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ARTICLE INFO ABSTRACT

Article history: Background: Healthcare workers (HCWs) are a presumed high-risk population for severe acute respiratory
Recegved 23 AP'rll 2021 syndrome coronavirus-2 (SARS-CoV-2) infection. Identifying factors associated with seroprevalence can
Received in revised form 2 June 2021 help establish better practices in healthcare settings. In this study, we evaluate prevalence of SARS-CoV-

Accepted 3 June 2021 2 infection among previously undiagnosed HCWs and describe profiling of antibody responses against

SARS-CoV-2, including neutralizing antibodies (NAbs).

Iég)(/v;/]grtisg Methods: We analyzed a cohort of 386 HCWs in a university hospital in Egypt and 725 volunteers not
SARS- C-oV—2 affiliated to any healthcare facility (non-healthcare workers - NHCWs). Participants provided a nasopha-

Healthcare workers ryngeal swab and serum samples for SARS-CoV-2 nucleic acid and SARS-CoV-2-specific antibodies,
Neutralizing antibodies respectively. HCWs who tested positive by either test were sequentially monitored.
Results: At baseline, point prevalence of viral carriage was 11.4%in HCWs (n=44/386)and 11.9% in NHCWs
(86/725). The cumulative prevalence of SARS-CoV-2 infection among HCWs considering all studies was
25.6%, which was statistically lower than in NHCWs (41.0%). Prevalence was greatest among janitorial
staff (45.9%) and the most affected departments were gastroenterology (31.1%), and emergency medicine
(30.0%). Prior anosmia, fever or headache were associated with higher odds of positivity for SARS-CoV-
2 infection. Regarding serial antibody measurements, RT-PCR-positive HCWs displayed IgG detection
rates of 29.5%, 70% and 60% at visit 1, visit 2 and visit 3, respectively with slow decline of median IgG
antibody titers, whereas, corresponding detection rates for total Ig antibodies were 50%, 90.3%, and 88.9%,
respectively with increasing median titers. NAbs measured at each time point were positively correlated
with total Ig levels, whereas IgG levels were positively correlated with NAbs at visit 1 and visit 3.
Conclusion: Our results demonstrate lower cumulative prevalence of SARS-CoV-2 infection in HCWs than
general population and suggest that asymptomatic HCWs exhibit considerable IgG and total Ig antibodies
response as well as NAbs for up to 120 days, with positive correlation in between.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for
Health Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Introduction

The ongoing pandemic of severe acute respiratory syndrome
* Corresponding author at: Faculty of Medicine, Cairo University, Cairo, 11562, coronavirus 2 (SARS-CoV-2) emerged in Wuhan, China in late 2019

Egypt. ) [1]. A wide spectrum of coronavirus disease 2019 (COVID-19) has
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been depicted, ranging from severe cases requiring hospitalization
to asymptomatic individuals, who are silent spreaders [2]. Health-
care workers (HCWs) are presumably exposed to a higher risk of
acquiring the disease, with previous studies showing infection rates
of up to 14% in symptomatic and 7.1% in asymptomatic HCWs [3,4].
A recent meta-analysis found that the proportion of SARS-CoV-2
positive HCWs among all patients with COVID-19 was 10.1%, with
variable proportions between countries: China, 4.2%; Italy, 9%; and
USA, 17.8% [5]. In Egypt, the first confirmed case was announced on
February 14th, 2020 [6], with 2.4% of reported cases in April 2020
being HCWs [7] (Fig. 1).

Seroprevalence studies and understanding risk factors for SARS
CoV-2 infection among HCWs are necessary to assess exposure,
safeguard the workforce and maintain healthcare services, partic-
ularly in resource-limited health systems [8].

Patients infected with SARS-CoV-2 develop antibodies against
virus-specific proteins and antibodies targeting the receptor-
binding domains of the spike protein can neutralize the virus [9].

Despite growing knowledge on immunity against SARS-CoV-2,
the correlation between quality, quantity and longevity of immune
responses and protection against reinfection, remains to be eluci-
dated, so that effective immune-based treatments and vaccines can
be developed. [10].

In this study, we evaluated baseline prevalence of SARS-CoV-2
infection via reverse transcription polymerase chain reaction (RT-
PCR) and determination of anti-SARS-CoV-2 antibodies within a
cohort of previously undiagnosed HCWs and non-HCWs recruited
into a study conducted at Kasr Al-Aini University Hospital and we
provide description of the dynamic changes of antibodies levels
against SARS-CoV-2, including neutralizing antibodies.

Patients and methods

This study was conducted at Kasr Al-Aini University Hospital,
Cairo University, a 5600-beds referral hospital complex providing
health services in all specialties, with COVID-19 cases served in
a dedicated hospital. Eligible HCWs were defined as those who
deliver healthcare services to patients in Kasr Al-Aini University
Hospital at the time of the study, either directly as physicians
or nurses, or indirectly as administrative officers, transporters,
or cleaners. Non-healthcare workers (NHCWs) were recruited
randomly as volunteers not affiliated to any healthcare facility. Indi-
viduals previously tested positive for SARS-CoV-2 via RT-PCR or
those self-isolating at home due to symptoms typical of COVID-19
during the last 14 days were excluded from the study.

Ethical committee approval was obtained for the study. After
informed consent, participants completed a questionnaire com-
prising demographics, work location, occupation, medical history,
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exposure to suspected or confirmed COVID-19 cases, in addition to
self-reported prior symptoms compatible with COVID-19.

Molecular detection of SARS-CoV-2 RNA by RT-PCR testing

Nasopharyngeal swabs (NPS) were collected at designated sites
and transferred with Universal Transport Media (UTM). SARS-CoV-
2 RNA was extracted using QIAGEN extraction kit. The extracted
RNA was reverse transcribed into cDNA and amplified in one
step using TagPath™ COVID-19 CE-IVD RT-PCR ComboKit from
Thermofisher Scientific, Revision D.0 (Cat.# A48067). Fast Dx
Applied Biosystems 7500 real-time thermal cycler was used for
amplification. Probes were annealed to three target sequences
specific to SARS-CoV-2: ORF1ab, nucleocapsid (N) and spike (S)
primers/probes for bacteriophage MS2. Two of the three genes and
the MS2 (internal process control) must be positive or the result
was considered inconclusive.

SARS-CoV-2 rapid IgM serological test (RST)

Detection of SARS-CoV-2 IgM was done using the lateral flow
immunochromatographic assay, COVID-19 IgM/IgG antibody rapid
diagnostic test (Artron Laboratories, Burnaby, Canada). The assay
has a sensitivity of 93.4% and specificity of 97.7%, as reported by the
manufacturer. 10 pL serum was added and incubated for 20-30 s.
Subsequently, 2 drops of buffer were added, and the results were
detected visually after 15 min. The presence of both the control line
and IgM line indicated a positive result for IgM antibody.

Chemiluminescence immunoassay (CLIA)

Plasma samples were prepared from whole blood following cen-
trifugation for 20 min at 2000 g at room temperature. All plasma
samples were heat-inactivated for 30 min at 56 °C and stored at
—80 °C. IgG antibodies and total Ig antibodies against SARS-CoV-2
were detected using VITROS anti-SARS-CoV-2 IgG test and VITROS
anti-SARS-CoV-2 total test, respectively (Ortho Clinical Diagnostics,
USA). Both tests are chemiluminescent immunoassays for qualita-
tive detection of either serum IgG or total Ig antibodies (including
IgG, IgM and IgA) against spike (S) glycoprotein, with a sensitiv-
ity and specificity of 90% and 100% respectively, as reported by the
manufacturer. In the first stage antibodies to SARS-CoV-2 present in
the sample bind with SARS-CoV-2 spike protein S1 antigen coated
on wells. In the second stage horseradish peroxidase (HRP)-labeled
murine monoclonal anti-human antibodies are added in the con-
jugate reagent. The conjugate binds specifically to the antibody
portion of the antigen-antibody complex. The bound HRP conju-
gate is measured by a luminescent reaction, indicating the amount

1467



S.Musaetal.

Journal of Infection and Public Health 14 (2021) 1466-1473

386 HCWs enrolled at baseline

725 non-HCWs enrolled at baseline

BASELINE

287 (74.4%) HCWs
negative at baseline
by PCR and serology

428 (59%) non-HCWs
negative at baseline
by PCR and serology

99 (25.6%) HCWs
positive at baseline
by PCR &/or serology

297 (41%) non-HCWs
positive at baseline
by PCR &/or serology

HCWs

Non-HCWs P value

44 (11.4%)

RT-PCR positive

86 (11.9%) | 82

54 (14.0%)
41 (10.6%)

Seropositive to IgM by RST
Seropositive to 19G by CLIA

45 (6.2%) | <.001
200 (27.6%) | <.001

61 (15.8%)

Seropositive to total Ig by CLIA

213 (29.4%) | <.001

8 weeks

| 71 HCWs returned for 1+ follow-up (VISIT 2) |

8 weeks |

| 31 HCWs returned for 2™ follow-up (VISIT 3) |

FOLLOW-UP

Fig. 2. Flowchart and prevalence of SARS-CoV-2 of the study cohort. Abbreviations: HCWs: healthcare workers; RT-PCR: reverse transcription polymerase chain reaction;
RST: rapid serological test; CLIA: chemiluminescent immunoassay; IgG: immunoglobulin G; IgM: immunoglobulin M.

of SARS-CoV-2 antibody present. A cut-off value >1 was considered
reactive for both antibodies.

Neutralization assays (microneutralization assay)

Serum samples were heat-inactivated for 30 min at 56 °C. Two-
fold serial dilutions, starting from 1:10 were then mixed with an
equal volume of viral solution containing 100 TCID50 of SARS-CoV-
2. The serum-virus mixture was incubated for 1 h at 37 °C in a
humidified atmosphere with 5% CO,. After incubation, 35 .l of the
mixture at each dilution was added in duplicate to a cell plate con-
taining a semi-confluent vero E6 cell monolayer and incubated for
2 h at the same condition. The inoculum was aspirated and 150
pL medium was added to each well. The plates were incubated
for 5 days at 37 °C in a CO,-incubator, before the cultures were
inspected under a light microscope for the presence of a cytopathic
effect (CPE). Neutralizing antibody titers were expressed as the
reciprocal of the last dilution of serum that completely inhibited
virus-induced CPE.

Finally, HCWs who tested positive for SARS-CoV-2 infection by
either nucleic acid detection test or serological tests were sequen-
tially monitored: 2 months later (visit 2) and another 2 months
afterwards (visit 3).

Statistical analysis

Statistical analyses and graphical presentations were performed
using GraphPad Prism software version 9.0 (San Diego, USA).
Within HCWs, frequencies of positive test results were compared
in relation to demographic and clinical characteristics using chi-
squared tests. Univariate analysis and multiple logistic regression
were performed using positivity as the outcome variable. The com-
parison between groups was done using Wilcoxon signed-rank test,
Mann-Whitney U test, and Krusal-Wallis test to assess changes in
antibody titers at baseline and follow-up periods as appropriate.
Correlations between obtained different antibody titers were esti-
mated by Spearman rank correlation coefficients. For all analyses,
a significance level of 5% was established.

Results

From June 1st to June 14th, 2020, a total of 1111 subjects partici-
pated in the study (386 HCWs and 725 NHCWs). The studied cohort

was predominantly male (69%), with a mean age of 32.2 years in
HCWs and 30.5 years in NHCWs. Among NHCWs, 404 individuals
(55.7%) were <30 years, 226 (31.2%) aged from 31 to 40 years and
95 (13.1%) were older than 40 years, whereas, among HCWs, 208
(53.9%) were <30 years, 139 (36%) aged from 31 to 40 years and 39
(10.1%) were older than 40 years. Co-morbidities were reported in
6.4% of the participants and 62.5% reported contact with suspected
or confirmed COVID-19 cases.

Regarding prevalence of current infection at the time of base-
line recruitment, 44/386 HCWs (11.4%) had a positive RT-PCR of
SARS-CoV-2, as compared to 86/725 NHCWs (11.9%). In addition,
99 HCWs had either a positive RT-PCR, and/or positive antibodies,
raising the cumulative prevalence to 25.6%. A total of 54 (14.0%),
41 (10.6%), and 61 (15.8%) HCWs were seropositive for IgM by RST,
IgG by CLIA, and total Ig by CLIA, respectively. This was statistically
different from NHCWs in whom, the cumulative prevalence was
41.0% and the seropositivity for IgM, IgG, and total Ig was 45 (6.2%),
200 (27.6%), and 213 (29.4%), respectively (P value <.001) (Fig. 2).

Of the 44 HCWs who had been PCR-positive, 15 (34.1%) went
on to have reactive IgM antibody by RST, 13 (29.5%) had reactive
IgG and 22 (50%) had positive total IgG by CLIA. Meanwhile, among
PCR-negative HCWs, 39 had reactive IgM antibody, 28 had reactive
IgG and 39 had positive total IgG. Despite the relatively high sensi-
tivity of RT-PCR, it can yield false-negative results [11]. Therefore,
HCWs with positive antibodies and negative RT-PCR were re-tested
a week after the initial NPS, all of whom were persistently negative
by RT-PCR.

A comparison of characteristics of HCWs based on SARS-CoV-2
status is presented in Table 1.

The median age of HCWs that tested positive for SARS-CoV-
2 was similar to the group that tested negative, (32.6 and 32.0
years, respectively). There was no significant association for test-
ing positive with gender, close contact with COVID-19 cases,
co-morbidities, BCG or influenza vaccine history. Staff dealing
with patients’ transport and cleaning had the highest frequency
of SARS CoV-2 infection (45.9%, 17/37 screened), compared to
administrative employees (36.7%, 11/30 screened), nurses (29.8%,
42/141 screened), and physicians (16.3%, 29/178 screened). When
SARS-CoV-2 test positivity was mapped to the departments where
individuals work, higher rates were found in HCWs working in gas-
troenterology (31.1%, n = 23/74), or emergency medicine (30.0%,n =
61/203) compared to those working in pediatrics (17.6%, n = 6/34),
oncology (11.8%, n = 4/34) or other departments.
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Table 1
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Demographic, occupational and clinical characteristics of healthcare workers tested for SARS-CoV-2 at baseline screening.

Frequency, n (%)

Univariable analysis Multivariable analysis

All HCWs SARS CoV-2 Negative ? SARS CoV-2 Positive® P-value ¢ 0Odds Ratio (95%CI) P-value Odds Ratio (95%CI) P-value
n =386 n=287 n=99
Age group
<30 years 208 (53.9%) 159 (55.4%) 49 (49.5%) 1 - 1 -
31-40 years 139 (36.0%) 95(33.1%) 44 (44.4%) 0.07 1.50 (0.93-2.43) 0.09 1.2(0.65-2.35) 0.51
>40 years 39(10.1%) 33 (11.5%) 6(6.1%) 0.59 (0.23-1.49) 0.27 0.26 (0.08-0.84) 0.03
Gender
Female 206 (53.4%) 148(51.6%) 58 (58.6%) 023 1 - - -
Male 180 (46.6%) 139 (48.4%) 41 (41.4%) : 1.32(0.84-2.11) 0.23 1.16 (0.62-2.16) 0.64
Close contact with suspected or confirmed COVID-19
Yes 308 (79.8%) 228(79.4%) 80 (80.8%) 0.77 1.09 (0.61-1.94) 0.77 - -
Health care role
Physician 178 (46.1%) 149 (51.9%) 29 (29.3%) 1 - 1 -
Nurse 141 (36.5%) 99 (34.5%) 42 (42.4%) <0.001 2.27(1.33-3.89) 0.003 1.85 (0.89-3.86) 0.97
Administrative employee 30 (7.8%) 19 (6.6%) 11(11.1%) - 2.97(1.28-6.91) 0.01 3.09 (1.80-8.82) 0.04
Patient transporter/Cleaner 37 (9.6%) 20 (7.0%) 17 (17.2%) 4.37 (2.04-9.33) <0.001 5.94(2.08-16.96) 0.001
Primary unit
Gl setting 74(19.2%) 51(17.8%) 23 (23.2%) 1 - 1 -
ER setting 203 (52.6%) 142 (49.5%) 61 (61.6%) 0.95 (0.54-1.70) 0.87 0.90 (0.46-1.77) 0.76
Pediatrics 34 (8.8%) 28 (9.8%) 6(6.1%) 0.02 0.48 (0.17-1.30) 0.15 0.40(0.12-1.32) 0.13
Oncology 34 (8.8%) 30 (10.5%) 4 (4.0%) 0.30 (0.09-0.94) 0.04 0.29 (0.08-1.10) 0.07
Others 41(10.6%) 36(12.4%) 5(5.1%) 0.31(0.11-0.89) 0.03 0.33(0.96-1.14) 0.08
Co-morbidities ¢
Present 48 (12.4%) 36 (12.5%) 12 (12.1%) 0.91 0.96 (0.48-1.93) 0.91 1.01 (0.43-2.40) 0.98
Vaccine history
BCG 353(91.5%) 260 (90.6%) 93 (93.9%) 0.30 1.61(0.64-4.02) 0.31 2.21(0.71-6.92) 0.17
Influenza 82 (21.2%) 63 (22.0%) 19 (19.2%) 0.56 0.84 (0.48-1.50) 0.56 0.83(0.41-1.68) 0.61
COVID-19 compatible symptoms within previous months
Any symptom 295 (76.4%) 214 (74.6%) 81 (81.8%) 0.14 1.54 (0.86-2.73) 0.14 - -
Fever 70(18.1%) 43 (15.0%) 27 (27.3%) 0.01 2.13(1.23-3.68) 0.01 2.56 (1.17-5.59) 0.02
Myalgia 137 (35.5% 94 (32.8%) 43 (43.4%) 0.06 1.58 (0.99-2.52) 0.06 0.74 (0.36-1.52) 0.42
Fatigue 146 (37.8%) 107 (37.3%) 39(39.4%) 0.71 1.09 (0.68—1.75) 0.71 0.53(0.25-1.14) 0.10
Headache 147 (38.1%) 102 (35.5%) 45 (45.5%) 0.08 1.51 (0.95-2.40) 0.08 1.94 (1.02-3.69) 0.04
Loss of appetite 36 (9.3%) 18(6.3%) 18(18.2%) <0.001 3.32(1.65-6.68) <0.001 2.06(0.74-5.78) 0.17
Sore throat 156 (40.4%) 110 (38.3%) 46 (46.5%) 0.15 1.39(0.88-2.21) 0.15 1.56 (0.83-2.92) 0.17
Rhinorrhea 102 (26.4%) 71(24.7%) 31(31.3%) 0.20 1.39(0.84-2.30) 0.20 0.94 (0.49-1.82) 0.86
Anosmia 39(10.1%) 10(3.5%) 29 (29.3%) <0.001 11.48 (5.34-24.66) <0.001 14.00(5.36—-36.57) <0.001
Cough 111(28.8%) 77 (26.8%) 34 (34.3%) 0.16 1.43(0.87-2.32) 0.16 1.11 (0.56-2.20) 0.77
Dyspnoea 61(15.8%) 43 (15.0%) 18 (18.2%) 0.45 1.26 (0.69-2.30) 0.45 0.49 (0.20-1.17) 0.11
Chest pain 49 (12.7%) 33 (11.5%) 16 (16.2%) 0.23 1.48 (0.78-2.83) 0.23 0.92 (0.37-2.28) 0.85
Wheezing 24 (6.2%) 15(5.2%) 9(9.1%) 0.18 1.81(0.77-4.29) 0.18 1.45 (0.45-4.70) 0.54
Abdominal pain 65(16.8%) 44 (15.3%) 21(21.2%) 0.18 1.49 (0.83-2.65) 0.18 0.81(0.36-1.85) 0.62
Diarrhea 97 (25.1%) 71 (24.7%) 26 (26.3%) 0.76 1.08 (0.64-1.83) 0.76 0.68 (0.32—1.45) 0.32

Abbreviations: HCW: Health Care Worker; SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2; COVID-19: Coronavirus Disease; Cl: Confidence interval; ER:

emergency room; Gl: gastrointestinal.
2 Defined as a negative RT-PCR and undetectable antibodies by RST or CLIA.
b Defined as a positive RT-PCR and/or detectable antibodies by RST or CLIA.
¢ Number of positive vs. negative, from chi-squared test.
d

Co-morbidities include heart and liver disease, diabetes, chronic respiratory and renal disease, and cancers.

In total, 81/99 HCWSs with positive tests for SARS-CoV-2
reported prior symptoms of possible COVID-19. The most com-
monly reported symptoms were sore throat (46.5%), headache
(45.5%), myalgia (43.4%), fatigue (39.4%) and cough (34.3%). Fever,
loss of appetite and anosmia were statistically associated with
SARS-CoV-2 positivity.

In the univariable analysis, the odds of being SARS-CoV-2 pos-
itive were higher in HCWs who worked as transporters (OR: 4.37,
95% CI: 2.04-9.33), administrative employees (OR: 2.97, 95% CI:
1.28-6.91) ornurses (OR: 2.27,95% Cl: 1.33-3.89). Symptoms more
strongly associated with positivity were anosmia (OR: 11.48, 95%
Cl: 5.34-24.66), loss of appetite (OR: 3.32, 95% CI: 1.65-6.68) and
fever (OR: 2.13, 95% CI: 1.22-3.68). After multivariable analysis,
working as a patient transporter (OR, 5.94; 2.08—16.96) or admin-
istrative employee (OR, 3.09; 1.80—8.82), prior anosmia (OR, 14.00;
5.36—-36.57), prior fever (OR, 2.56; 1.17-5.59) or prior headache
(OR, 1.94; 1.02-3.69) were associated with higher odds of SARS-
CoV-2 positivity.

For serial antibody measurements, sequential serum samples
were collected from the 99 HCWs tested positive for SARS-CoV-2

infection over a 4-month period between June and October 2020
and were categorized based on baseline RT-PCR results. Notably,
the proportion of PCR-positive HCWs who had positive results with
three antibodies (IgG, total Ig, and NAbs) increased in each visit
from 27.3% (12/44) to 41.9% (13/31) and 50% (5/10) at visit 1, visit
2, and visit 3, respectively indicating that antibodies’ detection rate
increased with time since RT-PCR positivity. In contrast, the pro-
portion of PCR-negative HCWs who had positive results with these
antibodies in each visit decreased from 49.1%(27/55) to 35% (14/40)
and 23.8% (5/21) at visit 1, visit 2, and visit 3, respectively (Fig. 3).

Fig. 4, panel A shows that IgG-positive rates were 29.5% (13/44),
70%(21/30)and 60% (6/10) at visit 1, visit 2 and visit 3, respectively,
whereas the corresponding detection rates for total Ig antibody
were 50% (22/44), 90.3% (28/31), and 88.9% (8/9) in PCR-positive
HCWs. Fig. 4, panel D shows detection rates of serological assays
in PCR-negative HCWs at visit 1, visit 2, and visit 3.

We plotted the changes in median antibody titers at each time
point as shown in Fig. 4 (panels B, C for IgG and panels E, F for total
Ig). A clear pattern emerged, showing that median titers of IgG anti-
body displayed a slow decline but titers were still detectable until
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Fig.3. Venn diagram displaying positive results with one or more antibodies in each
visit over time based on RT-PCR results. The upper row represents RT-PCR positive
cases and the lower row represents RT-PCR negative cases.

120 days (visit 3) in PCR-positive HCWs, whereas median titers of
IgG antibody showed a trend of decline until 60 days (visit 2) and
were barely detectable thereafter in PCR-negative HCWs. For total
Ig, the median titers of total Ig antibody increased continuously
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and sharply over time up to 120 days regardless RT-PCR results,
which were more pronounced in PCR-positive HCWs than those
with PCR-negative.

Due to their role in limiting viral spread, we assessed SARS-
CoV-2 NAbs generation by asymptomatic HCWs. At baseline visit,
25/44 PCR-positive HCWs (56.8%) and 41/55 of PCR-negative HCWs
(74.5%) had developed SARS-CoV-2 NAbs at titers ranging from
1:10 to 1:160. Fig. 4, panel G shows that median values of NAbs
in HCWs with positive PCR results increased and then reached a
plateau level up to 120 days while those measured in PCR-negative
HCWsremained steady up to 60 days then started to decline slightly
at 120 days, as shown in Fig. 4, panels H, L.

Next, IgG and total Ig antibody levels were evaluated for cor-
relations with NAbs over time. Overall, NAbs values at each time
point were positively correlated with total Ig levels, whereas IgG
levels were positively correlated with NAbs at visit 1 and visit 3 as
shown in Fig. 5.

Finally, changes in IgG/total Ig antibodies titers measured using
CLIA and the neutralization assay at each visit for 31 of the 99 HCWs
who completed 3 visits were individually plotted in Supplementary
Fig. 1.

Discussion

In our study, the point prevalence of SARS-CoV-2 nasopharyn-
geal carriage among asymptomatic HCWs was 11.4%. Although
recruitment on a voluntary basis may lead to over-enrollment of
HCWs highly concerned about potential infection, our point preva-
lence keeps with results of a meta-analysis of 97 studies, in which
the estimated prevalence of SARS-CoV-2 infection was 11% using
RT-PCR [12]. Serological testing by CLIA was performed to eval-
uate baseline seroprevalence and not as a confirmatory test of
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infection. In our cohort, 10.6% of HCWs had SARS-CoV-2 IgG anti-
bodies and 15.8% had SARS-CoV-2 total Ig antibodies. Reports from
various countries show different seroprevalence patterns among
HCWs, with an 8.7% estimated overall seroprevalence of SARS-CoV-
2 among HCWs in the meta-analysis by Galanis et al., being higher
in studies conducted in North America (12.7%) compared to those
in Europe (8.5%), Africa (8.2%) and Asia (4%) [13].

Combining data from current positive RT-PCR and antibody
detection, the cumulative prevalence of SARS CoV-2 infection rose
to 25.6%, all of whom had not previously been diagnosed with
COVID-19, indicating a large percentage of unrecognized infec-
tions, possibly because of subclinical infections or underreporting
of symptoms. In a university hospital in Spain, 16.9% and 10.8%
healthcare workers were SARS-CoV-2 IgG and RT-PCR positive,
respectively with a cumulative prevalence 19.9% [14].

Data from many studies support the hypothesis of higher
SARS-CoV-2 infection rates in HCWs compared with the general
population, suggesting an occupational risk of exposure to SARS-
CoV-2 [15,16]. However, this was not the case in our study, where
SARS-CoV-2-positivity rates by RT-PCR were found to be similar
in HCWs and NHCWs (~11%) and this was more obvious in sero-
prevalence data where SARS-CoV-2 seropositivity was significantly
higher in non-HCWs in whom the cumulative prevalence of infec-
tion was 41%. Given that HCWs are presumably more exposed to
the virus, parallel or reversed trends in infection rates in HCWs
and the general public may signify community transmission as a
greater source of infection especially in presence of peculiar cul-
tural factors in our community. Another contributing factor is that
adequate supply of personal protective equipment (PPE), which
was the case in our university hospital, is protective and should
ease HCWs’ concerns.
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Studies examining the occupational role with the highest risk
of SARS-CoV-2 infection among HCWs, have shown conflicting
results. Some studies have reported high rates of positivity among
clinicians [17], nurses [12] or support roles [15], whereas other
studies demonstrated no variation in infection rates by job role
[18,19]. In our study, we observed higher frequency in janitorial
staff and administrative employees, and lower frequency among
physicians followed by nurses, who despite more patient-near con-
tact, have greater awareness and training leading to proper PPE use.
In order to study the differential influence of work-related expo-
sure within hospital environment, HCWs were classified according
to their medical department. Cumulative prevalence of SARS-CoV-2
among HCWs assigned to gastrointestinal and emergency depart-
ments was higher (31.1% and 30.0%, respectively) compared to
other departments. This seems logical due to more frequent and
urgent encounters with patients of unknown SARS-CoV-2 status
and generation of infected aerosols during endoscopic procedures
[20].

Identifying symptoms associated with SARS-CoV-2 infection,
may guide HCWs screening and self-isolation [21]. In our cohort,
10% of HCWs with positive tests for SARS-CoV-2 did not recall
any symptoms consistent with COVID-19 in the preceding months.
Despite being lower than several studies where 20-50% of infec-
tions remain subclinical, this finding supports the inadequacy of
relying on symptoms for screening HCWs [22]. Participants were
asked to document symptoms over the prior 3-4 months, and
although most COVID-19 symptoms are common to many other
upper respiratory viral infections, the presence of prior anosmia,
fever, or headache were associated with higher odds of positivity.
This finding is consistent with several studies that found anos-
mia to have higher odds of PCR positivity [23]. Although myalgia,
fatigue, sore throat and cough have been reported to be associated
with SARS-CoV-2 positivity, we did not find significant associations
despite their high prevalence in our study population [24].

In the face of SARS-CoV-2 vaccines and viral mutations, it
is important to understand the dynamics of immune responses
following natural infection. Previous reports observed higher
antibody levels earlier in patients with severe/critical infections
compared to those with mild/moderate disease [25,26], but less
is known about the magnitude and durability of antibody response
in asymptomatic SARS-CoV-2 infected individuals [27]. As in other
viral infections, SARS-CoV-2 infection has polyclonal elevation of
immunoglobulins. Serological tests for SARS-CoV-2 frequently test
for IgM antibody isotype to cover early immune responses as well
as IgG antibody isotype indicating recovery period or prior infec-
tion [28], whereas IgA antibody has been analyzed in few studies
[29].

Our results showed that positive rates of SARS-CoV-2 specific
IgG [total Ig antibodies in PCR-positive HCWs were higher and
maintained over time than in PCR-negative HCWs. Therefore, we
hypothesized that those HCWs with negative RT-PCR results had
been previously infected by SARS-CoV-2 few weeks prior to study
recruitment, when the local spread of SARS-CoV-2 in Egypt was on
the rise and the timing of sample collection was later in disease
course.

IgG levels declined slowly but remained relatively stable up to
120 days mainly in PCR-positive HCWs. On the other hand, we
noted that total Ig levels remained stable and continued to increase
up to 120 days regardless PCR results. The immunoglobulin isotype
that was elevated to sustain and increase total Ig levels need to be
further investigated.

NAbs are considered a key player following natural infection or
vaccines [9]. Importantly, we found evidence that asymptomatic
individuals with SARS-CoV-2 were capable of generating NAbs at
heterogenous titers. The neutralizing activity was maintained at
neutralization titers 1:40 up to 120 days in PCR-positive HCWs, in
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which 80% of them had detectable activity, while those measured
in PCR-negative HCWs were maintained up to 60 days and then
started to decline at neutralization titers 1:20. This observation has
been consistently reported in similar studies as well [30,31].

Another encouraging finding from our study is that neutraliza-
tion activity was positively correlated to IgG/total Ig antibodies.
This might be explained that anti-SARS-CoV-2 IgG/total Ig antibody
of our assay could detect neutralizing antibodies directed against
the spike (S) protein since IgG/total Ig antibodies target the S1 sub-
unit of the S protein of SARS-CoV-2 which is necessary for viral
attachment and entry into host cells [32]. This suggests that levels
of IgG/total Ig measured with CLIA can give a clue on the presence of
NAbs directed against SARS-CoV-2, particularly in vaccinated indi-
viduals, without the cost, hazards, time, and expertise needed for
neutralizing assays. In the same context, competitive neutralization
assays have been designed to replace live-virus-based neutraliza-
tion test [33].

In conclusion, the cumulative prevalence of SARS-CoV-2 among
HCWs was lower than in general population. Our data suggest that
asymptomatic PCR-positive HCWs exhibited considerable IgG and
total Ig immune responses with detectable levels as well as neu-
tralizing antibodies up to 120 days, with a positive correlation
in between. More insights about antibody kinetics in asymp-
tomatic individuals with SARS-COV-2 infection and the possibility
of detecting neutralizing antibodies will be of paramount impor-
tance for preventing disease transmission and re-infection and
addressing the development of effective vaccines.
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