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Abstract: Healthcare workers (HCWs), as frontliners, are assumed to be among the highest risk
groups for COVID-19 infection, especially HCWs directly involved in patient care. However, the data
on the COVID-19 infection and seroprevalence rates are limited in HCWs. Therefore, we aimed to
evaluate the seroprevalence rates in HCWs according to risk groups for COVID-19 contraction in a
large cross-sectional study from a tertiary care hospital in Turkey. We enrolled 1974 HCWs before the
vaccination programs. In two separate semi-quantitative ELISAs, either IgA or IgG antibodies against
SARS-CoV-2 spike protein subunit 1 (S1) were measured. The proportion of positive test results for
IgG, IgA, or both against SARS-CoV-2 of study subjects was 19% (375/1974). Frontline HCWs who
had contact with patients (21.7%, RR 2.1 [1.51-2.92]) and HCWs in working in the COVID-19 units,
intensive care units, or emergency department (19.7%, RR 1.61 [1.12-2.32]) had a notably higher
Anti-SARS-CoV-2 IgG compared to the rest of HCWs who has no daily patient contacts ([11.1%];
p <0.0001). HCWs who care for regular patients in the medium-risk group have also experienced
a sustained higher risk of exposure to SARS-CoV-2. We should enhance the precaution against
COVID-19 to protect HCW'’s safety through challenging times.
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1. Introduction

Towards December 2019, a novel coronavirus was first identified in a cluster of pneu-
monia cases in Wuhan, Hubei Province, China. On 11 March 2020, the World Health Orga-
nization (WHO) had declared the novel coronavirus outbreak as a global pandemic [1,2].
As of 7 September 2021, more than 200 million cases of COVID-19 have been documented
globally, and the pandemic has left close to 4.6 million people dead [3,4]. While coronavirus
disease 2019 (COVID-19) remains a serious concern, front-line healthcare workers (HCWs)
are one of the highest-risk occupational groups for COVID-19 infection, since they have
contact with both COVID-19 patients and other healthcare professionals [5,6]. Initial esti-
mates suggest that front-line HCWs may account for 10-20% of all COVID-19 diagnoses,
and subsequent calculations based on meta-analyses of antibody prevalence from several
countries demonstrate that the presence of IgG and/or IgM antibodies among HCWs has
been found to vary between 7% and 9% [7-10]. In addition, it has been suggested that HCW
may have a higher viral load and worse clinical outcomes than the general population due
to repeated exposure to the virus. Still, the available data are conflicting [5,6,11].
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It should be noted, however, that the risk of infection is not the same in every HCW
group. Some HCW groups have a higher risk of infection than others with a medium risk
of infection [5]. Apart from patient contact, risk factors associated with seroprevalence
are still uncertain. Furthermore, it remains unclear whether individual or work-related
characteristics, including occupation with direct patient care or regular patient contact,
increase the risk of COVID-19 infection [8,9,12,13].

Seroprevalence of SARS-CoV-2 antibodies among HCWs must be determined to
identify the level of exposure among HCWs, know high-risk groups in HCWs, and ex-
plain the transmission of COVID-19 among HCWs. It might also help understand the
asymptomatic spread of SARS-CoV-2 and the infection control committee’s efficacy in
preventive measures [1,2,7,14,15]. This paper aimed to investigate the seroprevalence of
SARS-CoV-2 antibodies in a random sample of HCWs from a large tertiary care hospital
and determine risk factors associated with it among HCWs. The secondary aim is to esti-
mate the baseline prevalence of SARS-CoV-2 carriage among previously undiagnosed and
asymptomatic HCWs.

2. Materials and Methods
2.1. Study Design

In this study, we invited HCWs for serological testing within the scope of surveil-
lance who worked at Hacettepe University Hospitals (including physicians, nurses, lab
technicians, medical students, etc.). We recorded participant characteristics, history of
medical conditions, demographics, occupational factors, family history of COVID-19 dis-
ease, symptoms that might be related to infection, and results of PCR testing. Additionally,
we asked participants to complete a questionnaire and donate a venous blood sample for
serologic testing from 15 October 2020, to 18 October 2020. The study was performed at an
early pandemic stage before the vaccination program in Turkey when serum antibodies for
SARS-CoV-2 could not be routinely performed outside the research. In total, 1974 HCWs
were recruited for this study.

HCW who has seroposivity against SARS-CoV-2 with no previous history of COVID-19 di-
agnosis and/or symptoms related to COVID-19 infection noted to have asymptomatic infection.

2.2. Samples Collection and SARS-CoV-2 Antibody Testing

The presence of IgA and IgG antibodies against SARS-CoV-2 was tested concurrently
in the blood samples collected from the HCWs. The blood samples taken into sterile gel
blood tubes were centrifuged at 3500 RPM for 10 min to obtain serum samples. Serum
samples were heat-inactivated at 56 °C for 30 min, the rest serum samples were transferred
to 2 mL cryovial microtubes, and the samples stored at 4 °C were used within five days.
Before the ELISA testing, all models were held at room temperature and centrifuged briefly.
The Anti-SARS-CoV-2 IgG and IgA ELISAs (Euroimmun Medizinische Labordiagnostika,
Liibeck, Germany; Cat # EI 2606-9601 G and EI 2606-9601 A) were performed according
to the manufacturer’s instructions. In two separate semi-quantitative ELISAs, IgA or IgG
antibodies against SARS-CoV-2 spike protein subunit 1 (S1) are detected in human serum.
According to the manufacturer’s recommendations, the IgG and Ig A index of serum
(100 puL) samples with a value of 0.8 are negative, 0.8 and 1.1 borderline, and 1.1 positives.
However, 1.1 was utilized as a more strict cut-off value for positive results for sensitivity
and specificity, and all values <1.1 were considered negative [16].

2.3. Risk Categories of Participants

Participants were separated into three risk categories (high, medium, and low) accord-
ing to their work activity.

High-risk: Units in daily contact with COVID-19 patients, working with aerosol-
generating procedures (pandemic service, pandemic intensive care, pandemic outpatient
clinic, and emergency department).
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Medium-risk: Internal and surgical services/outpatient clinics, radiology, laboratory,
security units in contact with non-COVID-19 patients.

Low-risk: Administrative and support areas with no daily patient contact.

Additionally, HCWs were separated according to the type of hospital units as in-
tensive care units (ICUs), COVID units (units that cared for COVID-19 patients at some
point throughout the study period except ICU), emergency department, and “other” units
(including basic science, administrative and management units that did not have regular
contact with patients).

2.4. Ethical Approval

The protocol was conducted in agreement with the Helsinki Declaration. Written
informed consent was obtained from each participant. The ethics committee approval
was obtained from Hacettepe University Observational Research Ethics Committee (Ethics
Committee Approval No: 2021/13-37).

2.5. Statistical Analysis

Statistical analyses were performed using the SPSS software version 22. Categorical
variables were expressed as counts and percentages. Continuous variables such as age
were expressed as mean and standard deviation (SD). Seroprevalence of SARS-CoV-2
antibodies was reported as a percentage, and the 95% confidence interval (CI) was estimated
using a finite population correction. The Chi-square test or Fisher’s exact test (when chi-
square test assumptions do not hold due to low expected cell counts), where appropriate,
was used to compare antibody test results in different groups. Multivariable logistic
regression that included statistically significant risk factors in the univariable analysis
was performed, examining the association between risk groups and serology positivity
and adjusted for the age and sex. A p-value of less than 0.05 was considered to show a
statistically significant result.

3. Results

The enrolled HCWs were 37.8 & 9.3 years on average, ranging from 18 to 65, and
64.9% (1282 /1974) were women. While the SARS-CoV-2 Ig G seropositivity rate was similar
(15.6-19.7%) between in the <29, 30-39, 40-49 and 50-59 age ranges (p = 0.547), numeri-
cally the 60 < age HCW group had the lowest seropositivity (12%). The SARS-CoV-2 Ig G
seropositivity rate was similar in female (18.2%) and male (19.1%) HCWs (p = 0.623). Co-
morbidities were fairly low in our study population; 3% (69/1974) reported asthma, Chronic
obstructive pulmonary disease (COPD), Type 2 Diabetes, or atherosclerotic heart disease.

In terms of participants’ roles in the healthcare setting, the most common professions
were nurses (25.4%, 502/1974), followed by medical doctors (16.6%, 328/1975), and health-
care assistants (15.9%, 313/1974). The highest SARS-CoV-2 Ig G seropositivity rate was
observed in employees working in the kitchen service (26%) and healthcare assistants
(19.5%). Furthermore, the lowest seropositivity rates were found in care workers (13%) and
medical students (14.9%).

Regarding the type of hospital unit, the vast majority (7.3%) of HCWs had participated
in the study from the emergency unit. The other units were as follows, in order of fre-
quency; 4.3% (85/1974) ICU, 1.5% (30/1974) COVID-19 units, and 86.8% (1714/1974) other
departments of the hospital. Baseline demographic characteristics of HCWs are shown in
Table 1.

The highest seropositivity was found at 26.7% in HCW working COVID-19 units.
Seropositivity of HCWs working in the emergency department and other departments
(18.6-18.7%) was found similarly. Among HCWs who work in ICU (11.8%), COVID-19
exposures were lower unexpectedly.
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Table 1. Baseline demographic characteristics of healthcare workers (HCWs).

HCWs—n (%) Seropositive HCWs—n (%)
Age

<29 474 (24) 88 (18.6)
30-39 690 (24.5) 137 (19.9)
40-49 561 (28.4) 102 (18.2)

50-59 224 (11.3) 35 (15.6)

>60 25 (1.3) 3(12)
Sex
Female 1282 (64.9) 233 (18.2)
Male 692 (35.1) 132 (19.1)
Profession

Physician 328 (16.6) 62 (18.9)
Nurse 502 (25.5) 94 (18.7)
Healthcare assistant 313 (15.9) 61 (19.5)
Technician 242 (12.3) 39 (16.1)
Administration staff 173 (8.8) 31(17.9)
Secretary 129 (6.5) 24 (18.6)
Medical students 74 (3.7) 11 (14.9)

Employees working in the kitchen service 50 (2.5) 13 (26)

Care workers 23 (1.2) 3(13)
Other personnel 136 (6.9) 25 (18.3)
Risk Categories

Low risk 503 (25.5) 56 (11.1)
Medium risk 929 (47.1) 202 (21.7)
High risk 542 (27.5) 107 (19.7)

Type of Hospital Unit

Other 1714 (86.8) 320 (18.7)

COVID-19 units 30 (1.5) 8(26.7)
Intensive care unit (ICU) 85 (4.3) 10 (11.8)
Emergency 145 (7.3) 27 (18.6)

Family History of COVID-19 Disease

Yes 361 (18.3) 151 (41.8)

There were no significant differences in SARS-CoV-2 Ig G antibodies seropositivity
according to age, gender, the professional role of HCWs and, the type of hospital unit.

The proportion of positive test results for IgG, IgA, or both against SARS-CoV-2
of study subjects was 19% (375/1974). Of these, 4% (80/1974) had developed IgA, and
18.5% had developed IgG antibodies. In addition, 3.5% (70/1974) healthcare workers had
developed both IgG and IgA antibodies.

This study showed that the prevalence of SARS-CoV-2 IgG seropositivity among
asymptomatic HCWs was 8.7% (171/1974). Although 1.9% (38/1974) HCWs had negative
for SARS-CoV-2 IgG diagnosed with COVID-19 disease in the medical history. 2.4% HCW
(47/1974) became infected after the study period; almost 1/3 of them (15/1974) had the
previous IgG against SARS-CoV-2.
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Univariate and multivariate analyses for risk factors for SARS-CoV-2 seropositivity of
HCWs are shown in Table 2. The seroprevalence of healthcare workers with a family history
of COVID-19 disease was significantly higher (41.4%, RR 4.64 [3.57-6]) compared to those
without a family history of COVID-19 (13.3%, p < 0.0001). HCWs working on the low-risk
group who had no patient contacts daily had significantly lower seropositivity (11.1%)
than other frontline HCWs (21.7%, RR 2.1 [1.51-2.92]) and contact with many COVID-19
patients (19.7%, RR 1.61 [1.12-2.32]; p < 0.0001).

Table 2. Univariate and multivariate analyses for risk factors for SARS-CoV-2 seropositivity of HCWs.

Univariate Analysis Multivariate Analysis
Predictive Variable OR 95% CI p-Value OR 95% CI p-Value
Age
<29 1.00 1.00
30-39 1.67 0.49-5.71 0.594 1.08 0.77-1.53 0.547
40-49 1.81 0.53-6.15 1.02 0.7-1.49
50-59 1.63 0.47-5.54 0.84 0.51-1.37
>60 1.35 0.38-4.78 0.74 0.20-2.69
Sex
Female 1.00 0623 1.00 0.623
Male 0.94 0.74-1.19 0.96 0.73-1.27
Profession
Physician 1.00 1.00
Nse 098  069-141 092 0.62-137
Healthcare assistant 1.03 0.7-1.53 0.89 1.04 0.67-1.61 0.939
Technician 0.82 0.53-1.28 1.53 0.92-2.54
Administration staff 0.93 0.58-1.5 1.6 0.93-2.8
Secretary 0.98 0.68-1.65 1.87 1.01-3.46
Medical students 0.74 0.37-1.5 0.88 0.41-1.9
ifif!ifffﬁ!ﬁiﬁfé?i 15 0.75-3 151 0.71-3.2
Care workers 0.64 0.18-2.23 0.76 0.22-2.89
Other personnel 0.96 0.57-1.61 1.64 0.92-2.93
Risk Categories
Low risk 1.00 1.00
Medium risk 221 161305 <0000 21 151292 <0:0001
High risk 1.96 1.38-2.78 1.61 1.12-2.32
Type of Hospital Unit
Other 1.00 1.00
COVID-19 units 1.58 0.69-3.59 0.112 13 0.52-3.2 0.141
Intensive care unit (ICU) 0.58 0.29-1.13 0.6 0.29-1,22
Emergency 0.99 0.64-1.54 0.85 0.5-1.42
Family History of COVID-19 Disease
Yes 47 3.64-6.05 <0.0001 4.62 3.57-6 <0.0001

4. Discussion

HCWs with direct patient contact are presumed to be at higher risk for SARS-CoV-2
infection. In contrast, the SARS-CoV-2 contraction in HCWs with lower occupational expo-
sure risks is still vital to prevent any disruptions in inpatient care. Seroprevalence studies
aimed to understand herd immunity, asymptomatic cases, and risk factors associated with
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infection. At the timeframe of our study, the vaccination program in HCWs had not yet
started. Towards the end of 2020, vaccination programs began, and protection against
disease was demonstrated, but the emergence of new variants is still a concern [17,18].
While primary prevention remains a central strategy against the pandemic, infection control
measures such as compliance to the N 95, face shield, gown, gloves, and social distance
over time might degrade. Therefore, studies on seroprevalence among HCWs maintain
their importance to determine risk factors and take preventive measures.

Serological tests are generally used to diagnose patients who have negative PCR and
computed tomography (CT) despite clinical suspicion, and to detect previous or ongoing
infection. COVID-19 patients have been shown to develop IgM, IgA, and IgG against the
virus’s S (spike) glycoprotein and N (nucleocapsid) proteins within two weeks of the onset
of symptoms [19-21].

Early data showed that based on a lot of modeling, roughly half (44%) of the trans-
mission probably occurs from asymptomatic and presymptomatic transmission [22]. In
also our study, there were a substantial percentage of individuals with asymptomatic
infection. Notably, this finding also emphasizes the importance of HCWs’ adherence to
the precautionary preventive measures consisting of mask use, maintaining social distance
and hand hygiene, regardless of the presence of signs of respiratory system infection, to
prevent in-hospital transmission.

We have found that seropositivity in HCWs was highest in COVID-19 units (26.7%)
and the lowest in critical care units (11.8%, p = 0.141). Although this difference was not
statistically significant, it supports the results of other studies in the literature [23-25].
There may be many reasons for low antibody levels in HCWs in intensive care. To name
a few: healthcare professionals in the ICU might be more trained and prepared for the
pandemic, and adherence to infection preventive measures might be higher than other
HCWs [26]. Additionally, patients in the ICU are more likely to have reduced symptomatic
viral spread due to the late phase of disease progression [27].

HCWs with a family history of COVID-19 disease had higher seroprevalence (41.4%,
RR 4.64 [3.57-6], p < 0.001) when compared to remaining HCWs. It is unclear whether the
source of infection is HCWs or family members. It might be assumed that HCWs are more
exposed to SARS-CoV-2. Then, therefore, it may make family members a vulnerable group
to infection.

Notably, in our research, employees working in the kitchen service had the highest
SARS-CoV-2 seropositivity rate (26%). In contrast, medical students had one of the lowest
seropositivity among HCWs (14.9%); but it was statistically insignificant (p = 0.939). The
reason beyond this difference may be that during our study’s timeframe, HCWs were
allowed to eat their lunch and dinner in the hospital cafeteria. There might be a high
risk for asymptomatic transmission for employees working in the kitchen service because
HCWs do not wear masks in this mealtime indoor space. Medical students were permitted
to take medical education from home online, and they were in the lowest risk group who
had no daily patient contacts. As previously demonstrated, online education prevents
COVID-19 transmission both in the community and in hospitals [28].

The seropositivity of HCWs has a significant variation between countries. While this
rate was found to be 4% in China, where strict public health measures such as isolation and
quarantine were applied along with adherence to infection control measures, it was found
as 17.8% in a study in the USA similar to our research [6,29].

In a study involving 29,925 healthcare professionals in Denmark, similar to our re-
search, the SARS-CoV-2 antibody levels in HCWs who contact patients (779 [4.55%] of
16,356) was significantly higher than other healthcare professionals who were not in contact
with patients (384 [3.29%] of 11,657; RR 1.38 [1.22-1.56]; p < 0.001) [5]. Seroprevalence
level was higher in male healthcare professionals than females; it was suggested that
these differences might be due to female healthcare professionals being more likely to
follow recommendations [5]. In our study, antibody levels were similar between genders
(p =0.623).
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Our research is one of the first and most extensive studies to screen the seroprevalence
of IgA and IgG antibodies against SARS-CoV-2 among HCWs in Turkey. Our main finding
in the study is that HCWs in the medium (OR 2.1 (95% CI 1.51-2.92) and high-risk group
(OR 1.61 (95% CI 1.12-2.32)) who made contact with patients had more than a two-fold
higher risk of infection than HCWs in the low-risk group who had no daily patient contact.
HCWs in the high-risk group, despite being in close contact with numerous COVID-19
patients and working with aerosol-generating procedures, have lower seroprevalence
than HCWs in the medium-risk group. Data in the literature show that proper infection
control practices, as well as the use of universal masking, can lower the seropositivity in
HCW [30,31]. The reason for these results in our study as well may be differences in hygiene
compliance. Further research is needed to evaluate the factors related to seropositivity in
HCWs including questions about any unprotected exposures to a person with COVID-19.

There are several limitations to this study. The first is that it is based on data from
a single center. The second limitation is the examination of antibody titers at a single
time point and the inability to analyze variations in antibody levels over time. Another
constraint is that many employees were assigned to different locations other than their
units during the pandemic process and that comparisons between different branches of
our hospital may be misleading. The fourth limitation of the study is that it is unknown
whether healthcare professionals with a family history of COVID-19 disease are households
with them, how often they meet, and whether they use personal protective equipment
in contacts.

5. Conclusions

Healthcare workers in contact with the patient are at a higher risk for COVID-19
disease. Although the developments in antiviral treatment and vaccines, the primary and
most crucial principle in protecting HCWs must be the widespread use of recommended
personal protective equipment (such as masks, gloves, gowns, and eyewear). Adherence to
personal protective equipment and environmental hygiene enhances the safety of HCWs.

Author Contributions: Conceptualization, M.C.S., LR.A. and S.U.; methodology, M.C.S., LR.A., G.K.
and Y.C,; software, M.C.S., H.Z., TK.S. and E.E; validation, M.C.S., G.K. and Y.C.; formal analysis,
M.CS,, E.E. and TK.S,; investigation, M.C.S., G.T.D., A.C.I. and S.U; resources, H.Z., LR.A., GTD.,
A.CI,GK. and Y.C,; data curation, M.C.S., E.E. and Y.C.; writing—original draft preparation, M.C.S.
and E.E.; writing—review and editing, M.C.S., E.E. and S.U; visualization, E.E. and S.U.; supervision,
M.C.S. and S.U.; project administration, M.C.S.; funding acquisition, M.C.S. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was performed in compliance with the principles
outlined in the Declaration of Helsinki and approved by the Hacettepe University Observational
Research Ethics Committee (Ethics Committee Approval No: 13-37/2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Clinical Records were collected routinely during hospital attendance.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author. The data is not publicly available due to privacy or ethical restrictions.
Meliha Cagla Sonmezer; ORCID ID: 0000-0001-6529-5282.

Acknowledgments: The authors would like to thank all doctors and nurses who contributed to
respiratory samples collection and transportation and all the patients involved in this study.

Conflicts of Interest: The authors declare no conflict of interest.



Vaccines 2022, 10, 258 80f9

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Adams, ].G.; Walls, R.M. Supporting the Health Care Workforce During the COVID-19 Global Epidemic. JAMA 2020, 323, 1439.
[CrossRef] [PubMed]

Elfstrom, K.M.; Blomqvist, J.; Nilsson, P.; Hober, S.; Pin, E.; Manberg, A.; Pimenoff, V.N.; Arroyo Miihr, L.S.; Lundgren, K.C,;
Dillner, J. Differences in risk for SARS-CoV-2 infection among healthcare workers. Prev. Med. Rep. 2021, 24, 101518. [CrossRef]
[PubMed]

World Health Organization (WHO). Coronavirus Disease (COVID-2019) Situation Reports. Available online: https://www.who.int/
emergencies/diseases/novelcoronavirus-2019/situation-reports.coronavirus jhu.edu/map.html (accessed on 7 September 2021).
Iversen, K.; Bundgaard, H.; Hasselbalch, R.B.; Kristensen, ].H.; Nielsen, P.B.; Pries-Heje, M.; Knudsen, A.D.; Christensen, C.E,;
Fogh, K,; Norsk, J.B.; et al. Risk of COVID-19 in health-care workers in Denmark: An observational cohort study. Lancet Infect.
Dis. 2020, 20, 1401-1408. [CrossRef]

Galanis, P; Vraka, I; Fragkou, D.; Bilali, A.; Kaitelidou, D. Seroprevalence of SARS-CoV-2 antibodies and associated factors in
healthcare workers: A systematic review and meta-analysis. . Hosp. Infect. 2021, 108, 120-134. [CrossRef]

Ozdemir, A.; Demir Cuha, M,; Telli Dizman, G.; Alp, A.; Metan, G.; Sener, B. Saglik Calisanlarinda SARS-CoV-2 Seroprevalanst:
Tiirkiye’deki Bir Universite Hastanesi Verilerinin Retrospektif Analizi. Mikrobiyoloji Bul. 2021, 55, 223-232. (In Turkish) [CrossRef]
Kayz, I; Madran, B.; Keske, S.; Karanfil, O.; Arribas, J.R.; Pshenichnaya, N.; Petrosillo, N.; Gonen, M.; Ergondil, O. The
seroprevalence of SARS-CoV-2 antibodies among health care workers before the era of vaccination: A systematic review and
meta-analysis. Clin. Microbiol. Infect. 2021, 27, 1242-1249. [CrossRef]

Madran, B.; Keske, S.; Besli, Y.; Bozkurt, I.; Ergonul, O. The Risk of SARS-CoV-2 Infection among Healthcare Workers. Infect. Dis.
Clin. Microbiol. 2020, 2, 54-60. [CrossRef]

Pmarlik, F; Geng, Z.; Kapmaz, M.; Tekin, S.; Ergoniil, O. Risk Groups for SARS-CoV-2 Infection among Healthcare Workers:
Community Versus Hospital Transmission. Infect. Dis. Rep. 2021, 13, 724-729. [CrossRef]

Steensels, D.; Oris, E.; Coninx, L.; Nuyens, D.; Delforge, M.-L.; Vermeersch, P.; Heylen, L. Hospital-Wide SARS-CoV-2 Antibody
Screening in 3056 Staff in a Tertiary Center in Belgium. JAMA 2020, 324, 195-197. [CrossRef]

Tanaka, A.; Yamamoto, S.; Miyo, K.; Mizoue, T.; Maeda, K.; Sugiura, W.; Mitsuya, H.; Sugiyama, H.; Ohmagari, N. Seroprevalence
of antibodies against SARS-CoV-2 in a large national hospital and affiliated facility in Tokyo, Japan. J. Infect. 2021, 82, el—e3.
[CrossRef]

Jacob, ].T.; Baker, ].M.; Fridkin, S.K.; Lopman, B.A.; Steinberg, ].P,; Christenson, R.H.; King, B.; Leekha, S.; O'Hara, L.M.; Rock, P; et al.
Risk Factors Associated With SARS-CoV-2 Seropositivity Among US Health Care Personnel. JAMA Netw. Open 2021, 4, e211283.
[CrossRef]

Garcia-Basteiro, A.L.; Moncunill, G.; Tortajada, M.; Vidal, M.; Guinovart, C.; Jiménez, A ; Santano, R.; Sanz, S.; Méndez, S.; Llupia, A.; et al.
Seroprevalence of antibodies against SARS-CoV-2 among health care workers in a large Spanish reference hospital. Nat. Commun.
2020, 11, 1-9. [CrossRef]

Korth, J.; Wilde, B.; Dolff, S.; Anastasiou, O.E.; Krawczyk, A.; Jahn, M.; Cordes, S.; Ross, B.; Esser, S.; Lindemann, M.; et al.
SARS-CoV-2-specific antibody detection in healthcare workers in Germany with direct contact to COVID-19 patients. J. Clin.
Virol. 2020, 128, 104437. [CrossRef]

Bradley, B.T.; Bryan, A.; Fink, S.L.; Goecker, E.A.; Roychoudhury, P.; Huang, M.-L.; Zhu, H.; Chaudhary, A.; Madarampalli, B.;
Lu, J.Y.C; et al. Anti-SARS-CoV-2 Antibody Levels Measured by the AdviseDx SARS-CoV-2 Assay Are Concordant with Pre-
viously Available Serologic Assays but Are Not Fully Predictive of Sterilizing Immunity. J. Clin. Microbiol. 2021, 59, €0098921.
[CrossRef]

Lipsitch, M.; Dean, N.E. Understanding COVID-19 vaccine efficacy. Science 2020, 370, 763-765. [CrossRef]

Tanriover, M.D.; Doganay, H.L.; Akova, M.; Giiner, H.R.; Azap, A.; Akhan, S.; Kose, $.; Erding, F; Akahn, E.H.; Tabak, OF;etal Efficacy
and safety of an inactivated whole-virion SARS-CoV-2 vaccine (CoronaVac): Interim results of a double-blind, randomised,
placebo-controlled, phase 3 trial in Turkey. Lancet 2021, 398, 213-222. [CrossRef]

Dhama, K.; Khan, S.; Tiwari, R.; Sircar, S.; Bhat, S.; Malik, Y.S.; Singh, K.P.; Chaicumpa, W.; Bonilla-Aldana, D.K;
Rodriguez-Morales, A.J. Coronavirus Disease 2019-COVID-19. Clin. Microbiol. Rev. 2020, 33, e00028-20. [CrossRef]

Peeling, RW.; Wedderburn, C.J.; Garcia, PJ.; Boeras, D.; Fongwen, N.; Nkengasong, J.; Sall, A.; Tanuri, A.; Heymann, D.L.
Serology testing in the COVID-19 pandemic response. Lancet Infect. Dis. 2020, 20, e245-e249. [CrossRef]

Seow, J.; Graham, C.; Merrick, B.; Acors, S.; Pickering, S.; Steel, K.J.A.; Hemmings, O.; O’Byrne, A.; Kouphou, N.; Galao, R.P; et al.
Longitudinal observation and decline of neutralizing antibody responses in the three months following SARS-CoV-2 infection in
humans. Nat. Microbiol. 2020, 5, 1598-1607. [CrossRef]

He, X,; Lau, EH.Y.; Wu, P; Deng, X.; Wang, J.; Hao, X.; Lau, Y.C.; Wong, ].Y.; Guan, Y,; Tan, X.; et al. Temporal dynamics in viral
shedding and transmissibility of COVID-19. Nat. Med. 2020, 26, 672—-675. [CrossRef]

Jeremias, A.; Nguyen, J.; Levine, ].; Pollack, S.; Engellenner, W.; Thakore, A.; Lucore, C. Prevalence of SARS-CoV-2 Infection
Among Health Care Workers in a Tertiary Community Hospital. JAMA Intern. Med. 2020, 180, 1707-1709. [CrossRef] [PubMed]
Self, W.H.; Tenforde, M.W.; Stubblefield, W.B.; Feldstein, L.R.; Steingrub, J.S.; Shapiro, N.I.; Ginde, A.A.; Prekker, M.E.; Brown, S.M.;
Peltan, 1.D.; et al. Seroprevalence of SARS-CoV-2 Among Frontline Health Care Personnel in a Multistate Hospital Network - 13
Academic Medical Centers, April-June 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1221-1226. [CrossRef] [PubMed]


http://doi.org/10.1001/jama.2020.3972
http://www.ncbi.nlm.nih.gov/pubmed/32163102
http://doi.org/10.1016/j.pmedr.2021.101518
http://www.ncbi.nlm.nih.gov/pubmed/34458081
https://www.who.int/emergencies/diseases/novelcoronavirus-2019/situation-reports.coronavirus.jhu.edu/map.html
https://www.who.int/emergencies/diseases/novelcoronavirus-2019/situation-reports.coronavirus.jhu.edu/map.html
http://doi.org/10.1016/S1473-3099(20)30589-2
http://doi.org/10.1016/j.jhin.2020.11.008
http://doi.org/10.5578/mb.20219908
http://doi.org/10.1016/j.cmi.2021.05.036
http://doi.org/10.36519/idcm.2020.0019
http://doi.org/10.3390/idr13030067
http://doi.org/10.1001/jama.2020.11160
http://doi.org/10.1016/j.jinf.2021.01.010
http://doi.org/10.1001/jamanetworkopen.2021.1283
http://doi.org/10.1038/s41467-020-17318-x
http://doi.org/10.1016/j.jcv.2020.104437
http://doi.org/10.1128/JCM.00989-21
http://doi.org/10.1126/science.abe5938
http://doi.org/10.1016/S0140-6736(21)01429-X
http://doi.org/10.1128/CMR.00028-20
http://doi.org/10.1016/S1473-3099(20)30517-X
http://doi.org/10.1038/s41564-020-00813-8
http://doi.org/10.1038/s41591-020-0869-5
http://doi.org/10.1001/jamainternmed.2020.4214
http://www.ncbi.nlm.nih.gov/pubmed/32780100
http://doi.org/10.15585/mmwr.mm6935e2
http://www.ncbi.nlm.nih.gov/pubmed/32881855

Vaccines 2022, 10, 258 90f9

24.

25.

26.

27.

28.

29.

30.

31.

Moscola, J.; Sembajwe, G.; Jarrett, M.; Farber, B.; Chang, T.; McGinn, T.; Davidson, K.W.; Northwell Health, C.-R.C. Prevalence of
SARS-CoV-2 Antibodies in Health Care Personnel in the New York City Area. JAMA 2020, 324, 893-895. [CrossRef] [PubMed]
Cook, T.M.; Lennane, S. Occupational COVID-19 risk for anaesthesia and intensive care staff — low-risk specialties in a high-risk
setting. Anaesthesia 2021, 76, 295-300. [CrossRef] [PubMed]

Cevik, M.; Tate, M,; Lloyd, O.; Maraolo, A.E.; Schafers, J.; Ho, A. SARS-CoV-2, SARS-CoV, and MERS-CoV viral load dynamics,
duration of viral shedding, and infectiousness: A systematic review and meta-analysis. Lancet Microbe 2021, 2, e13-e22. [CrossRef]
Talic, S.; Shah, S.; Wild, H.; Gasevic, D.; Maharaj, A.; Ademi, Z.; Li, X.; Xu, W.; Mesa-Eguiagaray, I.; Rostron, J.; et al. Effectiveness
of public health measures in reducing the incidence of covid-19, SARS-CoV-2 transmission, and covid-19 mortality: Systematic
review and meta-analysis. BM]J 2021, 375, e068302. [CrossRef] [PubMed]

Sahu, A K.; Amrithanand, V.T.; Mathew, R.; Aggarwal, P.; Nayer, ]J.; Bhoi, S. COVID-19 in health care workers - A systematic
review and meta-analysis. Am. |. Emerg. Med. 2020, 38, 1727-1731. [CrossRef]

Sims, M.D.; Maine, G.N.; Childers, K.L.; Podolsky, R.H.; Voss, D.R.; Berkiw-Scenna, N.; Oh, J.; Heinrich, K.E.; Keil, H.;
Kennedy, R.H.; et al. Coronavirus Disease 2019 (COVID-19) Seropositivity and Asymptomatic Rates in Healthcare Workers Are
Associated with Job Function and Masking. Clin. Infect. Dis. 2021, 73, S154-5162. [CrossRef]

Chou, R.; Dana, T.; Buckley, D.I; Selph, S.; Fu, R.; Totten, A.M. Epidemiology of and Risk Factors for Coronavirus Infection in
Health Care Workers: A Living Rapid Review. Ann. Intern. Med. 2020, 173, 120-136. [CrossRef]

Liu, M.; Cheng, S.Z.; Xu, KW,; Yang, Y.; Zhu, Q.T,; Zhang, H.; Yang, D.Y.; Cheng, S.Y.; Xiao, H.; Wang, ].W.; et al. Use of personal
protective equipment against coronavirus disease 2019 by healthcare professionals in Wuhan, China: Cross sectional study. BM]
2020, 369, m2195. [CrossRef]


http://doi.org/10.1001/jama.2020.14765
http://www.ncbi.nlm.nih.gov/pubmed/32780804
http://doi.org/10.1111/anae.15358
http://www.ncbi.nlm.nih.gov/pubmed/33307597
http://doi.org/10.1016/S2666-5247(20)30172-5
http://doi.org/10.1136/bmj-2021-068302
http://www.ncbi.nlm.nih.gov/pubmed/34789505
http://doi.org/10.1016/j.ajem.2020.05.113
http://doi.org/10.1093/cid/ciaa1684
http://doi.org/10.7326/M20-1632
http://doi.org/10.1136/bmj.m2195

	Introduction 
	Materials and Methods 
	Study Design 
	Samples Collection and SARS-CoV-2 Antibody Testing 
	Risk Categories of Participants 
	Ethical Approval 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

