
Introduction
The coronavirus disease 19 (COVID-19) infection caused 
by novel severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) started a pandemic in 2020, and the 
World Health Organization reported it as a public health 
emergency issue concern. Overall, more than 226 million 
confirmed cases have been diagnosed worldwide, and 
more than 5 million cases have been reported in his regard 
in Iran until September 2021, while the status is updated 
daily (1). However, the estimates of the disease status are 
based on confirmed cases in symptomatic patients, and 
those for whom testing is unavailable are excluded from 

these cases. The symptoms included fever, chill, muscle 
pain, sore throat, cough, chest pain, and dyspnea, and 
in severe forms, the patient needed hospitalization (2). 
SARS-CoV-2 can be transmitted from individuals with 
asymptomatic and presymptomatic forms of the disease 
(3). Hence, it can increase the odds of infection in health 
care workers (HCWs) in the hospital due to higher contact 
with undiagnosed infections and confirmed patients. 
Therefore, health care professionals working in the 
hospital are at higher risk of SARS-CoV-2 infection.

The immune response to infection may be conferred 
by humoral and/or cellular immunity. Studies have 
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Abstract
Aim: Seroprevalence among health care workers (HCWs) has been estimated in different studies in various 
regions and countries. This study aimed to screen the immunoglobulin M (IgM) and IgG seroprevalences 
and to assess the durability of IgG seropositivity, as well as the incidence of subsequent severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in a group of Iranian HCWs.
Methods: This voluntary serological screening was prospectively performed on 800 HCWs (492 females 
and 308 males) in Hamadan between November 2020 and February 2021. Anti-SARS-CoV-2 IgG and IgM 
antibodies were assessed by the enzyme-linked immunosorbent assay method at two-time intervals. 
Results: Overall, 243 out of 800 (30.38%) and 66 (8.25%) cases were IgG and IgM seropositive at their first 
antibody assessment, respectively. The male staff had a higher seroprevalence than females (31.49% vs. 
29.67% for IgG, P = 0.59 and 10.39% vs. 6.91% for IgM, P = 0.08). Higher prevalences for both antibodies 
were found in the age group of 30-39.9 years (P = 0.12 and P = 0.05, respectively). In the second antibody 
screening, 81 (56.6%) cases were IgG seropositive. The mean titer of the first IgG antibody assessment in 
seropositive cases was lower than that of the second titer (2.95 ± 2.07 vs. 5.08 ± 4.01 cut-off index (COI) 
, P = 1.4×10-5). Moreover, the comparison of the first and second IgG titers among 81 seropositive cases 
demonstrated a significantly increased level of anti-SARS-CoV-2 antibody (5.08 ± 4.01 vs. 3.49 ± 2.41 COI, 
P = 0.002).
Conclusions: Our findings revealed that the mean level of the anti-SARS-CoV-2 IgG antibody was 
significantly increased in the seropositive individuals after 2 months of follow-up. 
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demonstrated that the SARS-CoV Rp3 NP is a common 
protein among coronaviruses and is useful for diagnostic 
purposes (4). The development of the immunoglobulin M 
(IgM) antibody against SARS-CoV Rp3 NP protein during 
the early phase of COVID-19 infection is useful for the 
diagnosis of acute infection. However, IgG production 
takes a longer time to be produced and could be evidence 
of post-infection immunity even in asymptomatic cases 
(5). The investigation of post-infection immunity is 
identified by the functional correlates of protection and 
defined by endpoints such as the prevention of disease, 
hospitalization, and death (6). Post-infection immunity 
against SARS-CoV-2 infection occurred in most people, 
and reinfection with SARS-CoV-2 was rarely reported 
and mostly happened in subjects who experienced mild 
or asymptomatic primary infections (7,8). Moreover, 
some studies indicated that neutralizing antibodies could 
elicit post-infection immunity against SARS-CoV-2 
infection (9-12).

Seroprevalence among HCWs has been estimated in a 
wide range of studies in different regions and countries. 
In Italy, the seroprevalence of HCWs was analyzed in 
May 2020 with 12% of seropositivity (13). In addition, the 
seroprevalence in hospital staff in the United Kingdom was 
estimated at more than 9% in April 2020 (14). Additionally, 
the seropositivity rate in the HCWs of different hospitals in 
Turkey was reported up to 6% among different job clusters 
between May and June 2020 (15). Nevertheless, a report 
from Ahmedabad, India, showed 23% seroprevalence 
among health care professionals in August 2020 (16). 
There was also a report from Gilan province in Iran, which 
determined the seroprevalence of 22% among household 
people in April 2020 (17). 

In the current study, we performed a prospective 
evaluation of HCWs working in the hospital, including 
personnel who provide direct and indirect patient 
care, as well as non-clinical staff, to screen the IgM and 
IgG seroprevalences and to assess the stability of IgG 
seropositivity within 2 months of follow-up. Further, 
we examined the incidence of subsequent SARS-CoV-2 
infection either as symptomatic infection or based on 
positive polymerase chain reaction (PCR) tests among 
seropositive cases during a short follow-up period.

Methods
After the approval of the Institutional Research Ethics 
Committee of Hamadan University of Medical Sciences 
(IR.UMSHA.REC.1399.806), this cross-sectional and 
prospective study evaluated the seroprevalence against 
SARS-CoV-2 in a group of volunteer individuals from 
different categories of health care professionals in 8 
university hospitals in Hamadan province, Iran.

This voluntary serological screening was performed 
on 800 health care employees in the hospital, including 
472 clinical and 328 non-clinical staff members between 
November 2020 and February 2021 (the first wave 
of the disease during the epidemic). All participants, 

including physicians (n = 23), nurses (n = 312), midwives 
(n = 30), laboratory personnel (n = 107), health care 
service staff (n = 70), and administrative staff (n = 258) 
provided written informed consent based on the Helsinki 
Declaration to participate in this prospective serosurvey 
study. All participants fulfilling the inclusion criteria 
such as working in the hospital that admits COVID-19 
patients and having informed consent for participation 
in this investigation were randomly recruited into the 
study. Hospital staff with underlying diseases such as 
cardiovascular diseases, diabetes, autoimmune diseases, 
cancer, and other infectious diseases were excluded from 
the study. 

The serological screening was performed at the time of 
recruitment and 2 months later (based on the availability 
of sera samples) for those seropositive individuals on the 
first measurement.

Serological Testing and Data Collection
IgG and IgM antibodies were detected against SARS-CoV-2 
antigens (S1 and N proteins) by commercial enzyme-
linked immunosorbent assay (ELISA) kits (SARS-CoV-2 
IgG and SARS-CoV-2 IgM capture, Pishtazteb, Tehran, 
Iran) as per manufactures’ instructions. Furthermore, the 
second evaluation in seropositive subjects after 2 months 
was conducted using the IgG ELISA kit from the same 
company.

Demographic characteristics and probable SARS-
CoV-2-related symptoms were recorded through a 
questionnaire-based approach at the time of sampling. 
The data included age, gender, job title, blood group, and 
some clinical symptoms such as fever, chill, headache, 
cough, lethargy, and myalgia that might be related to the 
SARS-CoV-2 infection.

Moreover, suspected cases (symptomatic or seropositive) 
in both steps of antibody screening were tested for the 
presence of SARS-CoV-2 RNA in nasopharyngeal swaps by 
the COVID-19 One-Step real-time (RT)-PCR kit based on 
the manufacturer’s instructions (Pishtazteb, Tehran, Iran).

Statistical Analysis
Data were analyzed with Stata 11 (Stata Corp., College 
Station, TX, USA). Frequency and proportion, as well as 
mean and standard deviation, were used for reporting 
categorical and continuous variables, respectively. 
Associations between categorical variables and IgG 
results were assessed for the second time using the chi-
square test. The predictors of the presence of IgG and IgM 
antibodies in COVID-19 in HCWs were determined with 
a binary logistic regression model, and variables that were 
significantly associated with the IgG and IgM result in 
the crude model were included in the adjusted model. A 
P > 0.05 was considered a significant level.

Results
A total of 800 hospital employees, including 492 females 
(61.3%) and 308 males, with a mean age of 37.90 ± 8.6 
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years (age range: 20-65) were recruited for this prospective 
study. The hospital staff were categorized into different 
professions, including physicians (2.88%), nurses (39%), 
midwives (3.75%), laboratory personnel (13.38%), support 
services (8.75), and administrator staff (32.35%) and 
underwent the measurement of anti-SARS-CoV-2 IgM 
and IgG antibodies; based on the findings, 243 (30.38%) 
and 66 (8.25%) were IgG and IgM seropositive at their 
first antibody assessment, respectively. The self-reported 
symptoms among the study subjects were fever, lethargy, 
cough, loss of taste, nausea, and arthralgia. Among 243 
seropositive staff, 116 cases were examined for the presence 
of SARS-CoV-2 RNA by the RT-PCR method, and only 
one subject was positive. Further, among 53 suspected 
cases with related symptoms who underwent CT scans, 
only 11 cases showed pulmonary involvement. 

Overall, the male staff had a higher seroprevalence 
compared to females (31.49% vs. 29.67% for IgG and 
10.39% vs. 6.91% for IgM antibody; P = 0.59 and P = 0.08, 
respectively, Table 1). Moreover, the highest seropositive 
prevalence for both antibodies was found in the age group 
of 30-39.9 years, although it was not statistically significant 
for IgG seropositive (34.89%, 95% CI: 0.92-2.14%, P = 0.12) 
and was marginally significant for IgM seropositive (9.97%, 
95% CI: 0.99-5.32%, P = 0.05). Among 800 participants, 
37.38% had an O blood group, which demonstrated a 
higher rate of seropositive for both IgG and IgM (33.78% 
and 10.03%, respectively) in comparison to other blood 
groups, but it was not statistically significant (P = 0.73). 
In addition, physicians and nurses represented a higher 
prevalence for both IgG (34.78% and 33.65%, respectively) 
and IgM (4.35% and 8.65%, respectively) seropositive 

compared to those in the administrative staff (27.13% IgG 
seropositive and 7.75% IgM seropositive, Table 1). 

Furthermore, the participants who experienced fever 
and cough showed higher odds for seropositivity (OR > 1), 
while those who experienced shortness of breath, sweating, 
headache, abdominal pain, and myalgia demonstrated the 
least odds for seropositivity (OR > 0.0, Figure 1).

Second Anti-SARS-CoV-2 IgG Assessment Among 
Seropositive Subjects 
Two months after the first antibody screening, 143 out of 
243 IgG seropositive participants were available to be re-
tested for IgG assessment and preceded by PCR testing for 
SARS-CoV-2 infection. Of these, 81 participants (56.6%) 
were still IgG seropositive. Additionally, 18 cases had 
laboratory-confirmed SARS-CoV-2 infection (by RT-
PCR) and 22 had been affected with different forms of 
COVID-19 during the last 2 months (including 14 mild, 6 
moderate, and 2 severe forms of the disease); surprisingly, 
12 of 22 cases were IgG seronegative. The most common 
symptoms among IgG seropositive were fever (44.44%), 
cough (40.74%), lethargy (40.52%), chill (37.04%), and 
anorexia (29.63%). Interestingly, the frequencies of fatigue, 
headache, and nausea symptoms were higher in the IgG 
seronegative compared to seropositive (Figure 2). 

Moreover, the prevalence of the second IgG seropositive 
was higher in the female group, the age group of 30-39.9 
years, O blood group, and nurses, but there were no 
statistically significant differences in comparison to other 
groups of variables (Table 2).

The mean IgG antibody titer in 243 participants, 
who were IgG seropositive at the first assay, was lower 

Table 1. Distributions of IgG and IgM Seropositives Based on Different Risk Factors for COVID-19 Among Health Care Professionals (n = 800)

Variable Total (%)

IgG Result IgM Result

Negative
557 (69.63)

Positive
243 (30.38)

OR (95% CI) P Value
Negative

734 (91.75)
Positive

66 (8.25)
OR (95% CI) P Value

Gender
Female 492 (61.50) 346 (70.33) 146 (29.67) 1 - 458 (93.09) 34 (6.91) 1 -

Male 308 (38.50) 211 (68.51) 97 (31.49) 1.09 (0.8, 1.48) 0.59 276 (89.61) 32 (10.39) 1.56 (0.94, 2.59) 0.08

Age group 
(year)

20-29.9 152 (19.00) 110 (72.37) 42 (27.63) 1 - 145 (95.39) 7 (4.61) 1 -

30-39.9 321 (40.13) 209 (65.11) 112 (34.89) 1.4 (0.92, 2.14) 0.12 289 (90.03) 32 (9.97) 2.29 (0.99, 5.32) 0.05

40-49.9 231 (28.88) 169 (73.16) 62 (26.84) 0.96 (0.61, 1.52) 0.86 211 (91.34) 20 (8.66) 1.96 (0.81, 4.76) 0.14

50-60 96 (12.00) 69 (71.88) 27 (28.13) 1.02 (0.58, 1.8) 0.93 89 (92.71) 7 (7.29) 1.63 (0.55, 4.8) 0.38

Blood 
group

A 230 (28.75) 167 (72.61) 63 (27.39) 1 - 209 (90.87) 21 (9.13) 1 -

B 180 (22.50) 124 (68.89) 56 (31.11) 1.2 (0.78, 1.84) 0.41 171 (95.00) 9 (5.00) 0.52 (0.23, 1.17) 0.12

AB 91 (11.38) 68 (74.73) 23 (25.27) 0.9 (0.51, 1.56) 0.7 85 (93.41) 6 (6.59) 0.7 (0.27, 1.8) 0.46

O 299 (37.38) 198 (66.22) 101 (33.78) 1.35 (0.93, 1.97) 0.12 269 (89.97) 30 (10.03) 1.11 (0.62, 1.99) 0.73

Job 
categories

Physician 23 (2.88) 15 (65.22) 8 (34.78) 1.43(0.58, 3.53) 0.43 22 (95.65) 1 (4.35) 0.54 (0.07, 4.22) 0.56

Nurse 312 (39) 207 (66.35) 105 (33.65) 1.36 (0.95, 1.95) 0.09 285 (91.35) 27 (8.65) 1.13 (0.62, 2.06) 0.7

Midwife 30 (3.75) 22 (73.33) 8 (26.67) 0.98 (0.42, 2.3) 0.96 30 (100.00) 0 - -

Service 70 (8.75) 50 (71.43) 20 (28.57) 1.07 (0.6, 1.93) 0.81 65 (92.86) 5 (7.14) 0.92 (0.33, 2.53) 0.87

Laboratory 107 (13.38) 75 (70.09) 32 (29.91) 1.15 (0.7, 1.88) 0.59 94 (87.85) 13 (12.15) 1.65 (0.79, 3.44) 0.19

Officials 258 (32.25) 188 (72.87) 70 (27.13) 1 - 238 (92.25) 20 (7.75) 1 -

Note. IgG: Immunoglobulin G; IgM: Immunoglobulin M; COVID: Coronavirus disease; OR: Odds ratio; CI: Confidence interval.
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than that of 81 IgG seropositive at the second antibody 
screening (2.95 ± 2.07 and 5.08 ± 4.01 cut-off index (COI), 
respectively, P = 1.4×10-5). Further, a comparison of the 
first and the second IgG titers among those 81 seropositive 
revealed a significantly increased level of antibody 
(5.08 ± 4.01 vs. 3.49 ± 2.41 COI, P = 0.002). Furthermore, 
39 out of 800 participants had both IgM and IgG 

seropositive, and after two months, 18 of them were still 
IgG seropositive and 2 of them experienced a moderate 
form of infection.

Discussion
The monumental pressure on the health care system 
during the pandemic situation has made the protection of 
first-line HCWs against infection an important concern. 
As reported in Spain, the nationwide seroprevalence 
was found at 5%, while it has reached more than 8% in 
HCWs (19). Moreover, it has been determined that 
antibody production against SARS-CoV-2 could induce 
protection against reinfection (10). In the current study, 
we determined the prevalence of IgM and IgG seropositive 
among different hospital staff and recalled some of the 
available IgG seropositive after two months to assess the 
stability of IgG seropositive results.

The IgM and IgG seroprevalences were found at 
8.25% and 30.38%, respectively. However, no significant 
differences were observed based on gender, age, blood 
group, and different job categories. In addition, 4.87% 
of cases were both IgM and IgG seropositive. Studies 
on determining IgG seroprevalence in health care 
professionals reported different results ranging from 4% in 
Denmark to 23% in India (14-16,20). The most important 
issue for the interpretation and comparison of the results 
was the time of sampling, as the above-mentioned studies 
had been conducted within a few months after the 
initiation of the pandemic, while our study was performed 
about one year later, thus a higher incidence of infection 
was observed among the population. Furthermore, many 
European and American countries had enforced strong 
lockdown policies to control the disease spread, which 
could somewhat explain the differences between our 

Figure 1. Estimated Odds Ratios of Seroprevalence for IgG Antibody Based on the Presence of Different Possibly SARS-CoV-2 Related Symptoms. Note. IgG, 
Immunoglobulin G; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2.

Figure 2. Comparison of the Frequencies of Possibly Related SARS-CoV-2 
Symptoms Between IgG Seropositive and Seronegative at the Second 
Antibody Screening Test. Note. IgG, Immunoglobulin G; SARS-CoV-2, 
Severe acute respiratory syndrome coronavirus 2.
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results and those of other studies. Of note, a previous 
report from Gilan province in our country estimated 22% 
IgG seroprevalence among the household population (17), 
which is in line with our results among HCWs. 

Likewise, the second antibody assessment after two 
months revealed that 81 out of 143 (56.6%) seropositive 
cases had still high serum levels of IgG with a considerable 
increase compared to the first measurement. Although 
it has been demonstrated that antibodies against SARS-
CoV-2 antigens could persist for up to 8 months (21,22), 
we observed that less than half of seropositive participants 
converted to the seronegative status after 2 months, which 
is in conformity with the results of other studies on HCWs 
(23,24). However, it has been reported that the speed of 
antibody decrease in the patients depends on disease 
severity, and those with mild symptoms had a rapid 
reduction of antibody levels (25). We also found that those 
who had a fever, cough, loss of tasting sense, and lethargy 
symptoms at the time of sample collection, had more odds 
of being IgG seropositive. 

In addition, among 143 subjects for the second IgG 
antibody screening, 22 cases were found with the 
symptomatic disease during 2 months of follow-up. Based 
on the results of antibody screening tests, 10 of those 22 
participants were IgG seronegative and experienced a 
mild or moderate form of the disease. There could raise 
the question of whether they are susceptible to reinfection. 
It was indicated that 10% of PCR-positive COVID-19 
patients showed seronegative results after mild disease 
while they had reactive specific T cells (26), indicating 
the importance of cellular immunity against infection. 
Therefore, more studies are warranted on different aspects 
of immune protection in such cases. Additionally, it 
was revealed that the level of antiviral antibodies is not 
correlated with disease mortality and severity, while the 

antibody production a few days before the disease onset was 
considered a recovery factor (27). Hence, further studies 
are required to clarify the emerging and disappearing and 
kinetics of antibodies in terms of the sampling time, results 
of the PCR test, and time of the disease onset. 

Notably, 2 subjects in our study experienced a severe 
form of COVID-19, even though they were seropositive 
both at the first and second antibody assessments. 
Reinfection reports are rare, and it has been reported that 
no increasing trend was observed up to seven months 
following the first antibody-positive test (28). Nevertheless, 
repeated exposure and a highly infected environment may 
increase the risk of reinfection in HCWs. Accordingly, 
we observed that the high burden of symptomatic and 
asymptomatic patients in the hospitals and high contact 
of first-line HCWs have led to an increasing IgG titer in 
seropositive participants up to 2 folds after two months, 
highlighting the necessity of providing suitable personal 
protective equipment and considering more options for 
the protection of HCWs (29,30). Our results must be 
interpreted with caution due to the unavailability of the 
sera samples from all seropositive participants for the 
second antibody assessment and consequently reduced 
sample size.

In conclusion, our results revealed high COVID-19 
IgG seroprevalence among HCWs in Hamadan province, 
Iran after one year since the pandemic initiation. The 
seropositivity was stable after two months in more 
than half of the seropositive. Moreover, nearly 7% of 
seronegative cases in the second IgG assay had experienced 
mild to moderate disease. No significant differences were 
found regarding the blood group, age, and professions 
stratification. The increasing antibody level was observed 
in HCWs, remarkably nurses, as a result of high contact 
with COVID-19 patients. The infection with SARS-CoV-2 

Table 2. Second IgG Assessment in 143 Seropositive in Terms of Demographics Features

Variables Total (%) Negative Positive P Value

Gender
Female 80 (55.94) 36 (45.00) 44 (55.00)

0.66
Male 63 (44.06) 26 (41.27) 37 (58.73)

Age group (y)

20-29.9 18 (12.59) 6 (33.33) 12 (66.67)

0.55
30-39.9 60 (41.96) 30 (50.00) 30 (50.00)

40-49.9 45 (31.47) 18 (40.00) 27 (60.00)

50-60 20 (13.99) 8 (40.00) 12 (60.00)

Blood group

A 42 (29.37) 20 (47.62) 22 (52.38)

0.23
B 30 (20.98) 16 (53.33) 14 (46.67)

AB 16 (11.19) 8 (50.00) 8 (50.00)

O 55 (38.46) 18 (32.73) 37 (67.27)

Job categories

Physician 8 (5.59) 4 (50.00) 4 (50.00)

0.49

Nurse 58 (40.56) 29 (50.00) 29 (50.00)

Midwife 3 (2.10) 0 3 (100.00)

Service 12 (8.39) 4 (33.33) 8 (66.67)

Laboratory 17 (11.89) 6 (35.29) 11 (64.71)

Officials 45 (31.47) 19 (42.22) 26 (57.78)

Note. IgG: Immunoglobulin G. 
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was observed even in the presence of a high antibody titer 
that could be indicative of insufficiency of protection 
made by antibodies. These findings confirmed that natural 
infection could not induce acceptable protection against 
the disease, which might indicate the necessity of the 
vaccination of HCWs to elicit higher protective antibody 
production. The high number of seropositive HCWs 
highlights the need for regular protective measures to 
protect both staff and patients from possible nosocomial 
transmission. Further longitudinal serological studies and 
evaluation of other aspects of immunologic responses 
could help clarify the quality and persistence of SARS-
CoV-2-specific immunity among HCWs.
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