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A highly accelerating number of people around the world have been infected with novel
Coronavirus disease 2019 (COVID-19). Mass screening programs were suggested by
the World Health Organization (WHO) as an effective precautionary measure to contain
the spread of the virus. On 16 April 2020, a COVID-19 mass screening program was
initiated in Saudi Arabia in multiple phases. This study aims to analyze the number of
detected COVID-19 cases, their demographic data, and regions most affected in the
initial two phases of these mass screening programs. A retrospective cross-sectional
study was conducted among the high-risk population as part of the COVID-19 mass
screening program across all regions in Saudi Arabia during April and May 2020. A
Chi-square-test was used to determine the associations between positive cases and
various demographic variables. Out of 71,854 screened individuals, 13.50% (n = 9701)
were COVID-19 positive, of which 83.27% (n = 59,835) were males. Among positive
cases, in the 30-39 years age group, 6.36% were in the active phase, and 2.19% were
in the community phase. Based on our experience, launching mass screening programs
is crucial for early case detection, isolation, and pattern recognition for immediate
public interventions.

Keywords: COVID-19, screening, mass testing, pandemic, Saudi Arabia

INTRODUCTION

The emergence of the novel Coronavirus disease 2019 (COVID-19), which was first detected in
December 2019 in Wuhan, China, led to the infection of an accelerating number of individuals,
causing a local epidemic (1). Shortly after, COVID-19 was a global threat and declared a pandemic
by the World Health Organization (WHO) on 11 March 2020 (2). Moreover, the virus can also
spread through asymptomatic patients, thus increasing the number of infected patients with an
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estimated basic reproduction number (R0) that ranges from 2.0
to 3.5 (3, 4). Common symptoms displayed by infected patients
include fever, cough, and sore throat. COVID-19 can also
lead to serious complications, such as acute respiratory distress
syndrome (ARDS), mostly seen in patients with associated
comorbidities (5, 6). Although the diagnosis of COVID-19
depends on the epidemiological linkage and clinical presentation,
the most reliable method for virus detection is by analyzing
respiratory discharges through real-time quantitative polymerase
chain reaction (RT-qPCR) (7). Other analyses can be used,
including nucleic acid detection, computerized tomography
(CT) scan, immune identification of IgM/IgG, enzyme-linked
immunosorbent assay (ELISA), blood culture, and a reverse
transcriptase PCR (RT-PCR) point of care test, however, with less
reliability (8).

Infection with COVID-19 spreads rapidly, with an
exponentially growing number infected daily. This has prompted
governments to introduce radical measures to control the
spread of the virus. Different efforts have been made by various
countries to mass test their citizens, to detect new cases, and
to evaluate potential solutions (9). The WHO has referred to a
fair number of extensive test results, which is between 3-12% of
the total number of positive cases (10). The number of people
screened in each country has varied depending on several factors,
including demographic characteristics, resource availability, and
the precautionary measures adopted (11).

The first detected case of COVID-19 in Saudi Arabia was
reported by the Ministry of Health (MoH) on 2 March 2020.
The patient was immediately quarantined, as well as all his
traced contacts (12, 13). By the 12th of September 2020, a
total of 325,050 positive COVI-19 cases were detected, 301,836
recovered, and 4,240 cases died (14). This had led to a
very low case fatality rate of 1.3% in the country compared
with the international case fatality rate of 3.2% (15). Saudi
Arabia responded to the pandemic rapidly and imposed several
measures to reduce the spread of the infection, including
enforced partial curfew hours in multiple cities, as well as
suspending events, schools, social gatherings, Umrah, mosques
prayers, and business. At one point, a general lockdown was
enforced (16-18). In addition to these measures, a national
campaign of mass screening was initiated. In the first phase of
the campaign, both symptomatic and asymptomatic suspected
COVID-19 cases were screened with their close contacts (19).
This first phase is also known as the active screening phase
involved field teams from MoH targeting intensely populated
neighborhoods and labor residential buildings in several cities.
Although increasing the number of positive cases detected,
this phase helped to contain and locate local outbreaks areas
(20). Accordingly, escalated measures were enforced to limit the
spread of COVID-19 from these heavily infected areas; an intense
lockdown was imposed soon after.

Due to the risk of transmitting the disease from asymptomatic
individuals, a second mass screening campaign was initiated.
This second phase also known as the community screening
phase; targeted low-to-intermediate-risk groups based on their
epidemiological risk profile. Risk groups were determined with
the aid of the electronic application “Mawid” screening tool
(21). Professional health care workers (HCWs) then collected

the samples of the targeted population through scheduled
appointments in primary care centers. Given the success of these
first two phases, the third phase of the mass testing campaign
involved screening asymptomatic individuals after applying
for electronic appointments through specialized drive through
(Takkad) centers, serving more than 2 million beneficiaries from
its launch by the end of May 2020 until August 2020 and
is still ongoing as planned to continue until the pandemic is
eradicated (22).

In this study, our goal was to determine the effectiveness
of mass screening programs in Saudi Arabia in the two initial
phases by analyzing the number of detected COVID-19 cases,
their demographic data, and most regions affected.

MATERIALS AND METHODS

The present retrospective cross-sectional study was conducted
among COVID-19 screened individuals across all regions in
Saudi Arabia. Data from the first two phases of the mass screening
program, between 16 April 2020 and 19 May 2020 were included.
All screened individuals were included, and there were no
exclusion criteria.

Phase one was defined as an active screening phase performed
by the MoH HCWs to screen random individuals in dense
districts, between 16 April 2020 and 3 May 2020. Phase two was
defined as a community screening phase performed in primary
care centers between 4 May 2020 and 19 May 2020. Phase
two selected cases based on their epidemiological risk profile
through filling self-assessment electronic forms available in the
Central Appointment System (Mawid) which is an electronic
service originally provided by the MoH to enable patients to
book, cancel, or reschedule their appointments at designated
primary health care centers. These forms were based on a
scoring system with questions about recent travel, contact with
confirmed COVID-19 cases, and the presence or absence of
specific COVID-19 symptoms. The targeted population in this
phase were those with a score of 0-2 (low risk) and 3-4
(intermediate risk) as per MoH screening guidelines (Figure 1)
(21, 23).

The confirmatory detecting test in the mass screening was
performed by RT-qPCR from Nasopharyngeal swabs following
the WHO standardized protocol (24).

The Health Electronic Surveillance Network (HESN) database
contains clinical, demographic data, and regions of all screened
individuals entered by the HCWs. Positive COVID-19 results,
demographic data, and regions of all screened individuals were
retrieved from HESN and independently entered by two data
collectors into electronic sheets, in which any discrepancies were
reviewed and resolved by an assigned investigator. All steps
were taken to safeguard data confidentiality and privacy. Ethical
approval was obtained from the Institutional Review Board of the
Central Committee of the Ministry of Health, KSA, with approval
Letter Number 20-115M.

Statistical Analysis

The data were imported into the most recent version of R,
3.6.3, on the RStudio (1.2.5033) (25). Data were analyzed using
the Chi-square goodness-of-fit test to determine the impact of
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FIGURE 1 | COVID-19 epidemiological curve with active and community mass screening phases between 16 April- 19 May 2020 in Saudi Arabia.
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categorical variables, like Saudis/Non-Saudis, gender, age group,
and region on test positivity. Follow-up, pairwise comparisons,
and Chi-square testing with Bonferroni correction were made to
identify which pairs are different from one another concerning
COVID-19 test positivity. In the present study, p-value < 0.05
was considered significant.

RESULTS
Phase 1 (Active Phase)

In the active phase of mass screening, a total of (42,765)
individuals were screened. Positive cases accounted for 18.18% (n
= 7,776), where 84.13% (n = 35,979) of those tested were males
(Table 1). Approximately 34.95% (n = 15,822) of active phase
screened cases were from the aged 30-39 years, representing the
highest proportion of positive cases (6.36%, n = 2,717), followed
by the 40-49 year old and 25-29 year old age groups with 3.61%
(n=1,543) and 2.96% (n = 1,267), respectively (Figure 2).

The regions with the most positive cases among the active
phase screened were the Eastern region, Al-Madinah, and
Riyadh, with 7.81% (n = 3,339), 3.48% (n = 1,490), and 1.85%
(n =791), respectively (Figure 3).

Our Chi-square test shows a significant association between
the number of positive COVID-19 tests and Saudis/non-Saudis
(p = 0.0). It also shows a significant correlation between
males and females with test positivity (p < 0.05). Moreover,
different age groups showed significant correlation with positive
COVID-19 tests (p = 0) (Table 1). For regions and age groups
with the number of positive COVID-19 cases, the Chi-square
shows a significant association between regions, age groups,
and the number of positive COVID-19 test cases (p = 0.0002)
(Figures 2, 3).

Phase 2 (Community Phase)

In the community phase screening, a total of (29,089) individuals
were screened, of which positive cases accounted for 6.62% (n
= 1,925) (Table 1). Males accounted for 82.01% (n = 23,856)
of those screened, of which 78.13% (n = 1,504) were positive
(Table 1). The most positive cases among the community phase
screened individuals were in the 30-39 years old group (2.19%,
n = 638), followed by the 40-49 years old and 25-29 years
old groups: 1.17%, (n = 339) and 1.1% (n = 319), respectively
(Figure 2).
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TABLE 1 | Demographic variables for COVID-19 positive cases during active and
community phases for mass screening.

Phase 1 Screened cases Positive cases P-value
N = 42,765 N = 7,776 (18.18%)

Nationality =0
Saudi (%) 11,724 (27.41%) 1,847 (23.75%)
Non-Saudi (%)  31,041(72.59%) 5,929 (76.25%)
Gender =0.0002
Male (%) 35,979(84.13%) 6,649 (85.51%)
Female (%) 6,786 (15.87%) 1,127 (14.49%)
Age (years) =0
<1 230 (0. 54%) 47 (0.6%)
01-14 2,345 (5.48%) 603 (7.75%)
14-19 942 (2.2%) 226 (2.91%)
20-24 3,541 (8.28%) 509 (6.55%)
25-29 7,904 (18.48%) 1,267 (16.29%)
30-39 15,822 (36.95%) 2,717 (34.94%)
40-49 8,051 (18.83%) 1,543 (19.84%)
50-59 3,108 (7.27%) 675 (8.68%)
60-69 635 (1.48%) 155 (1.99%)
70+ 172 (0.4%) 33 (0.42%)

Phase 2 Screened Cases Positive Cases

N = 29, 089 N = 1,925 (6.62%)

Nationality =0
Saudi (%) 20,368 (70.02%) 1,018 (562,88%)

Non-Saudi (%) 8,721 (29.98%) 907 (47.12%)
Gender =0

Male (%) 23,856 (82.01%) 1,504 (78.13%)
Female (%) 5,233 (17.99%) 421 (21.87%)
Age (years) -0
<1 99 (0.34%) 9 (0.47%)
01-14 1,305 (4.49%) 150 (7.79%)
14-19 1,023 (3.52%) 63 (3.27%)
20-24 2,954 (10.16%) 176 (9.14%)
25-29 5,213 (17.92%) 319 (16.57%)
30-39 11,178 (38.43%) 638 (33.14%)
40-49 4,807 (16.53%) 339 (17.61%)
50-59 1,808 (6.20%) 174 (9.04%)
60-69 524 (1.8%) 43 (2.23%)
70+ 177 (0.61%) 13 (0.68%)

The regions with the most positive cases were Jeddah, Tabouk,
and the Eastern region, with 1.61% (n = 496), 1.31% (n =
381), and 1.21% (n = 352), respectively (Figure 3). The Chi-
square-test shows a significant association between the number
of COVID-19 test-positive cases and Saudi/non-Saudi, gender,
age groups, and regions with a p-value = 0 (Tablel and
Figures 2, 3).

DISCUSSION

The COVID-19 pandemic condition continues to devastate
most countries around the world. The WHO warned that
the pandemic is far from over, and it recognizes the risk

of COVID-19 spreading between and within countries and
regions. Thus, strategies for detecting and responding to
COVID-19 and resource allocation will vary according to
national risk assessments. It is recommended by WHO that all
suspected cases are tested according to the organization’s case
definition (24).

Mass screening strategies were adopted by several countries
around the world to contain the spread of the virus and to ease
lockdown measures. Some of these countries performed massive
mass testing programs in which they screened a large number
of people daily. Others were moderate in doing mass testing,
while others manage to do very few or did not pursue mass
testing at all. A model to control the infection was submitted by
a group of scientists in the UK, which involved mass screening
for the whole population (26). However, this model is difficult
to apply due to the massive labor and costs entailed. According
to the Economic Cooperation and Development (OECD) report
on 30 April 2020, Iceland is considered one of the countries
that managed to test a high proportion of its population: one in
eight of its population has been tested (9). Like Saudi Arabia,
Iceland performed its mass screening in phases; the first mass
screening program was followed by another testing campaign
to reach about 12% of the population, with a success rate of
93% (9). A high percentage was also achieved in Saudi Arabia;
with 45,000 tests been performed daily between May and June
2020, which was then accelerated to 70,000 daily tests in July
2020 (27, 28).

Countries such as Luxembourg and Estonia have achieved a
higher rate of mass screening as well. However, these countries
are considered sparsely populated nations, which might have
helped them to increase the capacity of their mass screening
programs (29). Mass screening in highly populated countries can
be challenging, even in countries with robust health care systems
such as Japan and the UK. However, other highly populated
countries have managed to act with great professionalism and
efficiency to screen more, such as South Korea and Singapore.
South Korea initiated a mass screening program at the end
of February 2020, with about 20,000 tested daily. These tests
were conducted via mobile examination, drive-through testing,
and walk-through testing (30). Singapore managed to test
confirmed cases more than once and imposed a whole-nation
mass testing campaign, like Saudi Arabia (31). New York
state was massively infected with COVID-19, where it adopted
precautionary measures that included mass screening tests. A
large number were tested daily, which unexpectedly resulted in
increasing anxiety among the public. Many were flooding into
hospitals and testing centers and queued to be screened, which
accelerated the spread of infection (32). Also, the north part
of Ttaly, the crowded tourist region, was heavily infected with
the virus. In the early days of the epidemic, the government
planned to screen only symptomatic patients. Later on, when the
infection had spread to the rest of the country, and the north
had contained the spread of COVID-19, they applied population-
wide testing for both symptomatic and asymptomatic persons
(33, 34). On the other hand, Saudi Arabia has adopted a different
approach, as the targeted population in the initial phase of mass
screening included both symptomatic and asymptomatic cases
which helped extensively to allocate heavily infected areas, thus
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FIGURE 2 | The percentage of positive COVID-19 cases among all screened individuals in Saudi Arabia between 16 April—19 May 2020 in active and community
phases in terms of age groups.

appropriate measures were applied accordingly with to reduce
the infection rates.

Saudi Arabia has carried out a series of ongoing precautionary
measures to control the spread of COVID-19 infection and
to provide early detection strategies of the disease. When the
mass screening program was initiated, the number of infected
cases had already exceeded 11,000 cases. The number of cases
accelerated after the start of the mass screening program,
indicating that positive cases were better detected and allocated
(35). Analysis of the mass screening data in the screening phases
showed that positive cases in males were significantly exceeding
the number of positive cases in females. Similarly, males were
more infected than females in Italy (82%), the USA (61.3%), and
China (54.3%) (36-38). This can be explained by several factors
including that more men are involved in the workforce than
women and that men are more susceptible to be infected with
the virus than women (39, 40).

The non-Saudi cases were higher in the active phase compared
with the community phase. This is likely because most of
the screened people in the active phase were from densely
populated districts and worker housing (20). However, the

community phase was targeting individuals based on their low
to intermediate epidemiological risk profile after filling electronic
screening tools. Thus, as expected, most of the screened were
Saudi (60.7%) (21, 41).

In terms of age, our data showed that the 30-39 years old
group was the most screened in both phases, which has also been
observed in other countries, such as the USA and China (42-44).
It was expected that this age group would be the most infected
in both phases, considering that workers and most of the Saudi
population are within this age group.

Regarding the overall coverage of the mass screening program
across regions in Saudi Arabia, most were screened in both
phases. Regions such as Eastern and Riyadh had a larger number
of screened individuals compared to Makkah and Al-Madinah,
despite that mass screening centers were equally distributed
in most Saudi regions. These variabilities can be attributed to
several factors, including peoples’ lack of awareness, being afraid
of the test, as well as being worried about positive test results
(45, 46). Thus, it is essential to improve risk communication and
community engagement regarding COVID-19 pandemic (47).
The Ist reported COVID-19 case entered through the Saudis
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FIGURE 3 | The percentage of positive COVID-19 cases in different regions in Saudi Arabia between 16 April and 19 May 2020 among active and community phases

Eastern region port of entry leading to the lockdown of a number
of its Governorate in the early phases of the pandemic (5, 48).
This would explain the high positivity rate of cases in the Eastern
region in the initial active phase, which was eventually reduced
in the community phase because of effective curfew measures.
Additionally, a high number of positive cases in phase one in
both Al-Madinah and Riyadh regions was observed, which could
be attributed to the high number of dense districts easing the
spread of the virus. This led to enforce lockdown on these dense
areas in the early phases of the pandemic to reduce the number of
positive cases in Al- Madinah and Riyadh (49, 50). Despite more
people were being aware about screening services at designated
primary care centers in phase two, nevertheless Jeddah and
Tabouk regions were the highest in the number of positive cases,
which can be explained by unstable epidemiological situation in
both regions and lower level of awareness about precautionary
measures. This increase in the number of cases led to impose
further curfew measures to curb the spread of the disease
(14, 49, 51).

Based on the COVID-19 mass screening experience in Saudi
Arabia, 13.50% of all screened individuals (71,848) in the initial

two phases were positive. This percentage nearly falls in the
recommended percentage of an adequate number of tests as
suggested by the WHO; 3%-12% of positive cases of the total
screened people. Despite the number of tests in these two phases
can be considered small, still, these phases helped to locate heavily
infected areas and introduced appropriate measures to control
the spread of the infection. Due to the finding that most of the
positive cases were from densely populated areas and within the
30-39 years old group, it is crucial to focus on increasing the
level of community awareness, especially among those targeted
populations (47, 52).

To our knowledge, this is one of the initial studies to
address mass screening in Saudi Arabia. However, this
study has some limitations. First, some variables were
missing in the electronic database (HESN), such as clinical
characteristics, patients’ disposition, and disease outcomes.
Further analysis of these variables could have been achieved
to describe detailed demographic data of cases screened,
map the disease severity, and guide targeted areas for mass
screening. Second, the community screening phase included
those with a pre-defined epidemiological risk profile, excluding
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many other cases that could have an added value to our
results. Third, the mass screening program will continue,
with additional phases, but this study addressed only the
first two phases limiting the generalizability of the results in
this study.

CONCLUSION

Launching Saudi Arabia’s mass screening program during the
early phases of the pandemic was a helpful epidemiological
surveillance tool, which was based on accumulative experiences
with previous outbreaks such as MERS CoV. Phase 1 showed
high COVID-19 positive cases in densely populated areas,
males, and age groups between 30-39 years. Effective awareness
campaigns for these groups are critical to contain the infection.
A high number of COVID-19 cases in phase 2, in Jeddah,
Tabouk, and the Eastern region, was expected due to their
unstable epidemiological situation at that specific time interval.
Following screening phases of the mass screening program
should address gaps from earlier phases which include screening
more individuals, using rapid screening techniques, and
providing more reliable results in less time to limit the spread
of COVID-19.
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