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Abstract
Coronavirus Disease “COVID-19” is a new human pandemic disease has spreaded worldwide since late of 2019. SARS-

CoV-2, the causative agent of COVID-19, is an emerging human coronavirus that has infected more than 572 million people around 
the world and caused more than 6.3 million deaths by July 2022. Seroprevalence study is an important tool to assess the level of 
social immunity within a target population. A total of 937 blood samples were collected from the employees of the Royal Scientific 
Society of Jordan in the period between January 10th and February 4th, 2021. Serum samples were harvested from the blood 
samples and preserved in appropriate conditions. Enzyme Linked-Immunosorbent Assay “ELISA” technique was used to detect the 
COVID-19 IgG antibodies in the serum samples. Demographical data and medical history data were collected from all participants 
to subsequently interpret the results. Out of 937, 243 (25.93%) were tested seropositive for the COVID-19 specific IgG antibodies. 
Surprisingly, 121 out of those tested seropositive (49.79%) were not previously tested positive for COVID-19 causative agent via 
PCR test. On the other hand, 26 individuals who tested positive via PCR test for COVID-19, were tested seronegative for COVID-19 
specific IgG antibodies (2.77%). The results of this study revealed the significant number of undiscovered COVID-19 cases within 
a specific community. The study also showed the importance of conducting seroprevalence studies on national-scale in Jordan; as 
such studies will give a clear assessment on the Jordanian population immunity against COVID-19. In addition to help in sustaining 
work in many sectors in the country.

Keywords: Antibodies; COVID-19; ELISA; Jordan; 
Seroprevalence

Introduction
In December 2019, a novel human coronavirus was detected 

in people who had visited a seafood market in Wuhan, China 
[1,2]. The virus belongs to the Beta coronaviruses genus, which 
originates in animals and infects people, and it is extremely 

similar to the SARS-CoV virus that caused an outbreak in 2002-
2003 [3,4]. SARS-CoV-2, as currently known, causes coronavirus 
disease (COVID-19) and was declared as a pan-demic in March 
2020 [5]. More than 572 million COVID-19 cases worldwide have 
been reported to WHO to date (July 2022), with over 6.3 million 
deaths [6]. Jordan reported the first verified COVID-19 case on 2 
March 2020, to a man at middle age who recently came from Italy 
[7]. After one year of reporting the first COVID-19 case in Jordan, 
the country was rated one of the highest countries for reporting 
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daily COVID-19 cases in comparison to the number of populations 
in March 2021 [8]. Heretofore, Jordan has reported more than 1.7 
million cases and more than 14 thousand deaths [9]. Since late 
2020, when Pfizer Company announced about its mRNA vaccine 
[10], several vaccine candidates have successfully passed clinical 
phase trials. WHO issued seven COVID-19 vaccines that were 
approved for Emergency Use Listing until November 2021 [11]. 
Pfizer/BioNTech, Sputnik V, Oxford/AstraZeneca, and Sinopharm 
are the only COVID-19 vaccines that Jordan has approved for 
citizens [12,13]. On January 13th 2021, Jordan launched a national 
immunization campaign against COVID-19 targeting adults over 
the age of 60 years and front-line healthcare workers. In the early 
stages of the campaign, many people were unwilling to obtain the 
vaccine shots. By December 2021, more than 3.7 million persons 
received two doses of COVID-19 vaccination and more than 
4 million Jordanians had received at least the first dose [9], out 
of 10.8 million of the total population of Jordan (According to 
the Department of Statistics-Jordan 2020). It is still unclear how 
exactly the immune system reacts to the SARS-CoV-2 infection. 
COVID-19 patients’ specific and neutralizing anti-bodies can be 
detectable as early as a few days post-infection. In some cases, 
however, antibodies were not detected until three to four weeks 
after the onset of symptoms [10-12]. The main immunogenic 
parts of the SARS-CoV-2 are the Nucleocapsid protein and the 
Spike glycoprotein, which induce the immune system to elicit the 
protective neutralizing antibodies [13,14]. Spike protein is also a key 
target for developing effective vaccines against SARS-CoV-2 [15], 
as it is responsible for attaching to the host receptor “Angiotensin-
Converting Enzyme 2” for recognition and facilitating viral 
entrance into the host cell [16]. The presence of undiscovered 
COVID-19 cases in the population may cause confusion among 
health officials; on one hand, they may be infectious and capable of 
transmitting the virus to healthy people [17,18]. On the other hand, 
detection and measuring the COVID-19 antibodies in the blood will 
be useful for optimizing the immune status, and will support the 
immunization campaigns to be more effective and the vaccine doses 
administered on adequate time [19-21]. As a result, monitoring 
antibody seropositivity for immunoglobulin G (IgG) and other 
immunoglobulins will reveal the percentage of previously infected 
people as well as the level of societal immunity [16,22]. Enzyme-
Linked Immunosorbent Assay (ELISA) is a serological test used to 
identify and/or quantify numerous compounds in serum samples, 
including antibodies [23, 24]. It is determined by the antigen-
antibody complex’s development. By measuring the absorbance 
of a color spectrum generated by a chromogen, the attachment 
of labelled antibodies to the target material will be observed. 
The amount of targeted material in the samples is reflected in the 
measured absorbance. The ELISA technique was been utilized to 
detect and quantify specific COVID-19 IgG antibodies in human 
serum samples in this study. This epidemiology study aimed to 

investigate the prevalence of IgG antibodies to SARS-CoV-2 
among the employees of the Royal Scientific Society (RSS) and 
the whole campus, as a marker of past infections. The RSS is 
one of Jordan’s and the Middle East’s largest applied research 
institutions. Employees in this scientific community were at high 
risk to be infected with COVID-19. From the start of the pandemic, 
RSS followed the Ministry of Health’s general health and safety 
precautions and the decision stemming from the law of defense 
to protect its personnel and the general public. RSS also played 
a key part in Jordan’s fight against COVID-19, deploying their 
specialist laboratories in a variety of sectors to keep work going 
and lessen the effects of quarantine. Hence, finding prior infected 
persons in this community using COVID-19 specific IgG antibody 
testing was assisting in determining the level of immunization of 
employees against this virus in this institution. This research study 
was carried out during the pandemic’s second wave, when the 
national vaccination program was still in its early stages.

Materials & Methods

Study Community

The study conducted is a cross-sectional serological testing 
study aimed to investigate seropositivity for SARS-CoV-2 among 
the employees of a scientific institution in Amman, Jordan. The 
majority of RSS employees are university graduates (Holders 
of PhD, MSc, BSc in sciences, engineering, financial, business, 
administration, etch.). The study community also included 
cleaning, maintenance and catering staff. The RSS employees 
are from different geographical areas in Jordan; mostly from the 
middle and north governorates. The variance in educational level 
and geographical distribution could affect the level of awareness 
or the degree of applying the precautionary measures among the 
community, and consequently the level of exposure to the virus. 
Moreover, social distancing and the number of active cases may 
also vary from one community to another.

Collection of Blood Samples

Drawing of blood samples was carried out in the medical 
center of Princess Sumaya University for Technology (Amman-
Jordan). A medical doctor and well-trained nurses were 
commissioned to collect the blood samples. Employees have been 
contacted over phone to attend at specific time in order to organize 
the blood drawing without any crowdedness. A consent form 
was obtained from all employees before blood sampling, and the 
participants were well informed about the study goals. In addition, 
all participants were informed about the results of analysis through 
text messages over their mobile phones.

Samples were collected using venipuncture attached to 
a red-cap blood tubes. Up to 5 mL of blood was collected from 
each participant in order to obtain enough amount of serum. All 
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precautionary safety measures were followed according to the 
instructions of the local health authorities to control COVID-19 
infection and decrease the possibility of transmission; Personal 
Protective Equipment “PPE” were available all the time, social 
distancing, periodical disinfecting to the hands and the area of 
blood sampling. Besides, all employees with disease clinical signs 
or history of close contact with COVID-19 patients were excluded 
from the study.

Processing of Blood Samples

All samples were processed at the laboratories of RSS 
Biosafety and Biosecurity Centre. To avoid the introduction of any 
analytical bias due to sample preparation, all samples were kept 
at room temperature to clot for 30 to 60 minutes. Blood samples 
were centrifuged for 5 minutes (4000 ×g, 25°C) within three hours 
after blood collection; this step is essential to separate the serum 
from the clotted blood. Serum samples were harvested to a sterile 
collection tubes and left at -20°C until subsequent analyses [25].

Qualitative ELISA Assay

Presence or absence of the human anti-COVID-19 IgG 
antibody in the collected serum samples was tested using 
EDITM Novel Coronavirus COVID-19 IgG ELISA kit (Epitope 
Diagnostics, Inc. CA, USA) according to the manufacturer’s 
instructions. Briefly, each serum sample was diluted 1:100 with 
the sample diluent then loaded to the coated 96-well plate along 
with the positive and negative controls. The plate was covered and 
incubated at room temperature for 30 minutes. After aspirating 
the content and washing steps, the HRP labeled Anti-hIgG 
Tracer Antibody was added to each well and incubated at room 
temperature for 30 minutes. Other washing steps were applied, and 
then the HRP substrate was added, followed by incubation for 20 
minutes at room temperature. After this step, the color of positive 
samples started turn to the blue color. Stop solution was applied 
immediately to the wells, which let the wells turn to yellow color. 
The absorbance was read at 450 nm, within 10 minutes of adding 
the stop solution, using Thermo Scientific™ Multiskan™ GO 
Microplate Spectrophotometer (Thermo Fisher Scientific, MA, 
USA). The absorbance reads were exported to an excel sheet to 
calculate the positive and negative cut off points for each run. Any 
sample with absorbance higher than the positive cut off point was 
considered positive for the presence of human anti-COVID-19 
IgG antibody.

Quantitative ELISA Assay

All serum samples revealed positive for the presence of 
human anti-COVID-19 IgG antibody in the qualitative assay, were 

subjected to quantitative ELISA assay. This was done to quantify 
the level of human SARS-CoV-2 Ig total using Human SARS-
CoV-2 Spike (trimer) Ig Total ELISA kit (Invitrogen, Thermo 
Fisher Scientific, MA, USA) according to the manufacturer’s 
instructions. Briefly, samples were diluted to 1:75,000 before 
loading them to the coated wells. Seven standards were loaded 
to the wells with concentrations from 62.5 to 4000 units/mL, in 
order to create the standard curve and calculate the antibodies 
concentration in the samples. The steps of the assay were carried 
out according to the kit’s manual. The absorbance was measured 
at 450 nm using Thermo Scientific™ Multiskan™ GO Microplate 
Spectrophotometer (Thermo Fisher Scientific, MA, USA). The 
reads were exported to excel sheet to create the standard curve 
and calculate the level of human SARS-CoV-2 Ig total using the 
generated equation.

Statistical Analysis

The SPSS and OpenEpi softwares were used to statistically 
analyze the study’s data. The effect of these variables on the 
seroprevalence of COVID-19 Antibodies was examined using 
the Chi-square test and the One-Way ANOVA test for categorical 
variables (gender and age) [26]. The population’s unequal 
distribution across gender and age categories is a shortcoming 
of the statistical analysis used in this study. Since this was a 
cross-sectional study with a specific demographic in mind, the 
researchers could not control the distribution of participants in 
each group.

Patient and Public Involvement

The patient involvement was indirect. The results of both 
qualitative and quantitative ELISA assays were disseminated to 
the patients via text messages reached to their phones or verbally. 
There was no public involvement in this study.

Results

Survey Components

Blood samples were collected between January 1st and 
February 4th, 2021 from 937 individuals. The distribution of the 
timing of the blood draws is shown in Figure (1). Participants 
were interviewed by trained interviewers using a questionnaire 
that collected information on demographics, social determinants 
of health, underlying comorbidities or allergies, whether they are 
taking any kind of drugs, history of COVID-19 PCR test, history 
of COVID-19 related symptoms during the previous months, and 
presence of COVID-19 confirmed cases among family, friends, or 
coworkers.
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Figure 1: Distribution of the timing of the blood draws between January 1st and February 4th, 2021.

The percentage of participated women in the survey was lower than that for men (31% and 69%, respectively). There is no 
significant difference in the aspect of prevalence of COVID-19 specific antibodies be-tween the two genders (P > 0.05) (Results not 
shown) 17.3 % for men, and 8.95% for women. The employees were classified to four groups according to their ages. The majority of 
employees were within the age group (15-47 years) as shown in Table (1). The majority of seropositive samples were located within age 
group 15-47 (young) (P < 0.05). The seroprevalence between age groups were significantly different (P < 0.05) even the size of groups 
was not evenly distributed.

Table 1: Age distribution of the 937 participants from RSS.

Age Group (Year) Total Number % Positive Ab Positive (%)

Pediatrics (≤ 14) 0 NA 0 NA

Young (15-47) 647 69% 175 72%

Middle-aged (48-64) 277 30% 66 28%

Elderly ≥ 65 13 1% 2 <1%

Total 937 243

Results of Qualitative ELISA Assay

All serum samples were adequate for testing. Out of the 937 tested participants, 243 serum samples showed seropositivity for 
the SARS-CoV-2 IgG antibodies. Number of seropositive samples that were not diagnosed previously via PCR was 121 (49.79%) 
out of total 243 seropositive samples. In contrast, only 26 samples (2.77%) from the previously confirmed positive via PCR test were 
seronegative for COVID-19 antibodies. Interestingly, 95 (13.83%) out of 687 employees who had no history of infection with SARS-
CoV-2 and were not in close contact with COVID-19 patients have antibodies against SARS-CoV-2 as shown in Figure (2).



Citation: AL-Hmoud N, Alrwashdeh M, Abdien A, Alzghoul G, Hayek B (2023) Seroprevalence of SARS-CoV-2 Specific IgG Antibodies among a 
Scientific Community in Jordan during the Second Pandemic Wave. Infect Dis Diag Treat 7: 230. DOI: 10.29011/2577-1515.100230

5 Volume 7; Issue: 3

Infect Dis Diag Treat, an open access journal

ISSN: 2577-1515

Figure 2: Seroprevalence of IgG antibody among RSS employees without any history of COVID-19 diagnosis or COVID-19 
confirmed cases among family, friends, or coworkers.

Among the 179 individuals who reported to be in close contact with infected COVID-19 patients, 90 employees tested positive for 
SARS-CoV-2-specific antibodies (Figure 3).

Figure 3: Seroprevalence of IgG antibody among RSS employees with a history of COVID-19 confirmed cases among family, 
friends, or coworkers.

The number of individuals with underlying comorbidities, diseases affect the immune system, or allergy were 201. Out of those 201 
employees, 45 persons (22%) tested positive for SARS-CoV-2 IgG antibody, as shown in Figure (4).
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Figure 4: Seroprevalence of IgG antibody among RSS employees with a history of comorbidities, diseases affect the immune 
system, or allergy.

Five of the study’s participants received their first dose of 
COVID-19 vaccine one or two weeks before blood sampling. 
SARS-CoV-2 IgG antibodies were not found in any of the sera 
of those five individuals. According to prior research [19,20], the 
average time for IgG levels to be found in blood is 14 days after 
the first dose. This could explain why the IgG antibodies could not 
be detected in the five vaccinated participants.

Results of Quantitative ELISA Assay

All seropositive serum samples (243) were subjected to the 
quantitative ELISA assay. The SARS-CoV-2 Ig total antibodies 
titer was determined for only 133 serum samples. This might be 
due to the following reasons: The antibody titer for the majority of 
the other samples was most likely under the limit of detection for 
the kit. Besides, the samples underwent several freeze-thaw cycles 
and were highly diluted during the quantitative assay (1:75,000). 
On the other hand, the antibody titer for most serum samples was 
between 200-500 units/ml. For few samples, the antibody titer 
exceeded the 2000 units/ml. Those employees with a high titer of 
SARS-CoV-2 Ig total antibodies suffered from severe COVID-19 
disease symptoms and some of them needed a long recovery 
period. It is important to emphasize that the level of antibodies in 
blood changes over time. Therefore, the antibody titer in the tested 
serum samples reflects the level of antibodies at the time of blood 
drawing only. Taking into consideration the time between the onset 

of the infection and the time of blood drawing.

Discussion

SARS-CoV-2 infection in asymptomatic or untested 
individuals may be undetected by case-based and syndromic 
surveillance, leaving the general incidence of prior infection 
unknown. Case-based and syndromic surveillance can be 
supplemented with serological surveillance. SARS-CoV-2, the 
virus that causes coronavirus disease 2019 (COVID-19), is 
still circulating in several Jordanian communities. Despite the 
importance of case-based and syndromic surveillance in tracking 
the pandemic, these approaches rely on people being tested or 
reporting a COVID-19 like disease. An adjunctive strategy for 
estimating the prevalence of prior infection in a population is 
to use serologic testing to detect the presence of SARS-CoV-2 
antibodies.

To the best of our knowledge, this is the first SARS-CoV-2 
seroprevalence study to be conducted in a scientific community 
in Jordan. The estimated seroprevalence of SARS-CoV-2 IgG 
antibodies was (25.93%) with 243 positive cases. Among them, 
only 121 had a a PCR-confirmed case. Based on these results, 
the number of undiagnosed cases among the RSS employees was 
estimated to be significantly higher than the number of confirmed 
cases based on PCR testing.
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Moreover, this study focused only on the detection of 
SARS-CoV-2 antibodies in the target community. Antibodies 
to SARS-CoV-2 had previously been documented to diminish 
or even disappear in patients with mild COVID-19 symptoms, 
which may have contributed to the inability to detect antibodies 
in a few previously positive cases among RSS employees (26 
individuals) [27,28]. Furthermore, it is critical to understand that 
cellular immunity may play a role in SARS-CoV-2 reinfection 
immunity [29,30]. Therefore, it is important to conduct further 
research into cellular immunity. When compared to symptomatic 
persons in the early stages of recovery, earlier research have shown 
that asymptomatic individuals have a lower immune response to 
SARS-CoV-2 infection and a higher percentage of asymptomatic 
individuals become seronegative. The decrease in neutralizing 
antibody levels could have ramifications for immunity strategies 
and serological surveys [11,31].

This study was conducted on subjects without any signs 
of respiratory or viral illness at the time of blood drawing. In 
addition, the qualitative and quantitative assays were conducted 
using different ELISA kits; as the kits targeting different types 
of antibodies, and have different level of sensitivities, as well as 
different procedures of testing (e.g., dilution step and the used 
equations for analysis). This could explain the reasons for not 
being able to quantify all the positive seroprevalence samples. It 
was clearly proved that the ELISA assays could vary in the matter 
of sensitivity, specificity, target Ag or Ab, and the technique itself 
(e.g., indirect, capture, or sandwich approach) [11,32].

The findings in this study are subject to at least four 
limitations. First, this was a single-institution study, which may 
have influenced our results. Second, our statistical power was 
limited due to the small sample size. Third, because the COVID-19 
pandemic is still occurring, many of the available research 
findings that have been mentioned may be premature. Fourth, the 
IgM antibody was not tested. Even though a serum is negative 
for IgG antibodies, it may include a specific IgM antibody; the 
interpretation of these results will most likely be influenced by 
IgM quantification.

Conclusions & Recommendations

RSS has used PCR assays to test, track, and trace the 
epidemic since the beginning. In this scenario, there are few 
undetected missing cases, according to popular thinking. Despite 
this stringent strategy of detecting all positive cases regardless 
of symptoms, a considerable proportion of undiagnosed cases 
remained unidentified. The findings of this study revealed that 
there was a reasonably high frequency of personnel in RSS 
who had a positive SARS-CoV-2 antibody status. According 

to this study, the true number of RSS employees infected with 
SARS-CoV-2 far outnumbers the PCR-confirmed cases. The 
characteristics of SARS-CoV-2, particularly the high proportion 
of infected individuals who are asymptomatic or have only mild 
symptoms, and the high transmission rate, may be linked to the 
missed undiagnosed cases.

Although several seroprevalence studies have been 
undertaken in Jordan [33-35], this is the first to quantitatively 
examine antibody levels in a scientific community during the 
COVID-19 pandemic. Serial evaluation of SARS-CoV-2 IgG 
antibody status is anticipated to reveal risk variables for COVID-19 
susceptibility and disease transmission mechanisms. These findings 
should be interpreted with caution, as there is still a paucity of 
evidence about the role of antibodies present after recovery from 
COVID-19 in the development of immunity against subsequent 
infections. The emergence of several variants of concern, as well 
as the implementation of COVID-19 immunization, will have an 
impact on population immunity. As reports of a second infection 
continue to stream in, herd immunity in the context of COVID-19 
is a point of contention. This underlines the importance of 
maintaining health precautions and risk-mitigation behaviors in 
order to keep the outbreak under control.

Seroprevalence data are crucial for determining the 
pandemic’s scope and distribution, as well as predicting the 
likelihood and timing of future waves of recrudescence. It can 
also deal with public health issues including the safety of stay-at-
home orders or school closures, as well as analyses of alternative 
therapies and interventions [36].

To monitor the SARS-CoV-2 seroprevalence in Jordan and 
inform policymakers on the efficacy of their surveillance system, 
it is advised that population-based seroprevalence studies be 
conducted on a regular basis.
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