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ARTICLE INFO ABSTRACT
Article history: Introduction: Healthcare workers (HCWs) in Saudi Arabia are a unique population who have had exposures
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coronavirus-2 (SARS-CoV-2). It follows that HCWs from this country could have pre-existingMERS-CoV
Accepted 23 August 2021

antibodies that may either protect from coronavirus disease 2019 (COVID-19) infection or cause false
SARS-CoV-2 seropositive results. In this article, we report the seroprevalence of MERS-CoV and SARS-

Iég{/"l’]gng CoV-2 among high-risk healthcare workers in Riyadh city, Saudi Arabia.

Seroprevalence Methods: This is a cross-sectional study enrolling 420 high-risk HCWs who are physically in contact with
SARS-CoV-2 COVID-19 patients in three tertiary hospitals in Riyadh city. The participants were recruited between
IgG antibody the 1st of July to the end of December 2020. A 3 ml of the venous blood samples were collected and
Healthcare workers tested for the presence of IgG antibodies against the spike proteins of SARS-CoV-2 and MERS-CoV using

enzyme-linked immunosorbent assay (ELISA).
Results: The overall prevalence of SARS-CoV-2 in high-risk HCWs was 14.8% based on SARS-CoV-2 IgG
testing while only 7.4% were positive by Polymerase Chain Reaction (PCR) for viral RNA. Most of the
SARS-CoV-2 seropositive HCWs had symptoms and the most frequent symptoms were body aches, fever,
cough, loss of smell and taste, and headache. The seroprevalence of MERS-CoV IgG was 1% (4 participants)
and only one participant had dual seropositivity against MERS-CoV and SARS-CoV-2. Three MERS-CoV
positive samples (75%) turned to be negative after using in-house ELISA and none of the MERS-CoV
seropositive samples had detectable neutralization activity.
Conclusion: Our SARS-CoV-2 seroprevalence results were higher than reported regional seroprevalence
studies. This finding was expected and similar to other international findings that targeted high-risk
HCWs. Our results provide evidence that the SARS-CoV-2- seropositivity in Saudi Arabia similar to other
countries was due to exposure to SARS-CoV-2 rather than MERS-CoV antibody.

© 2021 The Authors. 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

An outbreak of pneumonia of unknown cause was first reported
in Wuhan, China in December 2019 [1]. The causative pathogen
was found to be a novel coronavirus that is different from other
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Fig. 1. A: The association between the PCR result and seroprevalence of IgG SARS-CoV-2 antibody. Odds ratios of seropositive for SARS2 PCR positive compared to negative.
B: A dot-plot of individual seroprevalence of IgG to SARS-CoV-2 antibodies distributed by PCR results. Dots represent the value of the participants’ IgG antibody SARS-Cov-2.
The horizontal line at 1.1 represents the reference line (cut-off) of seropositive IgG antibodies.

organization (WHO) as SARS-CoV-2 and the manifested disease
was termed as coronavirus disease 2019 (COVID-19) [4]. The con-
firmed cases have been increasing tremendously and the virus has
spread rapidly leading to a global pandemic[5,6]. As of February 22,
2021, a total of 110,974,862 confirmed cases have been identified
worldwide, with 2,460,792 fatal cases [7].

During this pandemic, several reports showed an increased risk
of developing COVID-19 infection in certain populations including
healthcare workers (HCWs) who are the front liners looking after
infected critically ill patients [8-10]. The reported risk for COVID-19
infection among HCWs, based on the seroprevalence of SARS-CoV-
2 antibodies, is higher than the normal population reaching around
13% in some countries [11,12]. This risk might cause a global crisis
due to the expected shortage of health professionals and ongoing
community transmission, especially from asymptomatic workers.
For thatreason, several measures were taken to decrease the risk for
COVID-19 infection among this population during this pandemic to
cope with the high number of patients requiring urgent health care.
These measures include proper isolation and handling of COVID-19
patients, adherence to personal protective equipment (PPE) proto-
cols, screening HCWs after any unprotected exposure to COVID-19
patients.

Among all HCWs, there is a specific group that might have a
higher risk for COVID-19 infection including physicians, nurses, and
respiratory therapists who are working in Emergency Rooms (ER),
Intensive Care Units (ICU), and COVID-19 Admission Wards due
to the unavoidable prolonged close contact with infected patients.
Our study aimed to explore the risk for COVID-19 infection and
the percentage of seropositivity in this unique high-risk group in
the setting of potential previous exposure to MERS-CoV infected
patients [13]. This study will shed light on protective host immunity
in high-risk HCWs during the current COVID-19 pandemic.

Methods
Study design and population

This is a cross-sectional seroprevalence study enrolling 420
high-risk HCWs who are working in three tertiary hospitals in
Riyadh city. Those hospitals, include King Abdallah Specialist Chil-
dren Hospital (KASCH), King Abdulaziz Medical City (KAMC), and
Prince Mohammed bin Abdulaziz Hospital (PMAH), were dedicated
to treat COVID-19 patients during this pandemic and MERS patients
in the previous endemic. All participants signed an informed
consent and completed the study questionnaire that covered
demographic data, clinical symptoms, and SARS-CoV-2/MERS-CoV
reverse transcriptase polymerase chain reaction (PCR) results [14].

Blood collection and serological testing

A 3 ml blood was drawn from each participant via the venipunc-
ture technique. Blood samples were collected in EDTA tubes and
plasma was separated and stored at -20°C degree for analysis.
Isolated plasma were tested for the presence of anti-SARS-CoV-
2 IgG antibodies specific for S1 unit of the spike protein using
the anti-SARS-CoV-2 enzyme-linked immunosorbent assay (ELISA)
commercial kit (Euroimmun, Lubeck, Germany) according to the
manufacturer’s protocol. Additionally, samples were tested for the
presence of MERS-CoV IgG antibodies using a MERS-CoV S1 spike
ELISA (EI 2604-9601 G kit, Euroimmun, Liibeck, Germany). Results
were semi-quantitatively calculated as the ratio of the OD values of
samples over the OD values of a kit calibrator. Ratios above the cut-
off-point 1.1 were considered positive as per the manufacturer’s
instructions. Samples, calibrators, positive and negative controls
were run in duplicate. The sensitivity and specificity of the Euroim-
mun kit for samples tested within 10-25 days of onset of symptoms
were reported as 97.3% sensitivity and 92.9% specificity for anti-
MERS-CoV [15], while 94.4% sensitivity and 99.6% specificity for
anti-SARS-CoV-2 antibodies [16].

Real-time polymerase chain reaction assay

Detection of MERS-CoV and SARS-CoV-2 were analysed in the
clinical laboratories in the different hospitals as reported previously
[17,18].

Confirmatory testing

An in-house enzyme-linked immunosorbent assay (ELISA) was
used for detecting IgG against S1 spike proteins of SARS-CoV-2
and MERS-CoV as confirmatory testing. This was followed by pseu-
dotyped viral particles (pp) based neutralization assay, utilizing
SARS2pp and MERSpp to evaluate the presence of neutralizing
antibodies against both viruses as described in previous reports
[13,19,20].

Statistical analysis

Data were analysed using the statistical software IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.
Categorical data were presented as count and percentage. The Chi-
square test or Fisher’s exact tests were used to assess the association
between seroprevalence and other categorical variables. Multivari-
able logistic regression was used to assess the association of the
main symptoms affecting the seropositive. The level of significance
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Table 1
Demographics, symptomatology, and occupational exposure, PCR, seropositive and
seronegative among the study participants.

Variable Category n(%)
Age (years) <25 17 (4)
25-34 189 (45)
35-44 122 (29)
45-54 64(15.2)
55+ 28 (6.7)
Gender Female 237(57.2)
Male 177 (42.8)
Hospital KSASH 159 (37.9)
KAMC 188 (44.8)
PMAH 73(17.4)
Department ER 89(21.2)
ICU 67 (16)
Infectious disease 33(7.9)
Respiratory Services 20(4.8)
Internal Medicine 106 (25.2)
Paediatric 105 (25)
Job Nurse 189 (45)
Physician 210 (50)
Respiratory therapist 21(5)
IgG antibody for SARS-CoV-2 Seronegative 358(85.2)
Seropositive 62(14.8)
SARS2 symptoms Asymptomatic 293 (69.8)
Symptomatic 127 (30.2)
PCR SARS-CoV-2 Negative 285(67.9)
Positive 31(7.4)
Not done 104 (24.8)
IgG antibody for MERS Seronegative 416 (99)
Seropositive 4(1)
MERS PCR Negative 61(14.5)
Positive 0(0)
Not done 359(85.5)

was set at 5%. The binomial exact confidence interval was used to
obtain the 95% confidence interval for the seropositive.

Results

From the 1st of July to the end of December 2020, we enrolled
420 high-risk health care worker; including 159 (37.9%) from
KASCH, 188 (44.8%) from KAMC and 73 (37.9%) from PMAH The
study was recruited 210 (50%) physicians, 189 (45%) nurses, and
21 (5%) respiratory therapists who are working in the ER, ICU, and
isolation wards. The demographic and characteristic profiles of the
participants were summarized in Table 1. The majority of partici-
pants 189 (45%) were in the age group between 25 to 34 years old.
Females represented 57.2%. All included healthcare workers were
recruited with variable percentages from departments that have
very high exposure to infected patients.

The overall prevalence of COVID-19 infection among the high-
risk group was [14.8%; 95%Cl = (11.5 %-18.5 %)] based on positive
SARS-CoV-2 IgG testing while only [9.8%; 95%CI = (6.8 %-13.6 %)]
were positive by PCR. The majority of participants with positive
SARS-CoV-2 PCRs were seropositive by SARS-CoV-2 IgG testing
while most of the individuals with negative PCR results or no PCR
tests had negative IgG testing (Fig. 1A, B). Subsequently, our tar-
geted population was stratified according to multiple variables
including job, department, hospital, gender, and age to determine
the significant variances among the individuals with seropositive
results. There were no consistent differences observed between
participants with from different jobs description, departments, and
hospitals with a P-value of 0.69, 0.40, and 0.29, respectively. Fur-
thermore, no observed significant difference was observed for the
seropositive IgG among different genders and ages with a P-value
of 0.88 and 0.80 (Fig. 2).

The current results show that asymptomatic HCWs were found
to be higher in the seronegative group. When compared to the
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Fig. 2. The association between seroprevalence and participants’ occupational
exposure, departments, hospitals, gender, and age. P-values were calculated using
the chi-square test or Fisher’s exact test. Lines represent the 95% confidence intervals
for the seroprevalence using the Binomial “exact” CI.

seropositive group; most of the individuals had symptoms con-
cerning for COVID-19 infection with a significant P-value(<0.001)
(Fig. 3A). The most frequent symptoms that were found to be sig-
nificant among the seropositive individuals include cough (11.7%,
OR 5.47), fever (8.8%, OR 4.78), body aches (5.2%, OR 68.5) and loss
of smell and taste (5.0%, OR 5.66) (Fig. 3B, C).

MERS-CoV serology was also studied to rule out any possi-
ble false-positive SARS-CoV-2 IgG results due to previous MERS
infection and the MERS-CoV seroprevalence was found to be less
than1% while none of the positive participants reported positive
PCR for MERS-CoV in the past (Table 1). Interestingly, one of the
four participants had seropositivity against both MERS-CoV and
SARS-CoV-2. Given this information and due to the variability in
sensitivity and specificity among different ELISA kits, we repeated
MERS-CoV and SARS-CoV-2 serology for those four MERS-CoV pos-
itive samples in comparison to four controls (1 positive control
for MERS-CoV, 1 positive control for SARS-CoV-2, and 2 nega-
tives for both) after utilizing an in-house ELISA and we found
that 3 samples turned to be negative for MERS-CoV while only
one sample continued to be positive for MERS-CoV and SARS-
CoV-2 (Fig. 4A). Subsequently, MERSpp and SAS2pp neutralization
assays were performed for 3 random seropositive SARS-CoV-2 and
all seropositive MERS-CoV samples. All the selected seropositive
SARS-CoV-2 showed a detectable neutralizing activity while none
of the MERS-CoV seropositive samples showed any neutralizing
antibodies (Fig. 4B).

Discussion

COVID-19 is a new disease that has spread to almost all coun-
tries leading to a global pandemic. The Kingdom of Saudi Arabia is
one of the countries that was affected by this emerging pathogen in
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the setting of the previous painful experience during the MERS-CoV
endemic. In early March 2020, the first patient with SARS-CoV-2 in
Saudi Arabia was reported by the Saudi Authorities and then the
number of confirmed cases started to rise and the peak of disease
was observed in the period from May to August 2020. As of March
16, 2021, a total of 382,752 confirmed cases have been identified
in Saudi Arabia, with 6573 deaths [21]. HCWs in this country have
a high-risk of getting COVID-19 infection similar to HCWs from
other countries especially those who are working in ER, ICU, or
COVID-19 admission wards due to frequent exposures to infected
patients. Previous reports showed that the seroprevalence of SARS-
CoV-2 among HCWs was variable ranging from 2 to 16%[12,22-29].
These seroprevalence studies are necessitating the protection of
HCWs from the emerging high-threat pathogens to limit secondary
transmission in healthcare facilities especially from asymptomatic
workers and to prevent any unexpected shortage of healthcare pro-
fessionals.

Our study showed the estimated prevalence of SARS-CoV-2,
among high-risk HCWs working in three tertiary hospitals in
Riyadh city, was 14.8%. This resultis higher than the reported recent
study from Saudi Arabia that demonstrated the seroprevalence of
COVID-19 among HCWs to be 2.36% [19,30]. The higher seropreva-
lence estimates in our report might be explained by our population
as we targeted only high-risk HCWs and our recruitment was dur-
ing the peak of COVID-19 infection in Saudi Arabia. Our findings
are in agreement with other reports from Ticino, Switzerland that
showed high seropositivity (14.07%) among HCWs who are working
in high-risk wards where COVID-19 patients were managed [22].
In a study from New York City, the overall calculated COVID-19
seroprevalence in HCWs was 13.7% with observed higher seroposi-
tivity in HCWs taking care of patients in the emergency department
(17.3%) and hospital units (17.1%) [31]. Our result showed a huge
discrepancy in COVID-19 prevalence based on the used test for
screening (14.8% based on SARS-CoV-2 IgG testing while only 7.4%
based on PCR results). The overall prevalence of COVID-19 infec-
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tion based on antibody testing might be better than the calculated
seroprevalence based on PCR testing for many reasons. Firstly,
COVID-19 PCRs were only collected from high-risk individuals
including symptomatic persons and close contacts with COVID-19
patients. Secondly, PCR results are affected by the swab technique
and the result will be positive only if the viral RNA presents in the
upper respiratory tract during the time of the swab. Interestingly,
our result revealed that the majority of individuals with positive
SARS-CoV-2 PCRs have positive SARS-CoV-2 IgG testing which sup-
ports utilizing SARS-CoV-2 IgG for seroprevalence studies.

Our result suggested that there was no significant difference in
the risk of COVID-19 infections among high-risk HCWs from dif-
ferent departments or even different hospitals. Additionally, there
was no difference in risk between jobs (physician, nurses, respi-
ratory therapist), genders, and ages which indicates the presence
of similar exposure and susceptibility to infection between these
groups. This could be attributable to the standardization of Saudi’s
national guidelines for personal protective equipment (PPE) that
were adopted from the WHO guidelines [32]. In agreement with
our results, a recent study from Denmark showed no statistically
significant difference in the risk for SARS-CoV-2 infection among
HCWs from different jobs [27].

The clinical spectrum of COVID-19 infection is wide and the
majority of HCWs, who had SARS-CoV-2 antibodies, reported
symptoms during this epidemic. The most frequent symp-
toms were cough, followed by other symptoms including fever,
headache, body aches, loss of smell and taste, shortness of
breath, vomiting, and diarrhea. In concordance with another study
from Sweden [24], our results demonstrated a strong association
between higher levels of SARS-CoV-2 antibodies and certain symp-
toms including body aches, cough, fever, and loss of smell and taste.
A good proportion of the HCWs in our study reported being free
of symptoms despite seropositivity for SRAS-CoV2. The prevalence
study in England reported that around 30% were asymptomatic
[33] and similar findings were provided by the group from Spain
[25]. This high percentage of asymptomatic HCWs means that those
individuals will not be identified and isolated which will lead to
secondary transmissions in healthcare facilities.

As Saudi Arabia was considered to be an endemic area for MERS-
CoV in the last few years, HCWs in this country were exposed to
MERS patients during those crises [34]. Some of the HCWs might
have protective antibodies against MERS-CoV that may impact any
COVID-19 serological study due to the possibility of the presence of
protective antibodies against MERS-CoV that might lead to either
protection from COVID-19 infection or false SARS-CoV-2 seroposi-
tive result. This study showed that the estimated SARS-CoV-2 IgG
seropositive antibodies among high-risk HCWs was 14.8% while
the seroprevalence of MERS-CoV IgG was less than 1%. This report
showed an evidence that the COVID-19 seropositivity in Saudi
Arabia, like other countries, was most probably due to previous
exposure to SARS-CoV-2 rather than MERS-CoV.

Notably, we recorded a significant variability in sensitivity and
specificity among different ELISA kits as 3 from a total of 4 partici-
pants with seropositive MERS-CoV turned out to be negative after
utilizing anin-hose ELISA kit. Interestingly, one participant who had
a previous COVID-19 infection that was documented by positive

PCR continued to have positive MERS-CoV and SARS-CoV-2 IgG
antibodies. This result could be attributable to the presence of
an anti-spike SARS-CoV-2 antibody that cross-reacted with other
coronaviruses including MERS-CoV. A neutralization assay was
performed for all MERS-CoV seropositive samples and few SARS-
CoV-2 IgG positive samples as another confirmatory test. Our
results demonstrated that all SARS-CoV-2 positively tested samples
showed good neutralization activity while none of the MERS-CoV
seropositive samples showed any neutralizing antibodies.

Journal of Infection and Public Health 14 (2021) 1268-1273

The strength of our study is that we recruited only high-risk
HCWs from different hospitals including two adult hospitals and
one pediatric hospital. All of these HCWs from selected hospitals
had previous exposures to patients with MERS-CoV and patients
with SRAS-CoV-2. By recruiting those participants, our results
provide proof of concept for exploring the possibility of cross-
reactive immune responses between the two corona viruses. We
acknowledge limitations including the small sample size and the
self-reporting bias. Although the limitation due to self-reporting
bias is unavoidable in any study requiring the voluntary provision
of information.

Conclusion

Herein, we reported a high seroprevalence of SARS-CoV-2 IgG
among high-risk HCWs in Saudi Arabia. This high prevelance was
not related to cross-reactivity with MERS-CoV infection. The major-
ity of COVID-19 seropositive HCWs were symptomatic and the
most frequent symptoms were cough, fever, headache, body aches,
and loss of smell and taste. Obtaining serological screening is
useful for the identification of asymptomatic HCWs who might
cause unintended ongoing community transmission. All HCWs are
encouraged to optimize the use of personal protective equipment
to protect them from avoidable infections and to prevent the spread
of infections in healthcare facilities.
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