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ABSTRACT

الجائحة  ذروة  بعد   SARS-CoV-2 كورونا  فيروس  انتشار  مدى  قياس  الأهداف: 
وقبل بداية اللقاح في الرياض بالمملكة العربية السعودية واكتشاف المزيد من العوامل 

المسببة لإيجابية التحليل.

المنهجية: أجريت دراسة مقطعية على 515 متبرعًا بالدم خلال الفترة من 22 نوفمبر 
المملكة  الرياض،  في  الطبية  الملك سعود  مدينة جامعة  في  2020م  ديسمبر   17 إلى 
على  أسئلة  طرحنا   .SARS-CoV-2 IgG إيجابية  في  للنظر  السعودية  العربية 
المشاركين عن خصائصهم الديموغرافية، وتاريخ العدوى السابقة بالكورونا، والأعراض 

المرتبطة.

)العدد=   12.2% دراستنا  في   SARS-CoV-2 كورونا  انتشار  كان  النتائج: 
مرض  الانتشار  معدل  وارتفاع  المواطنين  غير  بين  ارتباط  هنالك  كان   .)63/515
تاريخ  لديهم  الذين  المشاركون  كان   .)p=0.02  ،2.10 الأرجحية=  كورونا )نسبة 
نسبة  لديهم  التشخيص  عن  النظر  بغض  له  المصاحبة  الأعراض  أو  لـلكورونا  تعرض 
إيجابية في تحليل مضادات الغلوبولين المناعي للكورونا أعلى بالمقارنةً مع المشاركون غير 
المعرضين أو غير المصحوبين بأعراض. المتبرعين بالدم الذين لديهم أعراض الالتهاب كان 
لديهم معدل إيجابي أعلى من اللذين لا تظهر عليهم أعراض. من بين جميع الأعراض 
تحليل  بإيجابية  كبير  بشكل  تنبأ  الأكثر  الشم  وفقدان  السعال  كان  عنها،  المفصح 

مضادات الغلوبولين المناعي للكورونا .

المتبرعين  بين   SARS-CoV-2 كورونا  لـفيروس  المصلي  الانتشار  معدل  الخلاصة: 
بالدم في الرياض أقل بكثير من النسب المئوية اللازمة لمناعة القطيع. يعد ظهور أعراض 
SARS-CoV-2 عاملًا حاسمًا لزيادة الإيجابية في التحليل بعد التعرض لـلفيروس.

Objectives: To study the prevalence of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) after 
pandemic’s peak and before the vaccine enrollment in 
Riyadh, Saudi Arabia and further explore predictors for 
SARS-CoV-2 positivity.

Methods: A cross-sectional study of 515 blood donors from 
November 22 to December 17, 2020 was conducted at King 
Saud University Medical City, Riyadh, Saudi Arabia to look 
at SARS-CoV-2 immunoglobulin G (IgG) positivity. The 
participants were asked questions about their demographic 
characteristics, past SARS-CoV-2 infection, SARS-CoV-2-
related symptoms and exposures. 

Results: The seroprevalence in our study was 12.2% 
(n=63/515). Being a non-citizen was associated with 
significantly higher seroprevalence (OR 2.10, p=0.02). 
Participants with history of SARS-CoV-2 exposure or 
symptoms regardless of SARS-CoV-2 diagnosis had higher 
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SARS-CoV-2 IgG positivity compared to unexposed 
or asymptomatic participants (OR 2.47, p=0.0008 or 
11.19, p=0.0001, respectively). Blood donors who had 
symptomatic SARS-CoV-2 IgG infection had a higher 
SARS-CoV-2 IgG positivity rate (OR 5.04, p=0.008) 
and index value (p=0.003) than the asymptomatic. Of all 
the reported symptoms, cough (p=0.004) and anosmia 
(p=0.002) were significant predictors of SARS-CoV-2 IgG.

Conclusion: The seroprevalence of SARS-CoV-2 among 
the blood donors in Riyadh, Saudi Arabia is considerably 
lower than the percentages necessary for herd immunity. 
Developing SARS-CoV-2-symptoms is the critical factor 
for higher seropositivity after SARS-CoV-2 exposure.
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Severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) infection has severely impacted 

countries worldwide. It started in China, in late 
December 2019.1  As of February 21, 2021, the number 
of cases was over 110 million, and the number of 
deaths was around 2.4 million from 222 countries and 
territories according to the world health organization 
databas.2

Severe acute respiratory syndrome coronavirus-2 
infection appeared in Saudi Arabia on March 2, 2020, 
after which several preventative measures were launched, 
including partial and then total lockdown.3 Fortunately, 
due to the Saudi health authority’s excellent response 
and efforts since the beginning of the pandemic, the 
country has had only one peak so far from June to 
August of 2020, and the lockdown was lifted on June 
21, 2020. As of February 21, 2021, the number of 
confirmed SARS-CoV-2 cases in the Kingdom were 
373,702, and the deaths were 6,445. Of the total 
cases, 63,312 were reported from the Riyadh region.4 
A recent study that looked at all the confirmed cases 
of SARS-CoV-2 infection in Saudi Arabia from March 
1, 2020 to June 20, 2020, showed that majority of the 
infected patients were male (71.7%), the median age 
was 36, and only 64% were symptomatic.3 In addition 
to that, the reported incubation period is 6 days.3

Severe acute respiratory syndrome coronavirus 2 
infection presentation varies from no symptoms to 
severe acute respiratory distress syndrome and death.5 
The cases are usually diagnosed by reverse transcriptase-
polymerase chain reaction (RT-PCR). However, there 
is an unidentified proportion of cases in which people 
display mild or no symptoms or were never tested 
despite having symptoms.6,7 Hence, serological tests are 
important for providing better estimates of population-
based infection.8 

Immune reaction to SARS-CoV-2 is diverse and 
critical for effective elimination.9 One of the late immune 
responses is the production of immunoglobulin by the 
adaptive immune system.10 Iummunoglobulin (Ig) M 
and IgG were produced at various time points during 
the SARS-CoV-2 infection. Particularly, IgG appears 
at the end of the first week of infection and can last 
for months and even years.11,12 As for SARS-CoV-2 
IgG, several studies have demonstrated that by the 
2nd or 3rd week after infection, most infected cases 

have seroconverted.13-15 However, the extent to which 
these antibodies last is still understudied. Many studies 
have demonstrated that IgG peaked at around 1-2 
months and lasted for up to 4-5 months in a subset of 
patients.12,16-18 Patients with symptomatic SARS-CoV-2 
infection have higher seropositivity than asymptomatic 
ones.11,19 Furthermore, the severity of the SARS-CoV-2 
infection correlated with higher seropositivity.11 Despite 
serological tests’ limitations with regard to the estimation 
of the prevalence of the SARS-CoV-2 pandemic, they 
can be the most significant tool in assessing the disease’s 
spread if they are carried out frequently and serially. 

Four SARS-CoV-2 IgG studies have been conducted 
in Saudi Arabia since the pandemic started.20-23 Three 
of the studies looked at the blood donors in the early 
phase of the pandemic (Jan-May, May, and May-June of 
2020),21-23 and one looked at healthcare workers (HCWs) 
during May 2020.20 The results showed huge variability 
from 1.4% to 19.3% SARS-CoV-2 IgG positivity.20-23 
In Riyadh, 2 studies looked at seroprevalence in 
May 2020 and found that the positivity was 0% in 
blood donors and 1.1% in HCW.20,23 However, none 
have evaluated SARS-CoV-2 seroprevalence after the 
peak and before the vaccine role out in the Kingdom to 
better understand the spread of the disease. 

We aim in our study to look at the prevalence of 
SARS-CoV-2 infection in Saudi Arabia’s capital 3 
months after the pandemic peak and before the vaccine 
campaign started. Furthermore, we aim to explore 
past SARS-CoV-2 infection and exposure histories to 
predicts which factors might influence seropositivity. 

Methods. A literature searches was conducted to 
find prior related research articles. We searched the 
following terminologies in PubMed (MEDLINE) 
using MeSH database: “SARS-CoV-2”, “COVID-19 
serological testing”, “COVID-19”, “Saudi 
Arabia”, “seroconversion”, “SARS-CoV-2 IgG”, 
“SARS-CoV-2 IgM”, “blood donors”, “anosmia”, 
and “Seroepidemiologic studies”. We used these 
terminologies alone or in multiple combinations. The 
resulted articles were screen by authors for relevance and 
articles related to topics were chosen and cited.   

This is a cross-sectional study to look at seroprevalence 
of SARS-CoV-2 among blood donors from the blood 
bank at King Saud University Medical City (KSUMC), 
Riyadh, Saudi Arabia from November 22 to December 
17, 2020. This study was approved by the Local 
Institutional Review Board (KSU Ref. No. 20/0584/
IRB), and written informed consent was obtained. The 
study was conducted according to principles of Helsinki 
Declaration.

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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As there was a lack of SARS-CoV-2 infection 
prevalence studies in Saudi Arabia before we conducted 
our study, an estimation of between 10-30% prevalence 
guided our sample size calculation. The sample size 
needed to estimate the study’s prevalence was found 
to be between 139 and 323 based on a 5% margin of 
error and 95% confidence interval (CI). Provided the 
uncertainty of our estimation, we aimed to recruit 
approximately 500 subjects. At the end of our study, we 
were able to recruit 515 participants.   

The inclusion criteria was based on the eligibility 
of blood donors who came to the blood bank at 
KSU. The blood bank eligibility criteria follows the 
American Association of Blood Banks (AABB)24 and 
Saudi Central Board for Accreditation of Healthcare 
Institutions (CBAHI) guidelines.25 Briefly, donors are 
required to be in good health, weigh more than 50 kg, 
not use any of the prohibited medications, and be free 
from any condition that may pose a risk of harm to 
themselves or the recipients of their blood products. 
Additional requirements were introduced in light of the 
SARS-CoV-2 pandemic, which include no history of 
SARS-CoV-2 diagnosis, related symptoms, or exposure 
in the 30 days before donation. On the day of donation, 
their vital signs and blood hemoglobin levels are 
checked, and they must fill out a health questionnaire. 
A qualified person interviews them regarding their 
medical history, travel history, personal history, 
medication usage, past medical treatments, lifestyle, and 
life events. Once blood donors were deemed eligible, 
informed consent was obtained, and they filled out the 
study questionnaire. Donors were excluded if they did 
not sign an inform consent. 

Covariates. The study questionnaire included 
3 sections: Socio-demographic questions, past 
SARS-CoV-2 exposure, and past SARS-CoV-2 
diagnosis. The socio-demographic variables included 
age, gender, city of residence and district, occupation, 
and nationality. SARS-CoV-2 exposure-related 
questions confirmed SARS-CoV-2 exposure and its 
timing. Severe acute respiratory syndrome coronavirus-2 
diagnosis-related questions established the diagnosis by 
rRT-PCR, the timing of the diagnosis, and SARS-CoV-2 
symptoms including: fever, cough, shortness of breath 
(SOB), anosmia, headache, and diarrhea. Based on self-
reported symptoms, participants were categorized as 
asymptomatic or symptomatic (having any symptoms).

Serological test. We took 3-5 milliliters of blood 
in yellow-top tubes (BD Vacutainer® blood collection, 
BD, New Jersey, USA) from all participants who 
consented to the study during the donation process. To 
detect SARS-CoV-2 IgG, we used the Abbott Architect 

SARS-CoV-2 IgG serological kit (Abbott Laboratories, 
Lake Forest, IL, USA) and the ARCHITECT i2000SR 
system (Abbott Laboratories, Lake Forest, IL, USA). The 
test was carried out within 24 hours of sample collection 
for all participants. The kit is a chemiluminescent 
microparticle immunoassay (CMIA)-based assay and 
it is approved by the United States and Saudi Arabia’s 
food and drug administrations for clinical use. It has 
a reported sensitivity of 100% after 16-21 days of 
symptoms and 99.6-99.9% specificity.14,26,27

Statistical analysis. The confidence interval 
for the overall seroprevalence was calculated by a 
binomial test. We calculated odds raito, 95% CI, and 
Chi-square p-value when comparing 2 percentages 
of 2 or more categorical variables. We employed a 
2-tailed independent t-test to compare the means of 
2 continuous variables. We used one-way ANOVA 
to compare the means of the SARS-CoV-2 IgG index 
value across 3 and more variables. A logistic regression 
model was adopted to look at the association between 
the sociodemographic variables and SARS-CoV-2 IgG 
positivity. We used all sociodemographic and exposure 
variables for this model. To predict which symptoms 
were associated with seropositivity, we used another 
logistic regression model including all SARS-CoV-2 
symptoms accounting for age and gender. Diagnosis 
and exposure to SARS-CoV-2 were excluded from 
this logistic regression model; it was expected to be 
the primary source for antibody generation and the 
expected strong correlation with the  SARS-CoV-2 
symptoms. We used JASP (version 0.14.1) (Computer 
software, Amsterdam, the Netherlands) to conduct 
statistical analysis.

Results. A total of 515 blood donors participated 
in this study, which was conducted approximately 3 
months after the pandemic’s national and local (Riyadh) 
incident peak (Figure 1). The study was concluded just 
before the SARS-COV-2 vaccine campaign started 
(Figure 1). The majority of the participants were male 
(84.1%) (Table 1). Their mean age was 30.65 (minimum 
18, maximum 62, and SD 9,76). They were mostly Saudi 
(84.7%) (Table 1). Most participants live in Riyadh 
(96.3%) and they are representative of 5 geographical 
areas of Riyadh (Table 1). Only 13.8% are working in 
the healthcare system. Of the 515 participants, 145 had 
a history of exposure to SARS-COV-2 (28.2%), and 61 
(11.8%) had confirmed SARS-CoV-2 infection. 

The seroprevalence of SARS-CoV-2 among the blood 
donors was 12.2%. Males had a 13.4% seroprevalence, 
while females had 6.10% (p=0.07) (Table 2). Looking 
at our cohort, we found out that 92 participants had 
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Table 1 - General characteristics of blood donors.

Characteristics n  (%)
Age

18-29 275 (53.4)
30-49 213 (41.4)
50-69 27 (5.3)

Gender
Male 433 (84.1)
Female 82 (15.9)

City of residence
Riyadh 496 (96.3)
Other 19 (3.7)

Geographical area in 
Riyadh

Center 59 (11.5)
North 84 (16.3)
South 55 (10.7)
East 91 (17.7)
West 109 (21.2)

Nationality
Saudi 436 (84.7)
Non-Saudi 79 (15.3)

Occupation
HCW 71 (13.8)
Non-HCW 407 (79.0)

Exposure to SARS-
CoV-2

Yes 145 (28.2)
No 370 (71.8)

Values are presented as numbers and
percentages (%). HCW: healthcare worker

Table 2 -	 Percentages of severe acute respiratory syndrome coronavirus-2 
(SARS-Cov-2) immunoglobulin G positivity by demographic 
and exposure variables.

Variables Seroprevalence OR (95% CI) P-value
Overall 63/515 (12.23)
Age

18-29 27/220 (9.82) 1 0.17
30-49 31/213 (14.55) 1.21 (0.69; 2.19) 0.48
50-69 5/18 (18.52) 2.74 (0.90; 8.31) 0.07

Gender
Male 58/433 (13.4) 2.3 (0.92; 6.13) 0.07
Female 5/82 (6.10) 0.42 (0.16; 1.08) 0.07

City of residence
Riyadh 61/496 (12.3) 1.19 (0.26; 5.28) 0.81
Other 2/19 (10.53) 0.81

Geographical 
area in Riyadh

Center 5/59 (8.47) 1 0.71
North 10/84 (11.90) 1.28 (0.41; 3.96) 0.51
South 9/55 (16.36) 2.11 (0.66; 6.75) 0.20
East 10/91 (10.99) 1.33 (0.43; 4.11) 0.61
West 11/109 (10.09) 1.21 (0.40; 3.67) 0.73

Nationality
Saudi 47/436 (10.78) 0.47 (0.25; 0.89) 0.02
Non-Saudi 16/79 (20.25) 2.10 (1.12; 3.9) 0.02

Occupation
HCW 5/71 (7.04) 0.48 (0.18; 1.25) 0.14
Non-HCW 55/407 (13.51) 2.06 (0.79; 5.34) 0.14

Exposure to 
SARS-Cov-2

Yes 31/145 (21.38) 2.47 (1.46; 4.2) 0.0008
No 32/370 (8.64) 0.34 (0.20; 0.59) 0.0008

SARS-Cov-2 
infection

Yes 32/61 (52.46) 15.05 (8.09; 28.01) <0.001
No 31/454 (6.83) 0.06 (0.03; 012) <0.001

Symptoms of 
SARS-Cov-2

Yes 29/61 (47.54) 11.19 (6.07; 20.64) <0.001
No 34/454 (7.49) 0.08 (0.048; 0.16) <0.001

P-value was calculated using Chi-square. OR: odds ratio, 
CI: confidence interval

whether they had a confirmed SARS-COV-2 diagnosis 
or not, had higher seroprevalence than asymptomatic 
donors did (p<0.0001) (Table 1). Accounting for 
the socio-demographic and exposure variables, the 
multivariate logistic regression model emphasized the 
significance of exposure to SARS-CoV-2 and, to a lesser 
extent, non-citizens with regard to SARS-CoV-2 IgG 
positivity (Table 3). 

As our study was conducted 3 months after the 
pandemic’s peak, we were able to look at the association 
between the timing of SARS-CoV-2 diagnosis and 
exposure and the rate of SARS-CoV-2 IgG positivity. 
We did not find a significant difference between the 
various time points after SARS-COV-2 diagnosis or 

either a positive rRT-PCR in the past or a positive 
SARS-CoV-2 IgG. Hence, the total prevalence of 
SARS-CoV-2 infection was 17.7% (n=92/515; 95% 
CI: 14.7-21.5%). If we exclude the participants 
with past SARS-CoV-2 infection, the seroprevalence 
drops to 6.8%. There was no significant difference in 
seroprevalence between Riyadh residents and outside 
residents (Table 2). Furthermore, no statistically 
significant differences in seroprevalence were found 
among residents within Riyadh’s 5 geographical areas 
(Table 2). The highest and lowest seroprevalences were 
found in donors who live in the south (16.4%) and 
the center (8.7%) of Riyadh, Saudi Arabia. However, 
non-citizens had a higher seroprevalence compared to 
citizens (p=0.02) (Table 2). There was no statistically 
significant difference in seroprevalence between HCWs 
and non-HCWs (Table 2). Participants who had a history 
of exposure to SARS-CoV-2 had higher seroprevalence 
than participants who did not (p=0.0008). 
Seroprevalence was significantly higher among those 
who have had SARS-COV-2 compared to those who 
had not (p<0.0001) (Table 2). Blood donors who had 
any symptoms suggestive of SARS-CoV-2 , regardless of 
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exposure and SARS-CoV-2 IgG positivity or index 
values (Figure 2). Interestingly, the participants who 
had symptomatic SARS-CoV-2 infection had a much 
higher rate of SARS-CoV-2 IgG positivity (64.3% 
vs. 26.3%, p=0.005) and higher mean index values 
compared to asymptomatic ones (means 2.7 vs. 1.00, 
p=0.004) (Figure 2). Using a multivariate logistical 
regression model, we found that cough or anosmia 
are statistically significant predictors of SARS-CoV-2 
IgG positivity (Table 4). Among the donors who had 
exposure to SARS-COV-2, those having any symptoms 
suggestive of SARS-CoV-2 infection, regardless of 
whether they had confirmed SARS-CoV-2 infection 
or not, had significantly higher SARS-CoV-2 IgG 
positivity than asymptomatic donors did (n=24/39 
(61.5%) vs. n=7/106 (6.6%), OR 22.63, p<0.0001) 

(Figure 2). Lastly, comparing asymptomatic controls 
(no history of past SARS-CoV-2 infection or exposure) 
with asymptomatic patients exposed to and infected by 
SARS-CoV-2 , we found that additional SARS-CoV-2 
exposure had not changed the seropositivity. Only 
confirmed SARS-CoV-2 infection led to a significant 
difference between the asymptomatic groups (Figure 2).

Discussion. Seroprevalence studies are 
indispensable for detecting the magnitude of a pandemic 
and monitoring it. Such studies are especially important 
when a large percentage of individuals affected by a 
disease are asymptomatic, like the case of SARS-CoV-2 
infection. In this cross-sectional study, we looked at the 
SARS-CoV-2 seropositivity rate among blood donors in 
the city of Riyadh 3 months after the peak and examined 
risk factors and predictors for SARS-CoV-2 IgG 
positivity. For the 515 participants, the seropositivity 
was 12.2%, and the overall cumulative prevalence of 
SARS-CoV-2 infection was 17.9%. These percentages 
are much higher than the incidence rate reported 
from the positive rRT-PCR data in Riyadh (0.8%).4 
However, our result is similar to that reported in the 
Madina region, Saudi Arabia during June 2020 (19.3% 
seroprevalence).21 Notably, the Madina region has the 
highest incidence rate in Saudi Arabia (1.3%),4 and 
this is likely why they reported higher seroprevalence 
than us even though their study was conducted during 
the early part of the pandemic’s peak. The other study 
in Riyadh only looked at HCWs in May 2020 and 
found seroprevalence to be 1.06%.20 In our cohort, 
a large percentage of the participants had confirmed 
SARS-CoV-2 by rRT-PCR (n=61/515, 11.8%). This is 
much higher than the positive rRT-PCR cases in Riyadh 
reported by the health authority (0.8%). This could 
inflate our study’s seroprevalence and might not reflect 
Riyadh’s true prevalence. If we exclude the participants 
with past SARS-CoV-2 infection, the seroprevalence 
drops to 6.8%. Of the seropositive participants, 49.2% 

Table 3 -	 Demographic and exposure predictors of SARS-CoV-2 
antibody positivity.

 Variables OR 95% CI P-value
Age 1.031 0.99; 1.06 0.068
Gender (Male) 1.683 0.55; 5.15 0.362
Nationality (non-Saudi) 2.319 0.99; 5.38 0.05
Occupation (non-HCW) 3.502 0.95; 12.84 0.059
Region center (West) 1.403 0.41; 4.73 0.586
Region center (East) 1.029 0.28; 3.69 0.965
Region center (South) 2.408 0.66; 8.71 0.18
Region center (North) 1.998 0.56; 7.06 0.283
Exposure to COVID19 (Yes) 4.409 2.17; 8.92 <0.001
P-value were calculated using logistic regression model. OR: odds ratio, 

CI: confidence interval, HCW: healthcare worker

Figure 1 -	Epidemic timeline of severe acute respiratory syndrome 
coronavirus-2 positive cases in Saudi Arabia. Gray area reflects 
the timing of enrollment to the study. Pfizer-BioNTech 
vaccines were introduce on December  17, 2020 in Saudi 
Arabia. Data from Saudi Ministry of Health, Covid-19 
Command and Control Center CCC (https://covid19.moh.
gov.sa).

Table 4 -	 Clinical symptoms predictors of severe acute respiratory 
syndrome coronavirus-2 antibody positivity.

Symptoms OR 95% CI P-value

Fever (Yes) 2.199 0.73; 6.61 0.161
SOB (Yes) 1.177 0.27; 5.13 0.828

Anosmia (Yes) 5.795 1.90; 17.62 0.002

Diarrhea (Yes) 0.977 0.22; 4.30 0.976

Headache (Yes) 1.303 0.36; 4.69 0.686
Cough (Yes) 6.592 1.82; 23.86 0.004
P-value were calculated using logistic regression model. OR: odds ratio, 

CI: confidence interval, SOB; shortness of breath 
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Figure 2 -	 Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) related risk factors for seropositivity. A) Seropositivity percentages 
of different time points from participants who had SARS-CoV-2 disease. B) SARS-CoV-2 IgG index value across different time 
points from participants who had SARS-CoV-2 disease. C) Seropositivity percentages of different time points from participants who 
had SARS-CoV-2 exposure. D) SARS-CoV-2 IgG index value across different time points from participants who had SARS-CoV-2 
exposure.  E) Comparing seropositivity percentages of controls (non-exposed and non-infected) with participants who had exposure 
to SARS-CoV-2 or had been infected with it.  F) SARS-CoV-2 IgG index of symptomatic vs. asymptomatic SARS-CoV-2 infected 
participants. Bars in E represent frequency and Chi-squared test were used, bars in F represents mean, and 95% CI and t-test were 
used.
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had not previously been diagnosed with SARS-CoV-2, 
and 31.1% of participants who had SARS-CoV-2 
infection were asymptomatic. This indicates that a 
large percentage of infections were undetected and 
emphasizes the importance of serological studies in 
estimating SARS-CoV-2 prevalence. These observations 
can be found in multiple SARS-CoV-2 seroprevalence 
studies.28-32

Our participants adequately represented the 
Riyadh area. Riyadh city is a geographically large and 
heavily populated city, which resulted in demographic 
differences in its areas that might affect the prevalence of 
SARS-CoV2infection. An example of these differences 
includes, but is not limited to, socioeconomic status 
and population density. However, in our analyses, 
there was no significant difference between different 
areas. Although the difference between genders was not 
statistically significant, males had higher seropositivity 
in our study, and this reflects the finding that most 
of the reported SARS-COV-2 cases affected males 
in Saudi Arabia (71.7% cases).3 Although HCWs 
have more SARS-COV-2 exposure risk, we found no 
statistical difference between HCWs and non-HCWs 
in terms of seroprevalence. Our results were similar 
to those of several studies and may reflect the role of 
adherence to personal protective measures in mitigating 
the risk of infection.33-35 However, we found that non-
citizens had double the seroprevalence than citizens 
did. This is in line with the previous seroprevalence 
studies in Saudi Arabia conducted earlier during the 
pandemic, which also reported more SARS-COV-2 
cases among non-citizens.23 Recently, a review of the 
clinical features of SARS-COV-2 infection in almost 
64% of all reported cases in the Kingdom showed that 
non-citizens were infected more and had more severe 
presentations.3 Furthermore, Saudi Arabia has a high 
percentage of non-citizens who form a large proportion 
of the workforce in low-income jobs. They mostly live 
in crowded housing complexes, which could lead to 
higher exposure risk.

As we had a fair number of participants who either had 
SARS-CoV-2 exposure or symptoms or had confirmed 
infection by rRT-PCR, we were able to investigate these 
variables, identify factors associated with seropositivity, 
and predict it. Exposure to SARS-CoV-2 infection 
was positively associated with higher seropositivity, 
even if the exposure happened more than 6 months 
ago. This can be explained by the fact that exposure to 
SARS-CoV-2 increases the chances of our contracting 
SARS-CoV-2 infections and subsequently developing 
an immune response. Many previous studies have 
expressed similar observations.12,19,28,29 Strikingly, 

the development of any symptoms of SARS-CoV-2 
after exposure was the determining factor for higher 
seropositivity. Participants who did not develop 
symptoms after exposure to SARS-CoV-2 had similar 
seroprevalence as non-exposed participants. Many 
factors could have contributed to this, including the type 
of exposure, duration of exposure, presence of personal 
protective equipment, or weak immune response in 
the asymptomatic group. A recent study found no 
significant difference in terms of Th1 and Th2 cytokine 
levels between the MERS-CoV asymptomatic group 
and the control group.36 Nonetheless, this interesting 
finding could mean that the individuals who did not 
develop symptoms after SARS-CoV-2 exposure were 
not infected or had lost SARS-CoV-2 IgG quickly. 

In participants who had SARS-CoV-2 infection, 
being symptomatic resulted in significant seropositivity. 
This is likely because infected individuals who develop 
an infection do mount a more robust immune system.27 
Multiple studies have shown that asymptomatic 
individuals lose their SARS-CoV-2 IgG quicker 
than symptomatic ones do.19,37,38 Furthermore, the 
SARS-CoV-2 IgG response increases with an increase 
in the severity score of the disease.39-41 Although we saw 
that the percentages and the mean value of SARS-CoV-2 
IgG followed a logical pattern of initial increase after 
one month of infection and then a slow decline over 
6 months, it was not statistically significant—likely 
due to the small sample size. SARS-CoV-2 infected 
individuals lose their SARS-CoV-2 IgG over time. This 
phenomenon has been observed with SARS-CoV-2 
and other beta-coronaviruses.16,18,42 For instance, a 
followed-up study involving 9 HCWs who survived 
MERS-CoV infection showed that 5 patients developed 
a MERS-CoV-IgG antibody within 3 months. 
However, after 15 months, the IgG antibodies were 
detected in only 2 patients.20 Another study in which 23 
survivors of SARS-CoV infection were followed up for 
serologic testing for up to 6 years post-infection found 
a decline in SARS-CoV-IgG antibodies in all patients 
from the first month post-infection; these antibodies 
reached undetectable levels 4.5 years post-infection 
in 21 patients.43 Thus, it appears that the nature of 
infection with all beta-coronaviruses is marked by the 
induction of relatively weak and short-lived humoral 
immunity. This likely explains why almost half of our 
SARS-CoV-2 infected participants lost or did not have 
SARS-CoV-2 IgG. 

Looking at the participants who reported a symptom 
compatible with SARS-CoV-2 infection, regardless of 
whether they had an rRT-PCR-confirmed infection 
or not, we found that having any symptoms of fever, 
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cough, SOB, anosmia, diarrhea, or headache was 
associated with higher seropositivity. However, when 
we employed a logistical regression model, only cough 
and anosmia significantly predicted seropositivity. 
Anosmia has explicitly and strongly been associated 
with SARS-CoV-2 infection. Some reports have found 
similar results.44-47

Study limitaions. Our study limited by multiple 
factors, including a single center study which not 
representative of the general population; the study 
lacked participants belonging to the older population 
(>65 years) and had skewed male representation and 
low rate of participation from non-citizen residents. 
Another limitation is that SARS-CoV-2 IgG was 
carried out in one-time point and might not reflect the 
true immunity to SARS-CoV-2. Finally, the response 
to the questionnaire likely is affected by participants’ 
recall bias. Our study finding highlights the need for 
larger multiple center studies, longitudinal studies and 
follow-up studies to establish the disease extent clearly. 
Our study filled an important gap in our knowledge 
on the extent of the pandemic just before the vaccine 
started. It also adds an interesting finding that being 
asymptomatic after SARS-COV-2 exposure is not 
associated with increased seropositivity.

In conclusion, the seroprevalence we found is way 
below the required prevalence for herd immunity, which 
is 70-80%.48 This indicates that society is still susceptible 
to this virus and that strict controlling measures have to 
be followed until we vaccinate enough people. Our study 
will encourage the local health authority to aggressively 
secure the SARS-COV-2 vaccine as it is the only safe 
and feasible option for containing this pandemic. 
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