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ABSTRACT

Background and Objectives: Health care workers (HCWSs) are a high-risk group for acquiring and transmitting severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) infection. Aim of the study was the evaluation of sero-prevalence of
SARS-CoV-2 in a random sample of HCWs at a large acute care hospital in Iran.

Materials and Methods: We collected blood samples of 180 medical staffs from September 22, 2020 to January 26, 2021. The
enzyme linked immunosorbent assays (ELISA) tests were used for evaluation of the presence of IgG antibodies. Participants
completed a self-report questionnaire, comprising demographics, occupational, the work area, and personal protection data.
Results: Of the 180 HCWs who participated in this study, 44 (24.4%) were seropositive for anti-SARS-CoV-2 IgG. The
percentage of 1gG positivity was higher in males than females (P<0.05). Also, there was statistically significant difference
between presence of the antibodies and the occupation, location, and infecting family members with Covid -1 (P<0.05).
Other factors did not associate significantly to antibody presence against SARS-CoV-2 (P>0.05).

Conclusion: According to this point that the number of COVID-19 cases is still growing rapidly among HCWSs. So, the epi-
demiological estimate of SARS-CoV-2 infection remains a major challenge that is needed to prevent the spread of infection
in the hospitals.
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INTRODUCTION COV-2 is one of the enveloped viruses with a large
plus-strand RNA genome. The virus is part of the
Severe acute respiratory syndrome coronavirus 2 Coronaviridae family, which is commonly known as

(SARS-CoV-2), also known as the 2019 novel coro-  the cause of seasonal colds (2). But in recent years,
navirus (2019-nCoV) (1). In 2019, it rapidly startedto ~ the Coronaviridae family has become life-threaten-
spread all over the world from Wuhan city. SARS- ingsuch as severe acute respiratory syndrome coro-
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navirus (SARS-CoV) in 2003, Middle East respirato-
ry syndrome coronavirus (MERS-CoV) in 2012, and
2019 novel coronavirus (2019-nCoV, later officially
named SARS-CoV-2) in late December 2019. SARS-
CoV-2 has a genetic similarity of about 70 percent to
SARS-CoV-1. The virus infected about 800 people
between 2003 and 2003, with an estimated mortality
rate of 4-7 percent (3).

COVID-19 can be caused by SARS-CoV-2 infec-
tion. COVID-19 has a wide range of clinical symp-
toms. Suffering ranges from asymptomatic to acute
respiratory syndrome and multi-organ dysfunction
involvement. Symptoms of the COVID-19 are sim-
ilar to the symptoms of flu-like symptoms, which
include fever, cough, sore throat, headache, fatigue,
headache, myalgia and breathlessness (4-5). On the
11" of March 2020, COVID-19 was declared a pan-
demic disease by the World Health Organization. In
total 112,456,453 confirmed COVID-19 infections
and 2,497,514 deaths (fatality rate 7.1%) were report-
ed worldwide (2/26/2021) by the WHO. It seems that
both humoral and cellular immune systems are in-
volved in the immunization of the individual against
the SARS-CoV-2 virus. IgM and IgG antibodies can
be detected 1-2 weeks after infection (6). However,
no link has yet been found between neutralizing
antibodies, However, the association between neu-
tralizing antibodies and T-cell, disease severity and
clinical outcomes has not been found (7), but conva-
lescent plasma as a treatment option (8), and studies
have shown that the level of antibody titer is directly
related to the severity of the disease (9). It is notewor-
thy that the level of antibodies in individuals decreas-
es over time and the severity of this decrease is much
higher in asymptomatic individuals (9-10). Major
neutralizing antibodies target the S1 of the spike (S)
protein and prevent virus fusion to the host cell (11-
12). High levels of antibodies against N protein are
also seen in people infected with the SARS-CoV-2
(13). Enzyme-Linked Immunosorbent Assay (ELI-
SA) is a highly efficient as well as high-speed and
safe method for analyzing antibody titers against N
protein (14-16). According to the studies, IgM reac-
tion to the Sand N proteins in SARS-COV-2 peaks
four weeks after the appearance of symptoms and
is no longer detectable three months later, although
1gG was identified about the fourteenth days follow-
ing the occurrence of symptoms and was detectable
for up to 36 months (17-18). However, there is still
a discrepancy between the stability of the antibody
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titer aginst of SARS-COV-2 in individuals.

Health-care workers (HCWSs) working in the de-
partment of hospital-related to COVID-19 disease,
in addition to playing a vital role in combating the
pandemic and providing health services, are known
as high-risk persons to outbreaks of the disease (19-
20). Therefore, knowledge of the health and safety
of these HCWs is very important. According to the
above, the purpose of this study was to investigate the
seroepidemiology of SARS-COV-2 virus in HCWs
in the department of hospital-related to COVID-19 of
Valiasr Hospital in Birjand city.

MATERIALS AND METHODS

Study design. This study was approved by the
Birjand University of Medical Sciences (BUMS).
HCWs work in the department of hospital-related
to COVID-19. The proposal was approved by the
ethics committee of BUMS (The ethic cod number:
IR.BUMS.REC.1399.108). After written, informed
consent, we enrolled 180 employees of the Valiasr
Hospital. The study was carried out between Sep-
tember 22, 2020 to January 26, 2021, blood samples
were collected by nursing staff and the presence of
SARS-CoV-2 antibodies (in particular of the IgG
class) in serum was analyzed. In addition, each sub-
ject completed a questionnaire. All data was collected
in strictly pseudonymous form according to the study
protocol. Epidemiological, clinical, and laborato-
ry data were collected in all HCWs. This question-
naire contained information about age group, gen-
der, profession, location, underlying disease, family
member with COVID-19, area of care, occupational
stress, and safety equipment. Serum samples were
collected in clinical laboratories in the hospital. All
samples were stored at -20°C before testing. Detec-
tion of anti-N (nucleocapsid) SARS-CoV-2 antibodies
was performed using SARS-CoV-2 IgG ELISA Kits
(Pishtaz Teb, Iran; Catalogue No. PT-SARS-CoV-2.
1gG-96) according to the manufacturer's protocol. In
brief, a volume of 100 pL of diluted specimens (1:101)
was applied to a 96-well microplate (coated with N
protein) and incubated at 37°C for 30 minutes. The
microtiter were washed five times and shaken. Then,
the wells were filled with 100 uL of anti-human IgG
-HRP conjugate and incubated at 37°C for 30 min-
utes. Following the secondary wash cycle, 100 uL of
chromogen- substrate solution was added to the wells
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and incubated at 37°C for 15 minutes. Finally, the re-
action was arrested by applying 100 pl of stop solution
to the wells. Within 30 minutes, each well's optical
density (OD) was measured using a microplate reader
set to 450 nm (Using 630 nm filter as the reference
filter). The antibody concentration was calculated as
the ratio of OD to the cut-off value. Accordingly, the
samples higher than 1.1 considered as positive, and
those less than 0.9 assigns as negative, and those be-
tween these two values, 0.9-1.1, were considered as
suspicious or equivocal, and tested again with fresh
serum/plasma sample after a while.

Statistical analysis was processed with SPSS statis-
tical package (SPSS Inc., Chicago, IL, USA). Statis-
tical analyses were based on population, defined as
subjects who gave a blood probe and completed the
questionnaire. The results are presented as frequen-
cies. Differences between groups were analyzed by 2
test. P-values <0.05 were interpreted as statistically
significant.

RESULTS

Characteristics of study participants. The study
period was 18 weeks and it began on September 22,
2020. We tested 180 HCWs in a large COVID-19
reference hospital in Birjand city, Iran. Of whom,
61.7% (111) were female, and 38.3% (69) were
male. The ages of those tested ranged from 20 to 58
years; the mean age was 34.47 (+8.99). The majority
of study participants were working in infectious dis-
eses (27.2%; n=49), followed by laboratory (21.7%;
n=39), and Hospital emergency (17.8%; n=32) wards.
Of note, 67.7% of HCWs had close contact with
SARS-CoV-2- positive patients. Table 1 provides an
overview of the characteristics of the participants in
this study.

Anti-SARS-CoV-2 IgG antibodies. Overall, 44
(24.4%) of participants were seropositive for anti-
SARS-CoV-2 IgG. The percentage of 1gG positivity
was higher in males than females, and there were a
significance differences between in these two groups
(P=0.03). Among seropositive HCWSs, there were no
statistically significant associations between age and
the presence of anti-SARS-CoV-2 1gG antibodies
(P=0.24).

The data demonstrate that there were a statistically
significant associations between presence of antibod-
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ies and the occupation (P<0.05). Among the HCWs
occupational groups, nurse and Hospital service work-
ers had the highest seroprevalence rates, followed
by physicians and Laboratory technician. Based on
work area,the seroprevalence was highest in those
working in the infectious diseases (10%; n=18) and
Hospital emergency (5.6%; n=10) wards and lowest
in participants working in pediatric ward and radiol-
ogy (0.6%; n=1). Furthermore, the logistic regression
analysis showed that the chances of getting infected
with Covid-19 in HCWs working in infectious diseas-
es, emergency medicine and internal wards were 4/93,
3/86, and 4/86 times higher from the administrative
staff, respectively. The other characteristics studied,
including marital status, education,working hours,oc-
cupational stress, work experience, and night work,
did not show any statistically significant association
with presence of antibodies to SARS-CoV-2 (Table
1). On the contrary, there were a significant difference
between the seroprevalence of antibodies with loca-
tion and infecting family members with Covid -19
(P<0.05).

Although one of the important factor which could be
associated to the infection rate is the use of personal
protective equipment such as hand washing, masks,
gloves, coveralls, and protective shield. The surgical
mask was the most accessible instrument for health
care workers. But, in the current study, no statistically
significant differences were found between the use of
personal protective equipment and the 1gG prevalence
(Table 2).

DISCUSSION

In the present study, the number of people who
worked in Corona Health Center and had a history
of COVID-19 was reported to be 22.9%, of which
the highest prevalence was observed among women
under 30 years of age. However there was no signifi-
cant difference between sex and COVID-19 was de-
tected in this research. On the other hand a study in
Sotgiu showed that the prevelance of IgM is higher
in men than women (24% vs 9.1%) (21) wheras the
other finding suggested that the seroprevalence of
SARS-CoV-2 1gG antibody is higher in female than
men (22).

In general, COVID-19 has strong focus for invest-
ment of nurses and health personnel to achieve global
health (23). According to this point that transmission
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Table 1. Seroprevalence of SARS-CoV-2-specific IgG antibodies in HCWs in the Valiasr Hospital of Birjand, Iran

No. (%) of participants Seroprevalence (95% Cl), % P value
Overall 180 24.4% (18.2-30.7) P=0.03
Sex Male 69 (38.3) 12.8 (7.9-17.7)
Female 111 (61.7) 11.7 (7-16.4)
Age, y <30 72 (40) 9.1 (4.8-13.3) P=0.24
31-40 61 (33.9) 6.3 (2.7-9.8)
>41 47 (26.1) 8.6 (4.5-12.7)
Location Village 177 (98.3) 22.5 (16.4-28.6) P=0.002
Town 3(1.7) 1.7 (0-3.6)
Underlying disease Yes 15 (8.3) 1.7 (0-3.6) P=0.68
No 165 (91.7) 22.8 (16.7-28.9)
Family member with Yes 62 (34.4) 13.2 (8.2-18.1) P=0.002
COVID-19 No 118 (65.6) 10.9 (6.3-15.4)
Occupation Physician 32 (17.8) 3.9(1.1-6.7) P=0.004
Nurse 60 (33.3) 9.4 (5.1-13.7)
Laboratory technician 34 (18.9) 2.2 (0-4.3)
Hospital service workers 38 (21.1) 8.9 (4.7-13)
Administrative staff 16 (8.9) 0 (0-0)
Avrea of care Infectious diseases 49 (27.2) 10 (5.6-14.4) P=0.09
Hospital emergency 32 (17.8) 5.6 (2.2-8.9)
Intensive care unit 13(7.2) 1.1 (0-2.6)
Internal ward 11 (6.1) 2.2 (0-4.3)
Pediatric ward 14 (7.8) 0.6 (0-1.7)
Radiology 37 0.6 (0-1.7)
Laboratory 39 (21.7) 3.3(0.6-5.9)
Administrative department 19 (10.5) 1.1 (0-2.6)
Working hours (week) <45 96 (53.3) 11.3 (6.7-15.9) P=0.58
>45 84 (46.7) 12.8 (7.9-17.7)
Night shift (month) <2 93 (51.7) 13.3(8.3-18.3) P=0.19
3-6 77 (42.8) 10.9 (6.3-15.4)
>7 10 (5.5) 3.1(0-5.6)
Work experience <2 35(19.4) 4.1(1.2-7) P=0.98
3-10 67 (37.2) 8.9 (4.7-13)
11-20 55 (30.6) 7.5 (3.6-11.3)
>21 23(12.8) 2.7(0.3-5.1)
Occupational stress Yes 104 (57.8) 13.2 (8.2-18.1) P=0.62
No 76 (42.2) 10.9 (6.3-15.4)

of SARS-CoV-2 through hospitals is common, and
COVID-19 is a huge threat to HCP and global public
health systems, the prevalence and associated factors
of SARS-CoV-2 infection are very important among
HCWs caring for COVID-19 patients (24). Consider-
ing the importance of preventing the transmission of
biological agents such as corona virus among HCP
in the workplace and hospitals, and according to that
these employees have contact more with suspects or
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infected patients, and particularly the risk of disease
is high during caring and transporting. So, effective
strategies have been developed to minimize SARS-
CoV-2 in healthcare settings including the use of pro-
tective equipment, appropriate clothing, COVID-19
pre-task training and quarantine for those working in
COVID-19 departments (22).

Many national and regional studies have estimat-
ed the prevalence of IgG SARS-CoV-2 antibodies in
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Table 2. The use of personal protective equipment and the 1gG prevalence antibodies in HCWs in the Valiasr Hospital of

Birjand, Iran

Personal protection Always  Mostly  Sometimes  Rarely Never Mean + sd x? P-value
Mask M3 10.3% 3% 4.2% 36.1% 56.4% 1.85+1.28 X*=191 P=0.7
N95 Mask 51.1% 15.9% 14.2% 8.5% 10.2% 3.89+£1.38 X*=9.81 P=0.04
Surgical mask 72.4% 14.1% 4.7% 5.3% 3.5% 446+1.04 X°=326 P=0.51
without mask 5.5% 1.2% 0.6% 27.9% 64.8% 154+099 X?=1.73 P=0.82
Gloves 65% 16.4% 10.2% 5.1% 3.4% 434+1.07 X3=3.19 P=0.55
Shield 41.7% 20% 14.9% 10.9% 12.6% 3.67+143 X?=555 P=0.24
Gun 43.8% 14.2% 11.9% 15.9% 14.2% 357+£152 X*=5.02 P=0.28
Hand washing 87.5% 11.4% 0.6% 0 0.6% 485+045 X°=514  P=0.18

the population. Diagnosis and serological tests for
detection of SARS-COV-2 virus in throat and nasal
are used in clinical studies of HCWs (25). Howev-
er prevalence rates of serum IgG antibodies against
SARS-CoV-2 among HCWs vary widely. For ex-
ample, in Europe, Germany, Greece, Croatia and
Austria reported lower prevalence of seroprevalence
in the HCW group (1%, 1.07%, 2%, 3.2%, respec-
tively), While Belgium and Spain had the highest
seroprevalence of SARS-CoV-2 (6.4%, 9.3%, respec-
tively) (26). In a meta-analysis study, the prevalence
of specific seroprevalence of SARS-CoV-2 was var-
ied from 0.37 to 22.1% in health care population (27).
However the other study with 2.3 million people
from 50 countries showed that the seroprevalence of
SARS-CoV-2 in the population was low (3.2%) (28).
On the other hand, another study suggested that the
level of 1gG or IgM against SARS-CoV-2 in the hos-
pital was 2.5% (6919/170), which was higher than in
the community (0.8%, 81/10,449) (29). Differencesin
future actions against the virus could be related to re-
gional variations of seroprevalence of SARS-CoV-2
IgG antibodies. Analysis shows that seroprevalence
of SARS-CoV-2 is higher in the United States com-
pared to Europe and East Asia (30).

In the UK, the seroprevalence of SARS-CoV-2 was
reported 10.6% among 405 asymptomatic HCWSs
and 44.7% among 1,299 asymptomatic HCWs. In
addition the highest rate of seroprevalence of SARS-
CoV-2 was found among staff in a clinical setting who
had direct contact with COVID-19 patients (34.7%)
and the lowest rate was belong to those working in
non-clinical setting with no patient contact (22.6)
(32). In contrast, a study in the United States demon-
strated that the seroprevalence of SARS-CoV-2 in
employees who exposed to COVID-19 was similar
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to that of non-exposed individuals, suggesting that
personal protective equipment (PPE) was effective in
preventing of COVID-19 infection in HCWs. Anoth-
er study with similar findings show that the preva-
lence of serum was lower among staff who used face
masks when caring for patients (6%) than among
those who did not (9%) (32). In a review study, no
association was detected between the incidence of
COVID-19 and seroprevalence (33). These findings
may be due to differences in seroprevalence of an-
ti-SARS-CoV-2 antibodies in different countries,
time, age, sex, methods used for serological testing
and duration of COVID-19. Therefore, the reported
seroprevalence can only reflect the time and place
where the research was performed using a specific
test method.

CONCLUSION

According to this point that the number of COVID-19
cases is still growing rapidly and significantly high
prevalence of 1IgG among HCWs indicates a high rate
of past infection. So, the epidemiological estimate of
SARS-CoV-2 infection remains a major challenge
that is needed to prevent the spread of infection in
the hospital. In addition HCW routine testing for
SARS-CoV-2 should be considered after vaccination
to identify areas of increased transmission.

REFERENCES

1. Machhi J, Herskovitz J, Senan AM, Dutta D, Nath
B, Oleynikov MD, et al. The natural history, patho-

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

SEROPREVALENCE OF SARS-COV-2 AMONG HEALTH-CARE WORKERS

biology, and clinical manifestations of SARS-CoV-2
infections. J Neuroimmune Pharmacol 2020;15:359-
386.

2. Asghari A, NaseriM, Safari H, Saboory E, Parsamanesh

N. The novel insight of SARS-CoV-2 molecular biolo-
gy and pathogenesis and therapeutic options. DNA Cell
Biol 2020; 39: 1741-1753.

Payne S. Family Coronaviridae. Viruses 2017; 149-158.
Nobel YR, Phipps M, Zucker J, Lebwohl B, Wang TC,
Sobieszczyk ME, et al. Gastrointestinal symptoms and
coronavirus disease 2019: A case-control study from
the United States. Gastroenterology 2020; 159(1): 373-
375.e2.

5. Lovato A, de Filippis C, Marioni G. Upper airway symp-

10.

11.

12.

13.

14.

15.

16.

http://ijm.tums.ac.ir

toms in coronavirus disease 2019 (COVID-19). Am J
Otolaryngol 2020; 41: 102474.

Zhukova A, Blassel L, Lemoine F, Morel M, Voznica
J, Gascuel O. Origin, evolution and global spread of
SARS-CoV-2. C R Biol 2020: 10.5802/crbiol.29.

NiL, Ye F, Cheng ML, Feng Y, DengYQ, Zhao H, et al.
Detection of SARS-CoV-2-specific humoral and cellu-
lar immunity in COVID-19 convalescent individuals.
Immunity 2020; 52: 971-977.e3.

Shen C, Wang Z, Zhao F, YangY, Li J, Yuan J, et al.
Treatment of 5 critically 11l patients with COVID-19
with convalescent plasma. JAMA 2020; 323: 1582-1589.
Torjesen I. Covid-19 will become endemic but with
decreased potency over time, scientists believe. BMJ
2021; 372: n494.

Long QX, Tang XJ, Shi QL, Li Q, Deng HJ, Yuan J, et
al. Clinical and immunological assessment of asymp-
tomatic SARS-CoV-2 infections. Nat Med 2020; 26:
1200-1204.

Walls A C, ParkYJ, Tortorici MA, Wall A, McGuire
AT, Veesler D. Structure, function, and antigenicity of
the SARS-CoV-2 spike glycoprotein. Cell 2020; 181:
281-292.€6.

Jiang S, Hillyer C, Du L. Neutralizing antibodies
against SARS-CoV-2 and other human coronaviruses.
Trends Immunol 2020; 41: 355-359.

LiuW, LiuL, Kou G, ZhengY, Ding Y, Ni W, et al.
Evaluation of nucleocapsid and spike protein-based en-
zyme-linked immunosorbent assays for detecting an-
tibodies against SARS-CoV-2. J Clin Microbiol 2020;
58(6): e00461-20.

Singh A, Shaikh A, Singh R, Singh AK. COVID-19:
From bench to bed side. Diabetes Metab Syndr 2020;
14: 277-281.

Ong DSY, Fragkou PC, Schweitzer VA, Chemaly RF,
Moschopoulos CD, Skevaki C, et al. How to interpret
and use COVID-19 serology and immunology tests.
Clin Microbiol Infect 2021; 27:981-986.

Wang Y, Wang Y, Chen Y, Qin Q. Unique epidemio-
logical and clinical features of the emerging 2019

17.

18.

19.

20.

novel coronavirus pneumonia (COVID-19) implicate
special control measures. J Med Virol 2020; 92: 568-
576.

Siracusano G, Pastori C, Lopalco L. Humoral immune
responses in COVID-19 patients: a window on the state
of the art. Front Immunol 2020; 11: 1049.

Huang AT, Garcia-Carreras B, Hitchings MDT, Yang
B, Katzelnick LC, Rattigan SM, et al. A systematic re-
view of antibody mediated immunity to coronaviruses:
kinetics, correlates of protection, and association with
severity. Nat Commun 2020; 11: 4704.

Rudberg AS, Havervall S, Manberg A, Jernbom Falk
A, Aguilera K, Ng H, et al. SARS-CoV-2 exposure,
symptoms and seroprevalence in healthcare workers in
Sweden. Nat Commun 2020; 11: 5064.

Canova V, Lederer Schlapfer H, Piso RJ, Droll A, Fen-
ner L, Hoffmann T, et al. Transmission risk of SARS-
CoV-2 to healthcare workers—observational results of a
primary care hospital contact tracing. Swiss Med Wkly
2020; 150: w20257.

21. Sotgiu G, Barassi A, Miozzo M, Saderi L, Piana A, Or-

22.

23.

24,

25.

26.

27.

28.

IRAN. J. MICROBIOL. Volume 14 Number 2 (April 2022) 138-144

feo N, et al. SARS-CoV-2 specific serological pattern
in healthcare workers of an Italian COVI1D-19 forefront
hospital. BMC Pulm Med 2020; 20: 203.

DuanS, Zhou M, Zhang W, Shen J, Qi R, Qin X, et
al. Seroprevalence and asymptomatic carrier status of
SARS-CoV-2 in Wuhan city and other places of China.
PLoS Negl Trop Dis 2021; 15(1): e0008975.

Taylor AL, Hwenda L, Larsen BI, Daulaire N. Stem-
ming the brain drain--a WHO global code of practice
on international recruitment of health personnel. N
Engl J Med 2011; 365: 2348-2351.

GoOmez-Ochoa SA, Franco OH, Rojas LZ, Raguindin
PF, Roa-Diaz ZM, Wyssmann BM, et al. COVID-19
in health-care workers: a living systematic review and
meta-analysis of prevalence, risk factors, clinical char-
acteristics, and outcomes. Am J Epidemiol 2021; 190:
161-175.

Lan FY, Filler R, Mathew S, Buley J, lliaki E, Bru-
no-Murtha LA, et al. COVID-19 symptoms predictive
of healthcare workers’ SARS-CoV-2 PCR results. PLoS
One 2020; 15(6): €0235460.

Goldblatt D, Johnson M, Falup-Pecurariu O, lvaskev-
iciene I, Spoulou V, Tamm E, et al. Cross-sectional
prevalence of SARS-CoV-2 antibodies in healthcare
workers in paediatric facilities in eight countries. J
Hosp Infect 2021; 110: 60-66.

Bobrovitz N, Arora RK, Cao C, Boucher E, Liu M,
Donnici C, et al. Global seroprevalence of SARS-
CoV-2 antibodies: a systematic review and meta-analy-
sis. PLoS One 2021;16(6): e0252617.

StringhiniS, Wisniak A, Piumatti G, Azman AS,
Lauer SA, Baysson H, et al. Seroprevalence of anti-
SARS-CoV-2 IgG antibodies in Geneva, Switzerland

143


http://ijm.tums.ac.ir/

ABDOL SATTAR PAGHEH ET AL.

(SEROCoV-POP): a population-based study. Lancet

2020; 396: 313-319.
29. Xu X, SunJ, Nie S, Li H, Kong Y, Liang M, et al.
Seroprevalence of immunoglobulin M and G antibod-

ies against SARS-CoV-2 in China. Nat Med 2020; 26: 32.

1193-1195.

30.

Hossain A, Nasrullah SM, Tasnim Z,
Hasan MM. Seroprevalence of SARS-CoV-2 IgG

Hasan MK,

antibodies among health care workers prior to vac-
cine administration in Europe, the USA and East

Asia:

A systematic

EClinicalMedicine 2021; 33: 100770.
31. GrantJJ, Wilmore SMS, McCann NS, Donnelly O, Lai

144

IRAN. J. MICROBIOL. Volume 14 Number 2 (April 2022) 138-144

review and meta-analysis. 33

RWL, Kinsella MJ, et al. Seroprevalence of SARS-
CoV-2 antibodies in healthcare workers at a London
NHS Trust. Infect Control Hosp Epidemiol 2020; 42:
212-214.

Self WH, Tenforde MW, Stubblefield WB, Feldstein
LR, Steingrub JS, Shapiro NI, et al. Seroprevalence of
SARS-CoV-2 among frontline health care personnel in
a multistate hospital network-13 academic medical cen-
ters, 2020, April-june. MMWR Morb Mortal Wkly Rep
2020; 69: 1221-1226.

Lai CC, Wang JH, Hsueh PR. Population-based sero-
prevalence surveys of anti-SARS-CoV-2 antibody: An
up-to-date review. Int J Infect Dis 2020; 101:314-332.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

