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ARTICLE INFO ABSTRACT

Keywords: The evolution of the COVID-19 pandemic in Jordan during the first 10 months of the epidemic was peculiar and

Jordan can be easily categorized in three different phases: a first period featuring a very low number of reported cases, a

(S:er(fﬂri;alence second period with exponential growth from August with up to 8000 cases on the 18th November 2020, and a
ovid-

third phase with steady and progressive decline of the epidemiological curve. With the aim of better determine
the entity of the population exposed to SARS-CoV-2, the Jordan Ministry of Health with the support of the WHO
launched three rounds of the nationwide sero-prevalence survey. Using population proportionate to size (PPS)
methodology, around 5000 individuals were selected from all Jordan governorates. Blood samples were collected
from all participants and ELISA assays for total IgM, IgG antibodies to COVID-19 were used for testing at the
National Public Health Laboratory. Results revealed that seroprevalence dramatically increased over time, with
only a tiny fraction of seropositive individuals in August (0.3%), to increase up to more than 20-fold in October
(7.0%) and to reach one-third of the overall population exposed by the end of 2020 (34.2%). While non age-
specific trends were detected in infection rates across different age categories, in all three rounds of the sero-
prevalence study two out of three positive participants did not report any sign and/or symptom compatible with
COVID-19. The serial cross-sectional surveys experience in Jordan allowed to gain additional insights of the
epidemic over time in combination with context-specific aspects like adherence to public health and social
measures (PHSM). On the other hand, such findings would be helpful for planning of public health mitigation
measures like vaccinations and tailored restriction policies.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was
first reported in China in December 2019 and rapidly spread throughout
the world [1]. While global estimates rely on notifications of symp-
tomatic cases of respective illness related to COVID-19, the actual
infection rates in the community is not accurately reflected due to the
large majority of infected individuals being pauci-symptomatic or
asymptomatic.

With almost 300,000 confirmed cases and 4000 deaths by the very
beginning of January 2021, Jordan represented about 6.0% of the total
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confirmed cases and 3.0% of the total number of deaths in the WHO
Eastern Mediterranean Region (EMR), which in turn included 7.0% of
the total cases globally reported. Over the same period, Jordan also
ranked sixth among the most hit countries in EMR, following Iran, Iraq,
Pakistan, Morocco and the Kingdom of Saudi Arabia [2].

To note how countries in EMR have a historical unique vulnerability
to emerging infectious diseases. Specifically, the peculiar geographical
location, which falls under various global migratory bird flight paths,
and the annual mass gatherings during Islamic pilgrimage, Hajj, have
led to the rise and rapid transmission of diseases with zoonotic origins
like Avian Influenza A, pandemic HIN1/2009 virus, and MERS-CoV)
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[3].

The evolution of the COVID-19 transmission in Jordan during the
first 10 months of the pandemic can be uniquely categorized according
to the three different phases of public health measures implemented in
the country (Fig. 1): a) a first phase since last week of February 2020,
where the government applied strict control measures, including
comprehensive lockdown and full closure of all borders, thus flattening
the epidemiological curve and prolonging sporadic transmission [4]; b)
a second phase features progressive easing of restrictions with an
exponential increase of cases up to 8000 particularly on a single day
during November 2020, placing Jordan in the list of countries that had
highest number of cases in the world, and; c) a third phase that showed a
steady and progressive decline of the epidemiological curve with an
average of 2000 cases per day over the last week of December 2020 [5].

The above-mentioned phases were captured through the epidemio-
logical surveillance of severe symptomatic confirmed COVID-19 cases
and might hide additional peculiar features of the pandemic in Jordan. It
is crucial to recognize an infected person at an early stage to cut the
transmission of COVID-19, although in reality they do not often require
medication attention or contribute to rapid spread of the infection. But it
is not sufficient to rely only on confirmed cases of COVID-19 cases
detected by polymerase chain reaction (PCR) for control measures, as
these tests often rule out asymptomatic and pre-symptomatic cases [6].
In order to overcome this challenge, A quantitative, population-based
sero-epidemiological survey can better determine the entity of the
population exposed to SARS-CoV-2 by revealing the proportion of the
population with antibodies against the virus, to generate data on im-
munity status of population and to implement containment measures
accordingly.

While most of the previous serological surveys of SARS-CoV-2 relied
on small or non-random sampling of study participants (e.g. focusing on
health-care workers or blood donors) [7-10], only few have been con-
ducted on national-scale and with precise estimates of seroprevalence by
age group in the general population [11,12].

In collaboration with the World Health Organization, the Jordan
Ministry of Health launched three rounds of nationwide, population-
based studies to quantify the extent of SARS-CoV-2 circulation in rela-
tion to the different phases of the transmission throughout the country.
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2. Methods
2.1. Unity studies

The serological surveys for SARS-CoV-2 were conducted as a part of
global WHO Unity Studies initiative to understand multiple unknown
characteristics related to the COVID-19 pandemic; specifically, these
studies aimed to rapidly gather data and define disease epidemiological
pattern and guide control measures by ascertaining the cumulative
population immunity.

Three independent repeated cross-sectional population-based studies
were carried out during the months of August 2020, October 2020, and
January 2021, with each survey lasting one month of field
implementation.

2.2. Study population and sample size

Population in three regions of Jordan (North, middle, and South) and
each region is composed of 4 governorates (Table 1). All governorates
were included in the study and the study population was assigned using

Table 1
Categorization of Jordan across the three Regions and relative Governorates
with sampling proportional to size.

Region  Governorate % First Second Third
population Survey Survey Survey
North Irbid 18.6 831 831 910
Ajloon 1.8 80 80 88
Jarash 2.5 112 112 122
Mafrak 5.8 259 259 284
Middle Amman 42 1877 1877 2056
Zarka 14.3 639 639 700
Balka 5.2 232 232 255
Madaba 2 89 89 100
South Karak 3.3 147 147 165
Tafilla 1 45 45 50
Ma’an 1.5 67 67 75
Agaba 2 89 89 90
Total 100 4469 4469 4895
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Fig. 1. Weekly total COVID-19 reported cases during the first 10 months of the epidemic in Jordan, proportion of participants positive to IgM/IgG for SARS-CoV-2

and cumulative number of COVID-19 reported cases in three different time-periods.
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population proportionate to size (PPS) of areas.

Based on estimated prevalence of 3.0% with an acceptable margin of
error 0.5% (95.0% confidence level), the final sample size consisted of
4469 persons from 812 household. A household was defined as a group
of people (two or more) living in the same residence or as two or more
people living together in a domestic residence.

2.3. Data collection and selection criteria

Ten field teams were deployed with each team including one
epidemiologist, one data collector or public health inspector, and one
laboratory technician. The study was be based on field home visits to
collect data and specimens.

All persons living in the household were invited to participate in the
study, including children to ensure the calculation of age-specific attack
rates. Multiple time periods of field visits were conducted to ensure the
inclusion of working individuals.

Exclusion criteria included the selection of household with less than
2 members willing to participate in the study, refusal to provide
informed consent and/or contraindication to venipuncture, residential
institutions such as boarding schools, dormitories, hostels and prisons
were excluded. Suspected, confirmed acute and prior COVID-19 infec-
tion were not excluded from participation in the study.

In each household, participants were questioned to fill questionnaire
on demographic information and information on comorbidities. Ques-
tions also included on the history of confirmed diagnosis of COVID-19
infection and household contacts with persons with confirmed COVID-
19, COVID-19 related symptoms a month before the survey.

2.4. Blood sample and processing

Blood samples were collected from all individuals who participated
in the study and 2 ml of venous blood (2 ml from the younger partici-
pants) was collected from participants by trained laboratory technicians
or a trained nurse in a sterile tube with gel; for each biological sample
collected, a list with the time of collection, the conditions for trans-
portation and the time of arrival at the study laboratory were recorded.
Specimens reached the laboratory within 12 h except those from the
southern areas, which reached the laboratory within 72 h.

Serum samples were transported at 4.0 °C except those from those
from the southern areas, which were separated from whole blood prior
to sending to laboratory frozen at —20 °C. They were subsequently ali-
quoted and frozen at —80 °C until testing after 10-14 days of collection
at the National Public Health Laboratory. Wantai / ELISA assays for total
IgM, IgG antibodies to COVID-19 were used for testing at the National
Public Health Laboratory.

All procedures involving sample manipulation were carried out in a
biosafety cabinet (BSC) at least level 2 (BSL-2). Personals and re-
searchers involved in the sample collection and transportation of spec-
imens were trained for safe handling practices and spill decontamination
procedures, including use of PPE.

2.5. Ethical considerations

The study protocol was submitted and approved by the Jordan
Ministry of Health Institutional Review Board (IRB). A written informed
consent was signed by the household participants prior to participation
in the study. Similar consent for children under the legal age of consent
was obtained from a parent or legal guardian.

The purpose of the investigation was explained to all participants
and were informed on the benefit of participation as collected data will
help to improve and guide efforts to understand extent of COVID-19
virus infection and may prevent further transmission of the virus.

Participant confidentiality was maintained throughout the investi-
gation. All participants were assigned a study identification number by
the investigation team for the labelling of questionnaires and specimens.

One Health 13 (2021) 100292

The link of this identification number to individuals was maintained by
the investigation team and the Ministry of Health and was not disclosed
elsewhere.

2.6. Statistical analysis

Statistical analysis was conducted using the software STATA v13.1
SE (StataCorp LP, College Station, Texas, USA) [13]. We conducted a
descriptive statistical analysis by measuring counts and percentage of
individuals testing positive for the IgG against SARS-CoV-2 in all the
Jordan areas under study separately for the first, second and third
round. Distribution of positivity was also stratified by age group and
gender. Additionally, number of individuals with serologic evidence of
SARS-CoV-2 was tabulated according to the reporting of signs and/or
symptoms attributable to COVID-19 since the onset of the epidemic in
Jordan.

3. Results
3.1. First round of sero-epidemiological study

During the month of August 2020, a total of 1222 households were
visited and 1007 met the inclusion criteria, with a mean household
participant of 4 individuals and a total of 4704 tested individuals (87.2%
participation rate). The Mean age of study population was 29 years old
with female representing 56.5% (n = 2647) of the total sample (n =
4681), which included 13 COVID-19 PCR-positive cases. The overall
prevalence was 0.3% while in the same period around 1500 cumulative
cases were reported at national level (Fig. 1). The highest proportion of
participants with positivity to antibodies was in Jarash governorate
(0.9%), in the age group 60-64 (0.8%) and among females (0.3%).
While female prevalence (0.3%) was slightly higher than males one
(0.2%), asymptomatic individuals showed more than five times sero-
positivity of symptomatic participants (Table 2).

3.2. Second round of sero-epidemiological study

The second round of the seroprevalence survey conducted in the
same geographical areas during October 2020 comprised a total of 1043
screened household with 5470 out of 6457 individuals participating in
the study (84.0% response rate) and with an average of 5 screened in-
dividuals per household. The Mean age of study population was 32 while
54% (2954) of screened individuals were females. This second survey
revealed a 7.0% overall prevalence in a time-period when around
35,000 cumulative cases were reported at national level (Fig. 1). Almost
10.0% was the proportion among the 15-19 years old age group and
slightly more than 35.0% prevalence in the Ma’an governorate. Also,
female individuals showed higher positivity when compared to male
counterpart (8.1% versus 5.5%). Asymptomatic individuals accounted
for as much as double the prevalence of symptomatic participants to the
study (4.7% versus 2.3%) (Table 2).

3.3. Third round of sero-epidemiological study

The third round of the seroprevalence survey was conducted in the
same geographical areas from 27th December 2020 through 6th January
2021 when about 300,000 cumulative cases were reported at national
level. It comprised a total of 840 screened household with 6120 in-
dividuals. Out of the total eligible individuals, 5044 participate in the
study with response rate of 82%, and with an average number of 6
screened individuals per household.

The mean age of study population was 32 and slightly higher rep-
resentation of women were present in line with the previous two rounds
(Table 2). The overall prevalence of SARS-CoV-2 antibodies reached
34.2% over the third round conducted at the beginning of 2021 (Fig. 1).
More than half of participants in Ma’an Governorate revealed positivity
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Table 2
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Total number of positive tests for SARS-CoV-2 IgM/IgG with relative percentage and 95% Confidence Interval by round of survey as well as by Governorate, age-group,

gender and presence of symptoms.

First survey

Second survey

Third survey

Area Positive tests Percentage (95% CI) Positive tests Percentage (95% CI) Positive tests Percentage (95% CI)
Amman 6 0.3 (0.2-0.4) 168 8.2 (7.9-8.4) 817 38.0 (37.5-38.5)
Ajloon 0 0 1 1.2 (1.1-1.3) 42 41.2 (40.6-41.8)
Agaba 0 0 4 4.5 (4.3-4.7) 38 36.5 (36.1-36.9)
Balka 2 0.8 (0.6-0.9) 32 8.4 (8.2-8.6) 69 27.1 (26.7-27.5)
Irbid 4 0.4 (0.3-0.5) 18 2.1 (1.9-2.2) 342 35.4 (35.0-35.9)
Jarash 1 0.9 (0.7-1.1) 3 3.2(3.0-3.3) 42 28.6 (28.2-29.0)
Karak 0 0 27 17.3 (17.0-17.5) 80 45.7 (45.1-46.3)
Ma’an 0 0 20 35.1 (34.7-35.4) 32 53.3 (52.5-54.1)
Madaba 0 0 0 0.0 21 18.6 (18.4-18.9)
Mafraq 0 0 6 2.1(1.9-2.2) 49 17.2 (16.9-17.4)
Tafila 0 0 0 0.0 24 44.4 (44.0-44.9)
Zarqa 0 0 69 8.6 (8.4-8.8) 167 26.3 (25.9-26.6)
Age-group

<5 0.0 13 5.2 (5.0-5.4) 32 29.1 (28.8-29.3)
5-9 2 0.4 (0.3-0.5) 34 8.8 (8.5-9.0) 126 38.0 (37.6-38.3)
10-14 0.0 41 6.9 (6.7-7.1) 179 36.3 (36.0-36.6)
15-19 1 0.2 (0.1-0.3) 42 9.6 (9.4-9.9) 201 36.5 (36.1-36.9)
20-29 2 0.4 (0.3-0.5) 50 7.1 (6.9-7.3) 283 31.4 (31.3-31.7)
30-59 6 0.4 (0.3-0.5) 152 6.7 (6.6-6.8) 740 34.8 (34.3-35.2)
60-64 2 0.8 (0.7-1.0) 7 4.5 (4.4-4.6) 91 39.1 (38.6-39.6)
65+ 0.0 9 4.4 (4.3-4.5) 71 30.0 (29.5-30.4)
Gender

Male 5 0.2 (0.1-0.3) 121 5.5 (5.4-5.7) 723 31.9 (31.6-32.5)
Female 8 0.3 (0.2-0.4) 227 8.1(7.9-8.3) 1000 37.5(37.1-38.0)
Infection type

Symptomatic 2 0.1 (0.1-0.2) 114 2.3(2.2-2.4) 652 45.1 (44.6-45.7)
Asymptomatic 11 0.2 (0.1-0.2) 234 4.7 (4.6-4.8) 1071 29.8 (29.4-30.2)
Total 13 0.3 (0.2-0.4) 348 7.0 (6.8-7.2) 1723 34.2 (33.8-34.6)

and the age groups 5-9 and 60-64 years old as well as the “female”
category reached almost 40.0%. Contrary to the previous two surveys,
many more participants who showed antibodies in the 2020/21 study
showed also at least one symptom compatible with COVID-19 (Table 2).

4. Discussion

This study used three series of cross-sectional surveys to interpret the
seroprevalence to SARS-CoV-2 in Jordan, from the early phase of the
pandemic to the late 2020 post-peak phase. Seroprevalence dramatically
increased over time, with only a tiny fraction of seropositive individuals
in August, to increase up to more than 20-fold in October and to reach
one-third of the overall population exposed by the end of 2020/begin-
ning of 2021.

Such a trend is an accurate reflection of the evolution of the trans-
mission also in line with government policies and public behaviors: the
first case of COVID-19 in Jordan was reported on the 2 March 2020, and
the government closed the country’s borders on 15 March 2020, in
addition to suspending schools, banning public gatherings, and issuing a
comprehensive lockdown with implementation of curfew. By mid-
August, the COVID-19 transmission in Jordan elevated, with the
recording of 20-30 cases per day and toward the end of August, the daily
cases were 30-40. This quickly escalated to several hundred and then to
several thousand cases a day, in the following months, most likely due to
a lack of public compliance with recommendations [14].

Findings from the three phases of sero prevalence survey conducted
in different time-periods revealed the importance of testing capacity and
testing strategy in Jordan overtime. According to the results of the first
survey, considering the Jordan population of around 10 million, around
30,000 individuals were exposed to SARS-CoV-2 in August; this repre-
sents around 20 times more than the officially reported 1500 cases re-
ported though the national surveillance. The same proportion can be
derived when considering results of the second survey in October, which
was around 35,000 cases officially reported, while around 700,000 cases

might have already been exposed. Interestingly, such a ratio halved at
the end of 2020 when around 300,000 cumulative cases were reported
by the Ministry of Health Surveillance Department and the third round
of the seroprevalence study indicated that slightly more than 3,000,000
cases resulted positive for IgM/IgG against the SARS-CoV-2.

To note that the Jordan Government invested importantly on testing
over time, from less than 15,000 tests per day in August 2020 to up to
30,000 tests per day during the second half of October and during
November when Jordan was hardly hit by a first big wave that reached
the peak on the 18 November with almost 8000 cases. Concurrently, the
national testing strategy was re-directed during the third quarter of 2020
to reduce random sampling and target more specifically symptomatic
individuals. Finally, we cannot underestimate the role of awareness and
care-seeking behavior, which might have increased due to risk
communication and community engagement campaigns as well as to the
perceived burden due to COVID-19 within the society.

The higher proportion of individuals with antibodies against SARS-
CoV-2 during the second and the third round in the Governorate of
Ma’an is most likely due to the fact that in both surveys the collection of
specimens in this area was left to the very last days of fieldwork, thus
allowing for more people to get exposed when compared to other Gov-
ernorates where collections was conducted up to three/four weeks
earlier.

The increase in seroprevalence over time, even in an area of pre-
sumed low transmission, indicates that seroprevalence studies may
serve as important tools to determine the spread of infection in pop-
ulations where a large majority of the people are asymptomatic. Moni-
toring the general population through serial serosurveys can detect
resurgence, especially when lockdown measures are eased, and enable
policy makers to devise strategies for containment of the disease [15].

The survey did not identify any age-specific trends in infection rates
across different age categories. While prevalence appeared to increase
with age less than 19 years in the second survey, the third round showed
a slightly higher prevalence among very young (38.0% in 5/9 years old)
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and elderly (39.0% in 60/64 years old). These findings are not in line
with previous reports indicating children and adolescent (0-19years)
and older people (>60years) had lower seroprevalence than the other
age groups [11,16-18]. Such results might be attributable to no
decreased social mixing in these age groups despite the studies were
conducted while schools were closed for months and recommendations
to protects the elderly were widespread.

On the other hand, prevalence held constantly higher among females
with 0.3%, 8.1% and 37.0% compared to 0.2%, 5.5% and 31.0% in
respectively the first, second and third surveys. This is in contrast with
other studies where seroprevalence was higher in males than in the fe-
male population [19,20]. However, a report around Wuhan city and
other places in China revealed that females had greater odds of being
IgG positive than males (0.91% and 0.60%, respectively; Xz =17.01, P
< 10™%), suggesting that females have higher levels of activation of
immune cells, leading to higher levels of antibodies against SARS-CoV-2
produced in females than in males [21,22].

As far as symptoms are concerned, in all three rounds of the sero-
prevalence study two out of three positive participants did not report
any sign and/or symptom compatible with COVID-19. This is consistent
with a previous similar report conducted in Pakistan where only three of
10 reported any respiratory symptoms, with or without fever [13]. In
contrast to these findings, the proportion of asymptomatic infections
was reported to be much lower (27.7%, 95% CI 16.4-42.7%) in a meta-
analysis [23].

Our study adopted a strong methodology recommended by the
World Health Organization, and a strong aspect is also represented by
the fact that the Wantai/ELISA assays used to process the specimens
reported very high specificity, which is needed especially early in the
pandemic or in areas with low transmission in order to accurately
measure the seroprevalence.

However, various limitations need to be highlighted. Participation
rates to all rounds were below 90% and ranged from slightly more than
87% during the first survey to 82% over the last one. This indicates some
sort of volunteer bias, which could have affected the final estimates in
either direction. Estimates of seroprevalence will tend to be high if in-
dividuals are more likely to accept testing because they think they have
been exposed to SARS-CoV-2. On the other hand, a downward bias will
occur if exposed individuals avoid testing because they do not want a
positive test result [24]. It is also important to note how sensitivity is
often lower for individuals with lower antibody titers. Therefore rates of
false negatives are expected to be higher among younger individuals
[25,26], or individuals with less severe disease [27,28], such as in-
dividuals who were recently infected and have not yet mounted an
antibody response [29]. Another relevant item to consider is related to
the low sensitivity for individuals who were infected long before testing
(as antibody titers wane over the weeks and months after infection): this
represents an important issue when using seropositivity as a proxy for
the cumulative incidence of infection in a population [24].

In conclusion, the three rounds of the nation-wide seroepidemio-
logical survey in Jordan showed an exponential growth of the in-
dividuals exposed to the SARS-CoV-2 along the different phases of the
epidemic. The latest round of the three surveys revealed the potential
impact of the devastating epidemic wave that took place between
October and November, and that led to around one out of three in-
dividuals living in Jordan to be exposed to the coronavirus. We believe
that the serial cross-sectional surveys experience at national level has a
two-fold fruitful finalities: it allows to gain additional insights of the
epidemic over time in combination with context-specific aspects like
adherence to public health and social measures (PHSM), and allows for
planning of public health mitigation measures like vaccinations and
tailored restriction policies.

The seroprevalence survey three-round experience is another
reminder of the potential zoonotic disease’s role in public health as well
as of the existing limitations for detecting and preventing the emergence
of a Public Health Emergency of International Concern (PHEIC) through
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real-time surveillance. To this end, Jordan has been greatly investing on
multi-sectoral planning (human, animal, and environmental health
sectors), communication, and collaboration between humans, animals,
and the environment sectors to advance the One Health approach.
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