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Healthcare workers (HCWs) have a high risk of catching SARS-CoV-2
infection. Seroprevalence studies can provide related data on HCWs with a history of

Received: 23 Feb 2022 ¢ infections. Despite numerous seroepidemiological reports of COVID-19 in different
Accepted: 25 Jun 2022 ¢ groups, there are no such reports for HCWs working in Rafsanjan City, Iran. This study
Publish: 01 Jan 2022 ¢ aimed to determine the SARS-CoV-2 seroprevalence among HCWs.

Blood samples were obtained from 295 participants, including healthcare
personnel and administrative staff. The SARS-CoV-2 IgG antibody was measured by the
ELISA method, and the obtained data were analyzed with the Chi-square test and logistic
regression. A P<0.05 was considered statistically significant.

The previous exposure to COVID-19 was higher in HCWs than in administrative
department staff. Fifteen out of 130 (11.5%) participants had experienced SARS-CoV-2 infection
without any symptoms. The results of logistic regression indicated that traveling (OR: 018, 95%
CI: 0.08-0.74, P=0.001), occupation (OR: 0.2, 95% CI: 0.01-0.94, P<0.05), history of respiratory
problems (OR: 0.15, 95% CI: 0.01-1.94, P<0.05), and major clinical signs (OR: 8.09, 95% CI:
3.7-17.66, P<0.001) are important factors which affect SARS-CoV-2 IgG antibodies.

COVID-19, SARS- Our results indicated an occupational risk for SARS-CoV-2 infection among

CoV-2, IgG, HCWs. Because some HCWs are asymptomatic, their communication, such as traveling,
Seroprevalence, - must be controlled, and it is necessary to ensure the safety of HCWs and reduce their
Healthcare worker . transfer to the community and patients.
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he severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2), the cause

of coronavirus disease 2019 (COVID-19),

was first identified in Wuhan, China, in

December 2019. COVID-19 spread rap-

idly worldwide, and World Health Orga-
nization (WHO) declared COVID-19 a pandemic on
March 11, 2020 [1]. In Iran, the first confirmed case
of COVID-19 was reported on February 19, 2020 [2].
SARS-CoV-2 causes symptoms ranging from mild
symptoms to acute respiratory distress syndrome, se-
vere pneumonia, and death [3]. Nevertheless, studies
have shown that many individuals might be carriers of
the virus without presenting symptoms for several days.
So, the exact number of individuals infected by SARS-
CoV-2 is unknown [4].

Healthcare workers (HCWs) have the highest risk of
infection because they have close and direct contact
with COVID-19 patients. They are more exposed to
infection compared with the general population and, if
infected, pose a risk to other HCWs and patients [5].
HCWs with a positive test need to be isolated or should
be quarantined and self-isolated. In the peak of coro-
navirus infection, the supply of front-line HCWs may
decrease and therefore be insufficient to respond to the
HCW demand. To overcome this event, several poli-
cies, such as weekly shifts and periodic screenings, are
implemented in patient care units [6-8].

Seroprevalence studies can provide related data on
individuals who have experienced past or recent infec-
tions [9]. In this regard, screening for specific antibod-
ies against SARS-CoV-2 is performed. immunoglobulin
G (IgG) antibodies are secreted against pathogens and
show evidence of recent or past infection [10]. Serop-
revalence determination could provide a snapshot of the
burden of infection among HCWs, and is beneficial for
identifying risky units and assessing the levels of infec-
tion risk among hospital or non-hospital personnel [11,
12]. According to the Health Department of RUMS
(Rafsanjan University of Medical Sciences), the first de-
finitive case of this disease in HCWs was reported on
March 12, 2020, while the first definitive diagnosis of
COVID-19 was registered in the city on March 3, 2020.
The total number of definitive patients in this group until
the end of March 2020 was 127, a relatively significant
number (Data unpublished).

Serological tests can determine the prevalence and in-
cidence of SARS-CoV-2 infection [9]. Determining the
number of infected HCWs and identifying the proportion
of undetected infected people are important to inform
infection control and prevention measures during the
peak of the pandemic [6-8, 11, 12]. Despite the numer-
ous seroepidemiological reports of this disease in differ-
ent groups [5, 6, 11, 13-15], there are no such reports in
health personnel under the supervision of RUMS. Thus,
we aimed to determine the baseline seroprevalence of
SARS-CoV-2 IgG antibody among this group and as-
sessed the occupational and clinical signs for seroposi-
tivity. This research is one of the largest seroprevalence
studies focusing on HCWs under the Deputy Minister of
Health in Rafsanjan, Iran. Finally, we report the preva-
lence of asymptomatic carriers of COVID-19 among
HCWs in Rafsanjan City and suggest some guidelines to
reduce transmission of the disease.

Study design, population, setting, and procedures

The present seroepidemiological study was con-
ducted to measure SARS-CoV-2 IgG antibodies in
employees working at RUMS, Rafsanjan, Iran, in
the third quarter of 2021. After obtaining written in-
formed consent, all participants completed a question-
naire containing sociodemographic data (i.e. age, sex,
height, weight), clinical information such as exposure
to confirmed COVID-19 cases, professional informa-
tion (i.e. shift, hospital department, and occupation),
self-report of COVID-19 related symptoms (i.e. fever,
dry cough, fatigue and weakness, sore throat, impaired
sense of smell and taste), and history of reverse-tran-
scription polymerase chain reaction (RT-PCR) testing.
In this seroepidemiological study, 5-mL blood samples
were obtained from 295 individuals, including adminis-
trative staff (ADSs) and HCWs personnel. The exclu-
sion criteria were taking immunosuppressive medica-
tion, autoimmune disease, and a history of cancer. All
collected specimens were transferred to the laboratory
for serum isolation and storage.

Ethical approval

This study was approved by the Ethics Committee
of RUMS, Rafsanjan, Iran (Ethical code: IR.RUMS.
REC.1400.024). This trial procedure was conducted
under the ethical standards of the Iranian Ministry of
Health and Medical Education on human experimenta-
tion and in accordance with the Helsinki Declaration.
Finally, all participants signed a consent form.
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Quantification of IgG against SARS-CoV-2

We used the ELISA kit (Pishtazteb Co., Iran) to mea-
sure serum-IgG antibody against SARS-CoV-2, accord-
ing to the manufacturer’s instructions. In this regard,
0.9-1.1, 1.1, and 0.9 cut-off values were considered bor-
derline, positive, and negative, respectively. The ELISA
diagnostic kit sensitivity and specificity for IgG were
94.1% and 98.3%, respectively.

Classification of previous exposure to COVID-19

Before the determination of seroprevalence of COV-
ID-19 among the individuals, previous exposure to CO-
VID-19 was estimated, according to clinical signs. For
this aim, based on self-report of clinical signs, two clini-
cal criteria (minor and major) were considered. Then the
individuals were divided into four subgroups according
to clinical criteria, and the possibility of previous expo-
sure to SARS-CoV-2 was estimated (Table 1).

Statistical analysis

The IBM® SPSS software version 20 was used for data
analysis and management. The obtained data were ana-
lyzed using the Chi-squared and logistic regression tests.
P<0.05 was considered statistically significant.

Demographic data

A total of 295 HCWs were enrolled in this study (184
[62.3%] women and 111 [37.7%] men, with a mean age
0f 38.749.00 years). The results of IgG titers by age, sex,
and other demographic data are shown in Table 2. Also,

223 (75.5%) of the individuals were HCWs in medical
centers, and the others (24.5%) worked in the admin-
istrative departments. The SARS-CoV-2 IgG showed
that the previous exposure to COVID-19 in HCWs was
higher compared to ADS (24.2% vs 13.8%, respec-
tively; Table 2), maybe this positive SARS-CoV-2 IgG
titer was due to close contact with COVID-19 patients.
However, the statistical analysis showed no significant
relationship between the two groups (P=0.5). Also, our
results indicated that a history of respiratory problems
and COVID-19 were associated with positive SARS-
CoV-2 IgG (P=0.001; Table 2).

Previous exposure to COVID-19 and SARS-CoV-2
IgG titer

The SARS-CoV-2 IgG titers indicated that the indi-
viduals in the high possibility subgroup had a positive
past disease (43.6%). Also, 15 out of 130 (11.5%) as-
ymptomatic participants were positive for SARS-CoV-2
IgG antibodies (Figure 1 and Table 3). The statistical
analysis showed a significant relationship between four
subgroups (P=0.001, Table 3). Major signs, especially
fever, dry cough, and fatigue, are common symptoms of
SARS-CoV-2 infection among HCWs, and they should
be considered infected if they have such symptoms.

The role of travelling during COVID-19 pandem-
ic on positive results

The results of traveling out of town during the COVID-19
pandemic among participants showed that suburban relo-
cation could cause high exposure to COVID-19 (99 out of
143 [70%]) or spread the disease (Table 3). The statisti-
cal analysis showed a significant relationship between the
traveler and no traveler groups (P=0.049, Table 3).

Table 1. Categories of individuals to the classification of previous exposure to COVID-19 based on the presence of clinical criteria

Clinical Criteria

Major Signs Minor Signs

- Close contact with a COVID-19 patient
- Dry cough or shortness of breath

- Fatigue and weakness

- Fever or chills

- Body aches or headaches

- Gastrointestinal symptoms

- Sore throat

- The impaired sense of smell and taste

Categories of Participants

High Possibility Medium Possibility Low Possibility Asymptomatic

>2 major signs or
>1 major sign and >2
minor signs

0 major signs or
>1 major sign and 1-2
minor signs

23 major signs or
22 major signs and 21 minor sign

0 major signs or
0 minor signs
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Figure 1. Flow diagram of study selection and outcomes Inflammatory Diseases
Table 2. Demographic data of participants
No. (%)/MeanSD
Variables Positive 1gG Antibody P
Total
Positive Negative
>25 6(42.9) 8(57.1)
25-34 12(12.9) 81(87.1)
Age (y) 35-44 23(24.2) 72(75.8) 38.7+9.00" 0.026
45-54 23(28.7) 57(71.3)
<54 4(36.4) 7(63.6)
Women 41(22.3%) 143(77.7) 184(62.4)
Sex 0.48
Men 29(26.1%) 82(73.9) 111(37.6)
HCWs** 54(24.2%) 169(75.8) 223(75.5)
Occupation 0.050
ADSs*** 10(13.8%) 62(86.2) 72(24.5)
Close contact with a COVID-19 Yes 53(23.1%) 176(76.9) 229(77.7) 0.49
patient No 17(25.7%) 49(74.3) 66(22.3) '
History of respiratory problems and Yes 39(42.4%) 53(57.6) 92(31.2) 0.001****
CovID-19 No 31(15.3%) 172(84.7) 203(68.8) ’

Journal of
*** Administrative department staff; **** Significant relationship. Inflammatory Diseases
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Table 3. SARS-CoV-2 Igg titer categories of participants to the classification of previous exposure to COVID-19 according to the presence
of clinical criteria

No. (%)
C'a)teggrles 18G Antibody P
osftive Total
Positive Negative Borderline
High possibility 44(43.6) 57(56.4) 0 101(34.2)
Medi ibilit . 1 2 26(8.
Categories of participants based edium possibility §(30.8) 8(69.2) 0 6(8.8) 0.001%
linical criteri )
on clinical criteria Low possibility 3(7.9) 35(92.1) 0 38(12.9)
Asymptomatic 15(11.5) 115(88.5) 0 130(44.1)
Traveling out of town during the Yes 99(70) 44(30) 0 143(48.5) 0.049%
COVID-19 pandemic No 29(19.1) 123(80.9) 0 152(51.5) :

* Significant relationship.

Table 4. Logistic regression modeling to assess the effect of confounding variables on positive results

Confounding Variables Groups OR (95% Cl) P

N Ref
Traveling out of town during © elerences group

the COVID-19 pandemic

Yes 0.18(0.08-0.74) 0.001***
HCWs* References group
Occupation
ADSs** 0.2(0.01-0.94) <0.05***
Women References group
Sex
Men 0.81(0.41-1.58) 0.529
Close contact with a COVID-19 No R Cne ety
patient Yes 0.54(0.2-1.42) 0211
History of respiratory problems No References group
and COVID-19 Yes 0.15(0.01-1.94) <0.05%**
Asymptomatic References group
Low possibility 0.71(0.19-2.71) 0.616
Possibility
Medium possibility 4.83(1.6-14.56) 0.005
High possibility 8.09(3.7-17.66) <0.001
25< References group
25-34 0.16(0.04-0.64) 0.009%**
Age (y) 35-44 0.35(0.09-1.33) 0.125
45-54 0.56(0.14-2.15) 0.394
54> 0.67(0.1-4.36) 0.675

* Healthcare workers; ** Administrative department staff; *** Significant relationship.
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Assessment of logistic regression of confounding
variables on positive results

The logistic regression modeling was conducted to
assess the effect of confounding variables, including
travel, occupation, sex, age, clinical signs, etc., on posi-
tive results. The results of logistic regression modeling
indicated that traveling (OR: 018, 95% CI: 0.08-0.74,
P=0.001), occupation (OR: 0.2, 95% CI: 0.01-0.94,
P<0.05), history of respiratory problems (OR: 0.15, 95%
CI: 0.01-1.94, P<0.05), major clinical signs (OR: 8.09,
95% CI: 3.7-17.66, P<0.001), and age (OR: 0.16, 95%
CI: 0.04-0.64, P=0.009) are important factors influenc-
ing SARS-CoV-2 IgG antibody positivity (Table 4).

In the present study, 15 out of 130 (11.5%) HCWs had
been infected with SARS-CoV-2 without any symp-
toms. It was found that HCWs are a high-risk group to
be exposed to SARS-CoV-2 infection, and a significant
number of them may be asymptomatic but spread the in-
fection. Also, major signs, especially fever, dry cough,
and fatigue, are common symptoms of SARS-CoV-2
infection among HCWs, and they should be considered
infected if they show such symptoms. The infection rates
among HCWs are 14% and 7.1% in symptomatic and
asymptomatic forms, respectively. These numbers are
higher than the general population and suggest an oc-
cupational risk [16, 17].

In the current study, 54 out 0f 223 (24.2%) HCWs had
previous exposure to COVID-19, nearly double that of
the non-medical staff (24.2% vs 13.8%). It seems that
essential factors in increased HCWs exposure may in-
clude close contact with COVID-19 patients, HCW to
HCW transmission, and travel during the COVID-19
pandemic [18]. Most concerns are about HCW to HCW
transmission because space limitations in many medi-
cal centers prevent compliance with social distance.
In addition to evidence of nosocomial transmission,
this factor has caused recent changes to the Rafsanjan
health center’s policy on using masks.

Several studies have assessed the seroprevalence of
SARS-CoV-2 antibodies in HCWs of medical centers
in Iran. These reports revealed that seroprevalence var-
ies widely, with rates as high as 23% and as low as 5%
[13, 14, 19], and this range may reflect the difference in
COVID-19 burden in different cities of Iran. In compari-
son with other countries, the prevalence of COVID-19
among the HCWs in Dutch hospitals [20], British teach-
ing hospitals [21], and Denmark [15] revealed that the
seroprevalence rates of SARS-CoV-2 are 6%, 3%, and

4%, respectively. The results of the present study showed
that the seroprevalence of SARS-CoV-2 antibodies in
HCWs in a small city like Rafsanjan is very high.

In our study, both symptomatic and asymptomatic
HCWs were screened, and it was found that 15 out of
130 (11.5%) asymptomatic HCWs had been infected
with SARS-CoV-2. Several studies have revealed the
prevalence of asymptomatic COVID-19 among HCWs,
ranging from 0% to 100% [21-26]. In this regard, Fakhim
H. et al. reported that 66% of HCWs with the confirmed
disease had no symptoms [22]. A systematic review and
meta-analysis by Ma, Qiuyue, et al. evaluated the global
percentage of asymptomatic SARS-CoV-2 infections
among the tested population and individuals with con-
firmed COVID-19 diagnosis and revealed that 40.50%
of the confirmed-COVID-19 population are asymptom-
atic [27]. Also, Subramanian, R. et al., by computational
modeling (with observed cases, serology tests, and test-
ing capacity), showed a 50% COVID-19 transmission
rate among asymptomatic individuals [28]. Overall,
this large number may be due to a systemic problem,
which must be addressed. Since front-line HCWs have
close contact with COVID-19 patients, they might carry
the virus without presenting any symptoms for several
weeks. So, HCWs’ communication, such as travelling,
must be controlled, and they should be checked regularly
for possible infections [29]. Iran has passed five peaks of
COVID-19 since the beginning of the COVID-19 pan-
demic. HCWs were involved in the same periods in our
city. So, there is a justifiable high seroprevalence of CO-
VID-19 among the HCWs in this region.

Finally, travel increases the chances of spreading and
getting COVID-19 infection. Centers for Disease Con-
trol and Prevention (CDC) and the Minnesota Depart-
ment of Health (MDH) recommend that high-exposure
groups like HCWs do not travel at COVID-19 peaks
[30]. Our results indicated that the travel of HCWs dur-
ing the COVID-19 pandemic was associated with posi-
tive SARS-CoV-2 IgG antibodies.

The limitation of this report is that we did not check
SARS-CoV-2 IgG antibodies among HCWs before
they traveled. Other limitations of the current study
were issues with sample and selection, the insufficient
sample size for statistical measurement, lack of previ-
ous research studies in Rafsanjan City, and confound-
ing factors that have not been identified and their ef-
fects have not been justified.
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The main findings indicated an occupational risk for
SARS-CoV-2 infection among HCWs, and major signs, es-
pecially fever, dry cough, and fatigue, are common symp-
toms of SARS-CoV-2 infection among HCWs, and they
should be considered infected if they showed such symp-
toms. Also, some HCWs (11.5%) are asymptomatic. Their
communication, such as traveling, must be controlled, and
they should be checked regularly for infections. Also, it is
necessary to ensure the safety of HCWs and reduce their
transfer to the community and patients, and these actions
may reduce the ongoing SARS-CoV-2 pandemic.
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