence of anti-SARS-CoV-2 antigen was high in Shiraz. The prevalence of
SARS-CoV-2 IgG/IgM antibodies in the high-risk group and their family as low risk was shown to increase viral infection due to close
contact with COVID 19 patients than in the general population. Several factors were found to be related to the prevalence of anti-
SARS-CoV-2 antigen that needs to be considered by policymakers to determine what to do about the SARS-CoV-2 pandemic.
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1. Background

In late December 2019, COVID-19 was first reported in
Wuhan City, Hubei Province, China, causing high morbid-
ity and mortality worldwide (1, 2). COVID-19 has a wide
range of clinical severity ranging from asymptomatic in-
fections to serious consequences such as organ failure and
death (3). COVID-19 patients usually exhibit various symp-
toms, including fever, cough, muscle weakness, fatigue,
headache, chest pain, respiratory distress, pneumonia, or
death (4). However, some people infected with SARS-CoV-
2 do not progress symptoms, which is a significant source
of transmission, as well as a potential challenge to avoid
the spread of the disease within the population (5, 6).

SARS-CoV-2 reverse transcription-polymerase chain reac-
tion (RT-PCR) is a reference standard technique for diag-
nosing COVID-19. However, studies have shown that serol-
ogy tests are useful for screening IgM/IgG antibodies, im-
proving the control of asymptomatic individuals, and be-
ing, beyond any doubt, convenient public health interven-
tions (7, 8).

Among Middle Eastern countries, Iran was one of the
first countries to report SARS-CoV-2, and we saw a rapid
increase in cases over the nation. In any case, early out-
breaks within the nonappearance of a seroprevalence ap-
pear that the actual rate of disease in Iran remained ob-
scure (8, 9). From the second half of November 2020, more
than 800000 affirmed cases and 42000 COVID-19-related
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passing were reported. Early in the outbreak, 2 COVID-19-
related deaths were reported in Qom (8, 10). Because of
the high case numbers and expanded numbers of COVID-
19 patients in healing centers, prohibiting all mass gather-
ings (restaurant closures, etc.) began in February 2020. Be
that as it may, the facilitating of beginning lockdown lim-
itations in April possibly lead to the moment SARS-CoV-2
wave in different cities in June 2020. Hence, the study of
seroprevalence among the population is strongly required
to supply a sign of the extent of the population that is not
nonetheless infected and needs to arrange future medical
care.

2. Objectives

In the current study, the prevalence of SARS-CoV-2 anti-
bodies among the low-risk and high-risk individuals in Shi-
raz, Iran, was investigated in the initial wave of natural dis-
aster. In addition, we assessed the seroprevalence in indi-
viduals at high risk of close contact with COVID-19.

3. Methods

3.1. Patients

We performed a cross-sectional study (including sero-
logical tests for anti-SARS-CoV-2 antibodies) to evaluate
the seroprevalence of SARS-CoV-2 infection between the 2
groups according to the risk of exposure to COVID-19 pa-
tients (including 162 low-risk subjects who were normal
populations and 204 of COVID-19 exposure staff employed
in Namazi hospitals in Shiraz, Iran, between April and Au-
gust 2020 (2 months after reporting the first COVID-19 in-
fection cases in the country). The study was performed
at the Corona Laboratory of Microbiology Research Cen-
ter (CMRC), Shiraz University of Medical Sciences, Shiraz,
southern Iran. The Data related to age, sex, risk of exposure
to COVID-19 patients were collected in low-risk and high-
risk groups. The presence and types of signs and symptoms
of COVID-19 including cough, fever, sore throat, shortness
of breath, sneezing, nasal congestion, runny nose, vom-
iting, diarrhea, anorexia, headache, vertigo, eye redness,
muscle pain, fatigue, joint pain and shivering, experienced
during 12 weeks were collected by a questionnaire.

3.2. Sample Collection and Testing

Samples were prepared using 2 sterile Dacron separate
swabs from the throat and nose of health care workers
(HCWs) and outpatient population suspected of SARS-CoV-
2 infection. To transfer the clinical sample, a sterile virus
transport medium containing antifungal and antibacte-
rial supplements was used. We avoid repeated freezing and

thawing of the clinical sample. The sources of the data
obtained from a respective internet site of serum samples
(http://coronalab.sums.ac.ir) were collected and stored at
-70°C until we had the enzyme-linked immunosorbent as-
say (ELISA) tests available (end of August 2020). The pres-
ence of SARS-CoV-2 antibodies was assessed by IgG anti-
body detection using a set of COVID-19 commercial sero-
logic quantitative tests (antigenic target nucleocapsid pro-
tein) of SARS-CoV-2 IgM (nucleocapsid protein), including
ELISA, according to the instructions of the manufactur-
ers. Quantitative detection of both IgM and IgG antibod-
ies anti-SARS-CoV-2 was carried out using Pishtaz Teb (PT-Q
SARS-COV IgG-96 and PT-Q SARS-COV IgMcap-96, Iran) SARS-
CoV-2 ELISA Kits.

3.3. Statistical Analysis

The analysis was carried out using SPSS version 22 (SPSS
Inc., Chicago, Ill, USA). Descriptive statistics were used to
present the frequencies and percentages. The normal dis-
tribution data are presented as means and SDs. The val-
ues were analyzed using logistic regression with the cor-
responding 95% CI and chi-square (χ2) test. Finally, we as-
sessed the independent data for SARS-CoV-2 infection. P val-
ues less than 0.05 were considered statistically significant.

4. Results

Among 704 individuals who were contacted across 2
COVID-19 diagnostic centers (CMRC and PARS laboratory
center) between July to September 2020, all people first
agreed to participate in the study. However, 338 partici-
pants did not give their basic demographic data (such as
age) and symptoms and were excluded from the study.
Among the 366 individuals included in the analysis, 204
(male 44.1% and female 55.9%) had occupations with the
highest exposure to COVID-19, and 162 (male 54.3% and fe-
male 45.7%) were recruited from the general population.
The mean age was 38.28 ± 9.71 and 38.63 ± 12.32 years in
the high-risk and low-risk populations, respectively. Table
1 shows the putative characteristics of the participants by
symptom.

The seroprevalence of anti-SARS-CoV-2 antibodies was
33.33% (122/366). The immunoglobulin test for SARS-CoV-2
revealed that 50 (13.66%) and 72 (19.67%) subjects had IgG
and IgM antibodies against the virus, respectively. A total
of 26/204 (11.2%) and 28/204 (13.6%) of the high-risk group
had IgM and IgG, respectively. The low-risk group had IgM
and IgG of about 24 (14.8%) and 44 (27.2%), respectively (Ta-
ble 2). There was no significant difference between men
and women in both groups in positivity. In 122 seropositive
cases, muscle pain 78 (11%), cough 70 (9.9%), headache 68
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Table 1. Demographic Data of High- and Low-Risk Symptomatic Individuals Based on SARS-CoV-2 Seroprevalence a

Characteristics All (N = 366) High Risk (N = 204) Low Risk (N = 162)

Age range (y) 14 - 94 23 - 77 14 - 94

Sex

Men 178 (48.6) 90 (44.1) 88 (54.3)

Women 188 (51.4) 114 (55.9) 74 (45.7)

Fever 38 (10.4) 3 (1.5) 35 (21.6)

Cough 65 (17.7) 24 (11.8) 41 (25.3)

Sore throat 62 (16.9) 18 (8.8) 44 (27.2)

Shortness of breath 42 (11.5) 9 (4.4) 33 (20.4)

Sneezing 1 (0.3) 0 1 (0.6)

Nasal congestion 22 (6) 2 (1) 20 (12.3)

Runny nose 17 (4.6) 14 (6.7) 3 (1.8)

Vomiting 13 (3.5) 7 (3.4) 6 (3.7)

Diarrhea 34 (9.3) 9 (4.4) 25 (15.4)

Anorexia 8 (2.2) 0 8 (4.9)

Headache 66 (18) 30 (14.7) 36 (22.2)

Vertigo 13 (3.5) 2 (1) 11 (6.8)

Eye redness 2 (0.5) 1 (0.5) 1 (0.6)

Muscle pain 75 (20.5) 32 (15.7) 43 (26.5)

Fatigue 32 (8.7) 23 (11.3) 9 (5.5)

Joint pain 9 (2.4) 0 9 (5.5)

Shivering 32 (8.7) 3 (1.5) 29 (17.9)

a Values are expressed as No. (%).

(9.6%), sore throat 65 (9.2%), fever 40 (5.7%), and nasal con-
gestion 22 (3.1%) were the most commonly reported symp-
toms (Table 1).

The high-risk group had the highest frequency of posi-
tive IgG tests associated with age groups over 30 years. The
frequency of the positive IgM/IgG test related to the age
groups was not significantly different in the high-risk and
low-risk groups (Table 3). The multivariate logistic regres-
sion result in Table 4 showed that the most significant as-
sociation was observed between headache [OR = 0.312 (95%
CI, 0.136 - 0.717)], cough, and [OR = 0.427 (95% CI, 0.182 -
1.004)] and a positive anti-SARS-CoV-2 antibody test.

5. Discussion

This study conducted between July and September
2020 and describes the evaluated prevalence of SARS-CoV-2
antibodies in 204 high-risk (HCWs) occupations at Namazi
Hospital and also 162 low-risk individuals who referred to
the hospital’s Contagious Diseases department from the
start to the peak of the COVID-19 pandemic in Shiraz. In the

present study, the seroprevalence of SARS-CoV-2 IgG and
IgM antibodies was 26.4% among HCWs. Also, when sero-
logical results were compared with symptom results to an-
alyze active or past exposure to SARS-CoV-2, no significant
difference was observed between the high-risk and low-
risk groups. Among 204 demographically representative
high-risk individuals, there was an overall adjusted SARS-
CoV-2 seroprevalence of 0.26%. The important symptoms
associated with infection were cough, headache, and mus-
cle pain in individuals with confirmed COVID-19 infection.
In addition, seroprevalence was not significant in older
and adult populations in the high-risk group. In the study
by Mortezagholi et al., in 16.7% (5/30) whose real-time PCR
test was undetectable, their serology test was IgM/IgG pos-
itive, indicating the importance of serological and molec-
ular tests together with more efficient approaches to find-
ing the case, as in other studies were mentioned (11-14).

These results reveal that the seropositivity prevalence
of anti-SARS-CoV-2 antibodies was higher in the high-risk
group than in the normal population of southwest Iran,
which was reported to be 5.2% by Emami et al. (15). Also,
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Table 2. Serological Detection of Anti-SARS-CoV-2 Antibodies in the High-Risk and Low-Risk Groups a

Groups Total Female Male P Value

High risk (N = 204)

Positive (IgM) 26 (12.7) 13 (50) 13 (50) 1.0000

Negative (IgM) 178 (87.3) 101 (56.7) 77 (43.3) 0.077

Positive (IgG) 28 (13.7) 14 (50) 14 (50) 1.0000

Negative (IgG) 176 (86.3) 100 (56.8) 76 (43.2) 0.074

Low risk (N = 162)

Positive (IgM) 24 (14.8) 12 (50) 12 (50) 1.0000

Negative (IgM) 138 (85.2) 62 (44.9) 76 (55.1) 0.234

Positive (IgG) 44 (27.2) 21 (47.7) 23 (52.3) 0.763

Negative (IgG) 118 (72.8) 53 (44.9) 65 (55.1) 0.272

a Values are expressed as No. (%).

Table 3. Baseline Characteristics of the Study Participants According to Test Results for Seroprevalence of SARS-CoV-2 Infection a

Age Groups High Risk Low Risk P Value

IgM positive

< 30 7 (58.3) 5 (41.7) 0.875

30 - 40 6 (37.5) 10 (62.5) 0.186

40 - 50 11 (68.8) 5 (31.2) 0.646

50 - 60 2 (50) 2 (50) 0.626

> 60 0 2 (100) 0.429

IgG positive

< 30 3 (27.3) 8 (72.7) 0.037

30 - 40 12 (42.9) 16 (57.1) 0.277

40 - 50 11 (52.4) 10 (47.6) 0.217

50 - 60 2 (28.6) 5 (71.4) 0.142

> 60 0 5 (100) 0.084

a Values are expressed as No. (%).

in the study by Shakiba et al., the prevalence of anti-SARS-
CoV-2 antibodies was 22% in HCWs of Guilan Province (16).
In a study in March 2020, 6% of HCWs in 2 Dutch hospi-
tals were positive for SARS-CoV-2 infection. Shortness of
breath, fever, and coughing were observed in 92% of HCWs
(17). In another study, 249 HCWs in Nashville, Tennessee,
were examined for 1 month, of which 19 (8%) serum preva-
lence of antibodies were reported. The Lombardi et al., was
performed in an early phase (12 February to 31 March) and
revealed that 139 (8.8%) of 1573 HCWs had a positive non-
structural proteins (NSPs) (18); the Sandri et al., was con-
ducted between 28 April and 16 May and detected a similar
prevalence (8%) in 2872 HCWs of 3 hospitals for SARS-CoV-2
antibodies (19, 20). These studies are in line with our study.

In the present study, IgM and IgG-specific SARS-CoV-2

antibodies were found to be present in 24 and 44% of the
general population as a low-risk group, respectively. As
the level of precaution for HCW was higher than that of
the general population, the lower SARS-CoV-2 seropreva-
lence seems rational. We find that the prevalence was sim-
ilar among males and females in the general population.
Other study investigated among the general population
and estimated that the prevalence of anti-SARS-CoV-2 anti-
bodies obtained 2.7% in Milan, Italy (21), 5% in Spain (22)
7.6% in Daegu, South Korea (23), 4% in California (21) and
1.7% in Luxembourg (24). In similar studies in Pakistan
(25) and Spain (26), the seroprevalence was 8.3 and 9.3%,
respectively. Overall, 366 subjects (74.59%) reported suffer-
ing from at least one of the COVID 19 symptoms. The most
recent symptoms significantly related to COVID-19 in the 2

4 Jundishapur J Microbiol. 2022; 15(7):e126975.



Aliabadi N et al.

Table 4. The Multivariate Logistic Regression for Risk Factors Associated with Seropositivity

Symptoms
IgM IgG

Univariable
Analysis; OR (95%

CI)

P Value Multivariable
Analysis Adjusted;

OR (95% CI)

P Value Univariable
Analysis; OR (95%

CI)

P Value Multivariable
Analysis Adjusted

OR (95% CI)

P Value

Fever 0.525 (0.219 - 1.257) 0.148 0.422 (0.196 - 0.909) 0.027

Cough 0.418 (0.197 - 0.883) 0.022 0.427 (0.182 - 1.004) 0.051 0.305 (0.157 - 0.592) 0.000 0.422 (0.182 - 0.979) 0.045

Sore throat 0.908 (0.402 - 2.050) 0.816

Shortness of
breath

0.625 (0.264 - 1.475) 0.283 0.439 (0.209 - 0.924) 0.030

Nasal congestion 0.345 (0.128 - 0.924) 0.036 0.098 (0.037 - 0.261) 0.000 0.160 (0.055 - 0.460) 0.001

Runny nose 0.864 (0.234 - 3.191) 0.827

Vomiting 0.604 (0.157 - 2.329) 0.464

Diarrhea 0.843 (0.318 - 2.235) 0.731

Anorexia 0.294 (0.066 - 1.298) 0.106 0.163 (0.037 - 0.713) 0.016

Headache 0.433 (0.207 - 0.908) 0.027 0.312 (0.136 - 0.717) 0.006 0.469 (0.242 - 0.907) 0.024 0.414 (0.178 - 0.967) 0.042

Vertigo 0.606 (0.157 - 2.342) 0.318 (0.101 - 1.001) 0.050

Muscle pain 0.924 (0.430 - 1.987) 0.840 0.435 (0.228 - 0.833) 0.012

Fatigue 0.663 (0.250 - 1.603) 0.335

Joint pain 0.646 (0.128 - 3.269)

Shivering 0.617 (0.240 - 1.584) 0.315 0.256 (0.115 - 0.569) 0.001

groups include cough, fever, headache, and muscle pain.
In general, the differences observed in the prevalence

of SARS-CoV-2 in various studies may be due to the charac-
teristics of the tests (sensitivity and specificity, type of test,
and the viral antigen applied in these tests), and COVID-19
infection rate during the sampling period. Furthermore,
our results showed that the SARSCoV2-specific IgM and IgG
titers of HCWs were not significantly higher than those of
the general population, suggesting that neither group was
protected during the initial wave of infection. There are
some limitations and sources of bias that should be men-
tioned. The small sample size of health care professionals
was small in this study; thus, further multicenter collabo-
rative studies with larger samples are needed to confirm
our findings. In addition, self-reported clinical symptoms
by HCWs can reduce the accuracy of our study. Regarding
the general population, we consider potential biases in a
source of data that can take place because symptomatic
and asymptomatic participants were not excluded by ex-
amination. This bias can increase the seroprevalence in
this population.

5.1. Conclusions
RT-PCR technique remains important to identify acute

infections, serological assays could be very essential for
identifying the asymptomatic SARS-CoV-2 infected per-
sons, as well as fast screening of HCWs who are at risk of

virus infection via their direct and close contact exposure.
Serological tests are possible for rapid screening of med-
ical personnel, which is critical for public health policies
for management of the COVID-19In addition, the combina-
tion of serology and molecular techniques may improve
the efficiency of the case-finding approach in COVID-19 epi-
demiological studies, which is important for public health
policies for managing COVID-19. Serological assay in popu-
lations can provide better insights into COVID19 epidemi-
ology and assist policymakers in devising an effective strat-
egy for combating the SARS-CoV-2 epidemic in the country.

Acknowledgments

The authors would like to thank A. Keivanshekouh at
the Research Consultation Center (RCC) of Shiraz Univer-
sity of Medical Sciences for improving the use of English in
the manuscript.

Footnotes

Authors’ Contribution: N. A. contributed to the study
concept and design, acquisition of data, analysis, and in-
terpretation of data, and drafting of the manuscript. N.
H. M. contributed to the acquisition of data and analysis

Jundishapur J Microbiol. 2022; 15(7):e126975. 5



Aliabadi N et al.

and interpretation of data. M. J. contributed to the criti-
cal revision of the manuscript for important intellectual
content. Z. A. contributed to the analysis and interpreta-
tion of data and statistical analysis. GH. R. P. took the lead
in study concept and design and critical revision of the
manuscript for important intellectual content. M. Z. con-
tributed to the study concept and design administrative,
technical and material support, and study supervision.

Conflict of Interests: The authors declare that they have
no financial or non-financial conflicts of interest. Also, we
declared that two of our authors (Marzieh Jamalidoust and
Nasrin Aliabadi, reviewer) is one of the reviewers. The jour-
nal confirmed that the mentioned author with CoI was
completely excluded from all review processes. We also in-
troduced this author with CoI during the submission as
an opposed reviewer that has the role of the author in this
manuscript.

Data Reproducibility: The datasets generated and/or
analyzed during the current study are not publicly avail-
able due to protecting the participants anonymity but are
available from the corresponding author on reasonable re-
quest.

Ethical Approval: This study was approved
by the Ethics Committee of Shiraz University of
Medical Sciences (code: IR.SUMS.REC.1400.194).
(https://ethics.research.ac.ir/IR.SUMS.REC.1400.194)

Funding/Support: No funding was received for this work.

Informed Consent: Written informed consent was ob-
tained from the participants.

References

1. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutierrez-Ocampo E,
Villamizar-Pena R, Holguin-Rivera Y, Escalera-Antezana JP, et al.
Clinical, laboratory and imaging features of COVID-19: A systematic
review and meta-analysis. Travel Med Infect Dis. 2020;34:101623. doi:
10.1016/j.tmaid.2020.101623. [PubMed: 32179124]. [PubMed Central:
PMC7102608].

2. 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. doi:
10.1001/jama.2020.2648. [PubMed: 32091533].

3. Bendavid E, Mulaney B, Sood N, Shah S, Ling E, Bromley-Dulfano R, et
al. COVID-19 antibody seroprevalence in Santa Clara county, Califor-
nia. medRxiv. 2020;Preprint. doi: 10.1101/2020.04.14.20062463.

4. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clini-
cal characteristics of coronavirus disease 2019 in China. N Engl J
Med. 2020;382(18):1708–20. doi: 10.1056/NEJMoa2002032. [PubMed:
32109013]. [PubMed Central: PMC7092819].

5. Poustchi H, Darvishian M, Mohammadi Z, Shayanrad A, Delavari A,
Bahadorimonfared A, 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. doi: 10.1016/S1473-3099(20)30858-6. [PubMed:
33338441]. [PubMed Central: PMC7833828].

6. Pagani G, Conti F, Giacomelli A, Bernacchia D, Rondanin R, Prina
A, et al. Seroprevalence of SARS-CoV-2 significantly varies with age:
Preliminary results from a mass population screening. J Infect.
2020;81(6):e10–2. doi: 10.1016/j.jinf.2020.09.021. [PubMed: 32961253].
[PubMed Central: PMC7836634].

7. Naranbhai V, Chang CC, Beltran WFG, Miller TE, Astudillo MG,
Villalba JA, et al. High Seroprevalence of Anti-SARS-CoV-2 Anti-
bodies in Chelsea, Massachusetts. J Infect Dis. 2020;222(12):1955–9.
doi: 10.1093/infdis/jiaa579. [PubMed: 32906151]. [PubMed Central:
PMC7499676].

8. Rosenberg ES, Tesoriero JM, Rosenthal EM, Chung R, Barranco MA,
Styer LM, et al. Cumulative incidence and diagnosis of SARS-CoV-
2 infection in New York. Ann Epidemiol. 2020;48:23–29 e4. doi:
10.1016/j.annepidem.2020.06.004. [PubMed: 32648546]. [PubMed
Central: PMC7297691].

9. Tang MS, Hock KG, Logsdon NM, Hayes JE, Gronowski AM, Ander-
son NW, et al. Clinical performance of two SARS-CoV-2 serologic as-
says. Clin Chem. 2020;66(8):1055–62. doi: 10.1093/clinchem/hvaa120.
[PubMed: 32402061]. [PubMed Central: PMC7239232].

10. Kalantar SH, Mortazavi SJ, Bagheri N, Manshadi SAD, Moharrami A, Ari-
amloo P, et al. Prevalence of coronavirus disease-2019 among health-
care workers in Imam Khomeini Hospital complex in Tehran, Iran. J
Orthop Spine Trauma. 2020;6(2):30–2.

11. Winter AK, Hegde ST. The important role of serology for COVID-
19 control. Lancet Infect Dis. 2020;20(7):758–9. doi: 10.1016/S1473-
3099(20)30322-4. [PubMed: 32330441]. [PubMed Central:
PMC7173803].

12. Long QX, Liu BZ, Deng HJ, Wu GC, Deng K, Chen YK, et al. An-
tibody responses to SARS-CoV-2 in patients with COVID-19. Nat
Med. 2020;26(6):845–8. doi: 10.1038/s41591-020-0897-1. [PubMed:
32350462].

13. Steensels D, Oris E, Coninx L, Nuyens D, Delforge ML, Vermeer-
sch P, et al. Hospital-wide SARS-CoV-2 Antibody screening in 3056
staff in a tertiary center in Belgium. JAMA. 2020;324(2):195–7. doi:
10.1001/jama.2020.11160. [PubMed: 32539107]. [PubMed Central:
PMC7296458].

14. Mortezagholi S, Rostamzadeh D, Alinejad M, Younesi V, Tabarsi P, Sha-
bani 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. doi:
10.22034/iji.2021.88168.1851. [PubMed: 33787517].

15. Emami A, Javanmardi F, Pirbonyeh N, Moradi Ghermezi S, Rezaei T,
Bakhtiari H, et al. Seroprevalence of SARS-COV-2 antibodies in med-
ical staff, south-west of Iran. International Journal of Basic Science in
Medicine. 2021;6(3):111–6. doi: 10.34172/ijbsm.2021.20.

16. Shakiba M, Nazemipour M, Salari A, Mehrabian F, Nazari SSH, Rezvani
SM, et al. Seroprevalence of SARS-CoV-2 in Guilan province, Iran, April
2020. Emerg Infect Dis. 2021;27(2):636–8. doi: 10.3201/eid2702.201960.
[PubMed: 33349310]. [PubMed Central: PMC7853569].

17. Kluytmans-van den Bergh MFQ, Buiting AGM, Pas SD, Bentvelsen RG,
van den Bijllaardt W, van Oudheusden AJG, et al. Prevalence and clin-
ical presentation of health care workers with symptoms of coron-
avirus disease 2019 in 2 Dutch Hospitals during an early phase of
the pandemic. JAMA Netw Open. 2020;3(5). e209673. doi: 10.1001/ja-
manetworkopen.2020.9673. [PubMed: 32437576]. [PubMed Central:
PMC7243090].

18. Lombardi A, Trombetta E, Cattaneo A, Castelli V, Palomba E, Tirone M,
et al. Early phases of COVID-19 are characterized by a reduction in lym-
phocyte populations and the presence of atypical monocytes. Front
Immunol. 2020;11:560330. doi: 10.3389/fimmu.2020.560330. [PubMed:
33362757]. [PubMed Central: PMC7756112].

19. Stubblefield WB, Talbot HK, Feldstein LR, Tenforde MW, Ur Rasheed
MA, Mills L, et al. Seroprevalence of SARS-CoV-2 among frontline
healthcare personnel during the first month of caring for patients

6 Jundishapur J Microbiol. 2022; 15(7):e126975.

http://dx.doi.org/10.1016/j.tmaid.2020.101623
http://www.ncbi.nlm.nih.gov/pubmed/32179124
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102608
http://dx.doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
http://dx.doi.org/10.1101/2020.04.14.20062463
http://dx.doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7092819
http://dx.doi.org/10.1016/S1473-3099(20)30858-6
http://www.ncbi.nlm.nih.gov/pubmed/33338441
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7833828
http://dx.doi.org/10.1016/j.jinf.2020.09.021
http://www.ncbi.nlm.nih.gov/pubmed/32961253
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7836634
http://dx.doi.org/10.1093/infdis/jiaa579
http://www.ncbi.nlm.nih.gov/pubmed/32906151
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7499676
http://dx.doi.org/10.1016/j.annepidem.2020.06.004
http://www.ncbi.nlm.nih.gov/pubmed/32648546
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7297691
http://dx.doi.org/10.1093/clinchem/hvaa120
http://www.ncbi.nlm.nih.gov/pubmed/32402061
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7239232
http://dx.doi.org/10.1016/S1473-3099(20)30322-4
http://dx.doi.org/10.1016/S1473-3099(20)30322-4
http://www.ncbi.nlm.nih.gov/pubmed/32330441
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7173803
http://dx.doi.org/10.1038/s41591-020-0897-1
http://www.ncbi.nlm.nih.gov/pubmed/32350462
http://dx.doi.org/10.1001/jama.2020.11160
http://www.ncbi.nlm.nih.gov/pubmed/32539107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7296458
http://dx.doi.org/10.22034/iji.2021.88168.1851
http://www.ncbi.nlm.nih.gov/pubmed/33787517
http://dx.doi.org/10.34172/ijbsm.2021.20
http://dx.doi.org/10.3201/eid2702.201960
http://www.ncbi.nlm.nih.gov/pubmed/33349310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7853569
http://dx.doi.org/10.1001/jamanetworkopen.2020.9673
http://dx.doi.org/10.1001/jamanetworkopen.2020.9673
http://www.ncbi.nlm.nih.gov/pubmed/32437576
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243090
http://dx.doi.org/10.3389/fimmu.2020.560330
http://www.ncbi.nlm.nih.gov/pubmed/33362757
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7756112


Aliabadi N et al.

with COVID-19-Nashville, Tennessee. Clin Infect Dis. 2021;72(9):1645–
8. doi: 10.1093/cid/ciaa936. [PubMed: 32628750]. [PubMed Central:
PMC7454447].

20. Sandri TL, Inoue J, Geiger J, Griesbaum JM, Heinzel C, Burnet M, et al.
Complementary methods for SARS-CoV-2 diagnosis in times of mate-
rial shortage. Sci Rep. 2021;11(1):11899. doi: 10.1038/s41598-021-91457-z.
[PubMed: 34099796]. [PubMed Central: PMC8185005].

21. Valenti L, Bergna A, Pelusi S, Facciotti F, Lai A, Tarkowski M, et
al. SARS-CoV-2 seroprevalence trends in healthy blood donors dur-
ing the COVID-19 outbreak in Milan. Blood Transfus. 2021;19(3):181–
9. doi: 10.2450/2021.0324-20. [PubMed: 33539289]. [PubMed Central:
PMC8092034].

22. Pollan M, Perez-Gomez B, Pastor-Barriuso R, Oteo J, Hernan MA,
Perez-Olmeda M, et al. Prevalence of SARS-CoV-2 in Spain (ENE-
COVID): a nationwide, population-based seroepidemiological study.
Lancet. 2020;396(10250):535–44. doi: 10.1016/S0140-6736(20)31483-5.
[PubMed: 32645347]. [PubMed Central: PMC7336131].

23. Song SK, Lee DH, Nam JH, Kim KT, Do JS, Kang DW, et al. IgG seropreva-

lence of COVID-19 among individuals without a history of the coron-
avirus disease infection in Daegu, Korea. J KoreanMed Sci. 2020;35(29).
e269. doi: 10.3346/jkms.2020.35.e269. [PubMed: 32715672]. [PubMed
Central: PMC7384903].

24. Snoeck CJ, Vaillant M, Abdelrahman T, Satagopam VP, Turner JD, Beau-
mont K, et al. Prevalence of SARS-CoV-2 infection in the Luxembour-
gish population – the CON-VINCE study. medRxiv. 2020;Preprint. doi:
10.1101/2020.05.11.20092916.

25. Javed W, Baqar JB, Abidi SHB, Farooq W. Sero-prevalence findings from
metropoles in Pakistan: Implications for assessing COVID-19 preva-
lence and case-fatality within a dense, urban working population.
medRxiv. 2020;Preprint. doi: 10.1101/2020.08.13.20173914.

26. Garcia-Basteiro AL, Moncunill G, Tortajada M, Vidal M, Guinovart C,
Jimenez A, 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. doi: 10.1038/s41467-020-17318-x. [PubMed:
32641730]. [PubMed Central: PMC7343863].

Jundishapur J Microbiol. 2022; 15(7):e126975. 7

http://dx.doi.org/10.1093/cid/ciaa936
http://www.ncbi.nlm.nih.gov/pubmed/32628750
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454447
http://dx.doi.org/10.1038/s41598-021-91457-z
http://www.ncbi.nlm.nih.gov/pubmed/34099796
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8185005
http://dx.doi.org/10.2450/2021.0324-20
http://www.ncbi.nlm.nih.gov/pubmed/33539289
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8092034
http://dx.doi.org/10.1016/S0140-6736(20)31483-5
http://www.ncbi.nlm.nih.gov/pubmed/32645347
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336131
http://dx.doi.org/10.3346/jkms.2020.35.e269
http://www.ncbi.nlm.nih.gov/pubmed/32715672
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7384903
http://dx.doi.org/10.1101/2020.05.11.20092916
http://dx.doi.org/10.1101/2020.08.13.20173914
http://dx.doi.org/10.1038/s41467-020-17318-x
http://www.ncbi.nlm.nih.gov/pubmed/32641730
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7343863

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Patients
	3.2. Sample Collection and Testing
	3.3. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Table 3
	Table 4

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

