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Abstract

Background: This study updates the COVID-19 pandemic surveillance in the Middle East and North Africa (MENA) we first
conducted in 2020 with 2 additional years of datafor the region.

Objective: The objective of this study isto determine whether the MENA region meets the criteriafor moving from a pandemic
to endemic. In doing so, this study considers pandemic trends, dynamic and genomic surveillance methods, and region-specific
historical context for the pandemic. These considerations continue through the World Health Organization (WHO) declaration
of the end of the public health emergency for the COVID-19 pandemic on May 5, 2023.

Methods: In addition to updates to traditional surveillance data and dynamic panel estimates from the original study by Post et
al, this study used data on sequenced SARS-CoV-2 variants from the Global Initiative on Sharing All Influenza Data (GISAID)
to identify the appearance and duration of variants of concern. We used Nextclade nomenclature to collect clade designations
from sequences and Pangolin nomenclature for lineage designations of SARS-CoV-2. Finally, we conducted a 1-sided t test to
determine whether regional weekly speed of COVID-19 spread was greater than an outbreak threshold of 10. We ran the test
iteratively with 6 months of data from September 4, 2020, to May 12, 2023.

Results: The speed of COVID-19 spread for the region had remained below the outbreak threshold for 7 continuous months by
thetime of the WHO declaration. Accel eration and jerk were also low and stable. Although the 1- and 7-day persistence coefficients
remained statistically significant and positive, the weekly shift parameters suggested the coefficients had most recently turned
negative, meaning the clustering effect of new COV I D-19 cases became even smaller in the 2 weeks around the WHO declaration.

https://publichealth.jmir.org/2024/1/e53219 JMIR Public Health Surveill 2024 | vol. 10 | €53219 | p. 1
(page number not for citation purposes)


mailto:lori.post@northwestern.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Soetikno et a
From December 2021 onward, Omicron was the predominant variant of concern in sequenced viral samples. Therolling t test of
the speed of spread equal to 10 became entirely insignificant from October 2022 onward.

Conclusions: The COVID-19 pandemic had far-reaching effects on MENA, impacting health care systems, economies, and
socia well-being. Although COVID-19 continuesto circulatein the MENA region, the rate of transmission remained well below
the threshold of an outbreak for over 1 year ahead of the WHO declaration. COVID-19 is endemic in the region and no longer
reaches the threshold of the pandemic definition. Both standard and enhanced surveillance metrics confirm that the pandemic
had transitioned to endemic by the time of the WHO declaration.

(JMIR Public Health Surveill 2024;10:€53219) doi: 10.2196/53219
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Introduction

COVID-19, the disease caused by the virus SARS-CoV-2, was
first detected in Wuhan, Ching, in the fall of 2019 [1-6]. The
Middle East and North Africa (MENA) reported their first 9
COVID-19 cases in the United Arab Emirates and Egypt
between January 29, 2020, and February 16, 2020 [7]. Our
research team first conducted an epidemiological assessment
of the pandemic in MENA 1 year into the pandemic [8]. This
study provides 2 additional years of updated surveillance and
analysisfor the region.

We adopt the World Bank's definition of MENA, whichisbased
on economic development and geographical proximity,
encompassing Bahrain, Iran, Irag, lsrael, Jordan, Kuwait,
Lebanon, Oman, Qatar, Saudi Arabia, Syria, the United Arab
Emirates, Yemen, Algeria, Djibouti, Egypt, Libya, Morocco,
and Tunisia[9].

The World Health Organization (WHQ) and Director-General
Ghebreyesus declared the end of COVID-19 as a public health
emergency of international concern on May 5, 2023 [10-12]
based on the recommendation of the COVID-19 Emergency
Committee [12]. We compared how the pandemic, as
experienced in the MENA region, progressed before and after
the declaration.

Epidemiological terms, such as pandemic, epidemic, outbreak,
and endemic, are used to describe the occurrence and spread of
diseases [13,14]. The distinctions between these terms lie in
their scope, geographi c extent, and severity. An epidemic refers
to asudden increasein the number of disease casesin aspecific
population at the subnationa level. If the epidemic spreads
across severa countries or continents, it becomes a pandemic.
An outbreak, on the other hand, describes a sudden increase in
a concentrated setting, usualy involving a more limited
geographic areathan an epidemic. Endemic refersto the constant
presence of a disease in a particular geographic region or
population, with no sudden increases in case volume
[15,16]. Field epidemiology defines these terms based on
transmission metrics and geographical distribution. All public
health surveillance data suffer from incomplete case
ascertainment, meaning that not all cases of a disease may be
reported or captured in the surveillance system. Despite this
limitation, public health surveillance is valuable because it
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provides a near real-time view of disease trends within a
population. Surveillance is crucial for leaders to respond
effectively to health threats, implement control measures, and
allocate resources where they are needed most. In sum, although
the data may not capture every single case, they serve as a
critical tool for monitoring and tracking the spread of diseases
and health eventsin a population [17].

Since conducting and publishing our initial research on the
pandemic in MENA, much more has been learned about the
SARS-CoV-2 virusand itstransmission and prevention [18-24].
Additionally, disease control measures and their effects on
medical, social, and economic well-being have been further
studied in the interval period, with new emphasis on clear
guidelines and effective communication strategies [18,19]. In
parallel, there wasincreased focus onrisk factorsfor COVID-19
infection and mortality, ranging from personal risk factors such
as age and medical comorbiditiesto air pollution, climate, and
population density [18,25-27]. The vast breadth and depth of
new knowledge related to COVID-19 and public health gained
in the past 2 years underscore the need for new analysis with
updated data and historical context.

Public health surveillanceisthe“ ongoing, systematic collection,
analysis, and interpretation of health-related data essential to
planning and evaluation of public health practice” [28].
Surveillance explains the burden of disease with transmission
and death rates [29-43] and allows us to compare that burden
between geographical regions and to understand which regions
are most impacted. The impact can be measured through
standardized population rates regarding how many people
contract or die from a disease.

However, traditional surveillance carries several limitationsthat
this study addressed. Traditional surveillance provides a
snapshot of what has aready happened [29-43], meaning
surveillance is static. In the middle of a burgeoning pandemic,
policymakers and public health practitioners also need to
understand what is about to happen. |s an outbreak increasing?
Will growth switch from linear to exponential ? Are more people
dying from that particular condition in one place than another?
To inform health policy and practice, knowledge of what is
about to happen is often more val uable than knowledge of what
did happen. To that end, we developed enhanced surveillance
metricsthat reflect the dynamics of a pandemic and can inform
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imminent growth and, most importantly, where along the
epidemiological outbreak curve a particular region is situated.
We also included dynamic metrics about the speed of the
pandemic spread at the national, regional, and global levels.
We measured how acceleration of speed this week compared
with last week, as well as how novel infections last week
predicted new cases this week. We can think of the latter
measure as the echoing forward of cases. These metrics were
tested and validated in prior research [8,44-54].

For the purpose of this study, standard surveillance metrics
explain what has already happened in MENA, while enhanced
surveillance metrics speak to what is about to happen or where
along an epidemiological curveacountry may sit. We used both
types of metrics to analyze the possible end to the pandemic.

Thisstudy had 3 objectives. First, we aimed to measure whether
there was a pandemic expansion or contraction in the MENA
region at the time the WHO declared the end of the COVID-19
pandemic as a public health emergency of international concern
on May 5, 2023. At both the region and country levels, we used
advanced surveillance and analytical techniquesto describethe
status of the pandemic in a 2-week window around the WHO
declaration. From a public health perspective, we need to know
whether the rate of new COVID-19 cases was increasing,
decreasing, or stable from week to week and if any changesin
the transmission rate indicated an acceleration or deceleration
of the pandemic. Statistical insignificance is significant—it
signals an epidemiological “end” to the pandemic if the rate of
new casesis 0 (or very low) and stable, meaning the number of
new cases is neither accelerating nor decel erating.

Second, we used dynamic and genomic surveillance methods
to describe the history of the pandemic in the region and situate
the time window around the WHO declaration. We included
the ratio of COVID-19 desths to the number of transmissions
asaproxy for the population-level mortality risk from infection.
We also included a historical record of genomic surveillance
from sequenced viral specimensto identify the appearance and
spread of variants of concern in the region.

Third, we aimed to provide historical context for the course of
the pandemic in the MENA region. We addressed severa
guestions. How did countries respond to the pandemic? How
did the region fare in terms of disease burden? What social,
economic, and political factors shaped the course of COVID-19
in the region? This context can provide important lessons for
disease prevention and mitigation in future pandemics.

Methods

Data Source

This study conducted trend analyses with longitudina
COVID-19 datafor the MENA region from 2020 through 2023.
Dataon COVID-19 transmission and death were sourced from
Our World in Data (OWID) [55]. OWID compiles data on
COVID-19 cases and mortality from multiple sources, including
individual websites, statistical reports, and press releases. The
MENA region was defined by the World Bank’s economic and
geographical metrics[9], and the data comprised an unbalanced
panel of 20 countries and territories from September 4, 2020,
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to May 12, 2023. Because severa countries around the world
switched from daily to weekly reports at various pointsin 2023,
we used acubic splineto interpolate daily new cases and deaths
when any country had 4 consecutive periods of non-zero new
cases interspersed by 6 days of zero new cases. A cubic spline
isastatistical function used to assess the “ smoothness” of data
points and estimate missing or unclear data on a line given
surrounding trends.

To identify the appearance and duration of variants of concern,
we used data on sequenced SARS-CoV-2 variants from the
Global Initiative on Sharing All Influenza Data (GISAID),
which is an effective and trusted online resource for sharing
genetic, clinical, and epidemiological COVID-19 data[56-60].
We used Nextclade nomenclature [61] to collect clade
designations from sequences and Pangolin nomenclature for
lineage designations of SARS-CoV-2 [62,63]. Nextclade
nomenclature is an open-source tool for viral genome analysis,
mutation identification, clade assignment, and phylogenetic
mapping. Pangolin nomenclature is an open-source tool
(Phylogenetic Assignment of Named Global Outbreak Lineages)
used to track the transmission and spread of SARS-CoV-2 and
its lineages. Metadata for the study period were collected on
June 22, 2023. To avoid low frequency or potentially erroneous
samples, the data set was further filtered to exclude monthswith
fewer than 100 available samples, variant groups with fewer
than 5 samplesin amonth, and variant groups representing less
than 0.5% of the total samples in a month. The final data set
consisted of 184,386 total samplesavailable on GISAID [56-59].

M easures

This study provides updates of traditional surveillance dataand
dynamic panel estimates from the origina study by Post et al
[8,52,53,64-66]. The “speed” of spread of the pandemic isthe
rate of new COVID-19 cases per 100,000 population. Novel
metrics go beyond speed to add acceleration, jerk, and 1- and
7-day persistence measures. Acceleration is the difference in
speed from one week or day to the next. Acceleration identifies
whether the number of new cases is increasing (positive
acceleration), decreasing (negative acceleration), or at a stable
inflection point (zero). “ Jerk” isthe changein acceleration from
one time interval to the next, and its name is adopted from
physics homenclature. A positive jerk can indicate explosive
growth in the spread of a disease. Finaly, 1- and 7-day
persistence measures capture the impact of the 1- and 7-day lag
of speed on current speed. These measures capture the
echo-forward effect of COVID-19 cases on future cases either
1 or 7 days later. They are derived from coefficient estimates
on lagged transmission ratesin an Arellano-Bond dynamic panel
data model [67]. The model follows the general form of:

Yit = PYir.1 + BXje + o + Uii(1)

where the dependent variable is the rate of COVID-19
transmissions, the independent variables include weekend and
recent week indicators, a; denotes country fixed effects, and uj,
is the idiosyncratic error term. Please see the initial study for
more details [8].

We further analyzed the potential “statistical end” to the
pandemic with a 1-sided t test for whether the mean of speed
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of spread, defined as the rate of new COVID-19 cases per
100,000 population in a given time period, was equal to or
greater than the outbreak threshold of 10. We ran the test on a
rolling 6-month window over weekly speed for the region, and
we plotted the P values from the test over time. All statistical
analyses were conducted with the plm package (version 2.6-2)
inR (version 4.2.1) [64,65].

Ethical Consider ations

This study followed the guidelines of the World Medical
Association’s Declaration of Helsinki: Ethical Principles for
Medica Research Involving Human Subjects [68,69]. This
research relied on publicly available data with no private,
identifiableinformation. Thus, institutional review board review
was unsolicited.

Results

Table 1 presentsthe dynamic panel estimatesfor the most recent
time window. The Wald test for the regression was significant
(P<.001), and the Sargan test failed to reject the validity of the
overidentification restrictions (P=.99). Although the 1- and
7-day lag coefficients were statistically significant, suggesting
a cluster effect in which cases on a given day impact cases 1
day and 7 days later, the coefficients were moderate in
magnitude (0.310 and 0.586, respectively). Furthermore, the
shift parametersfor either of the 2 most recent weekswere both
significant and negative, meaning the clustering effect had
become smaller—in fact, negative—in the 2 weeks around May
5, 2023.

Static surveillance metrics for the weeks of April 28, 2023, and
May 5, 2023, are provided in Table S1 of the Multimedia
Appendix 1. Every country had a smal number of new
COVID-19 cases. The highest rate of new cases per 100,000
population was 8.90 in Qatar for the week of April 28, 2023,
gtill considered a low transmission rate by the Centers for
Disease Control and Prevention (CDC) [70]. Thisrate fallsjust
below theinformal outbreak threshold of 10 cases per week per
100,000 population [8,44-54]. Specifically, a “Low”
transmission is considered no more than 10 cases per 100,000
people per week. “Moderate” transmissionis 10 to 50 cases per
100,000 people per week, and “ Substantial” transmission is 50
to 100 cases per 100,000 people per week [70,71]. The weekly
transmission ratein Qatar also fell to 0 the following week. For
the same week, no other country had a speed greater than 2.

Comparisonsin Table S1 (Multimedia Appendix 1) demonstrate
little to no change in surveillance metrics before and after the
WHO declared an end to the COVID-19 emergency. Without
question, Iran and Israel had the most cases of COVID-19
transmissions and deaths, but this rank is a function of
population size. Thus, a better measure is the number of
COVID-19 cases and deaths per 100,000 popul ation. Moreover,
death is often a better proxy for the state of an outbreak than
transmissions because deaths are lesslikely to be undercounted
[72]. Undercounting may be due to poor public health
infrastructure, home antigen testing, or adearth of polymerase
chain reaction (PCR) testing or other resources. Iran reported
0.02 deaths per 100,000 population. When we controlled for a
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risk of death given the number of COVID-19 transmissions, we
found that Egypt had the highest conditional death rate of 0.05
deaths per case. The next highest rate was 0.03 deaths per case
in both Algeriaand Tunisia

Table 2 contains enhanced dynamic surveillance metricsfor the
2 weeksbefore and after May 5, 2023. Speed of spread was|ow
for every country except Qatar in the week of April 28, 2023,
and acceleration was O or negative for almost every country.
During this time, Qatar still remained well below the outbreak
threshold (see Table S1 in Multimedia Appendix 1). Although
positive, acceleration was small. The 7-day persistence effect
on speed of spread was also very small in magnitude for the
week of April 28, 2023, in every country, and the persistence
effect fell to O or negative for every country the following week.
These metrics suggest the pandemic may have indeed ended
for the region. We note that the figures in Table 2 are not
calculated as day-over-day averages across the week, as they
arein Table S1in Multimedia Appendix 1. Thus, the magnitudes
of speed may not exactly match thosein Table S1in Multimedia
Appendix 1.

Table 3 compares the 7-day persistence effect on speed for the
5 countries with the highest persistence for the weeks of April
28,2023, and May 5, 2023. In each case, the effect had become
either O or negative by the second week. Again, these metrics
indicate that COVID-19 was well controlled in the region
overall.

Figure 1 plots the regional speed of spread, acceleration, jerk,
and 7-day persistence metrics from September 4, 2020, to May
12, 2023. The dashed grey line denotes the informal CDC
outbreak threshold of speed equal to 10. The region experienced
3 outbreaks over the course of the pandemic. Thefirst was brief,
reaching apeak speed of only 13in April 2021. The second saw
apeak speed of 19in August 2021. However, these 2 outbreaks
can largely be considered 1, as speed dipped only slightly below
the outbreak threshold of 10 between them. The third outbreak
was the largest, with a peak speed of 33 in February 2022.

Figure 2 plots variant groups as a proportion of all vira
specimens collected and sequenced in the region (and made
available through GISAID) each month. The first 1 to 2
outbreaks referenced in the previous paragraph occurred just
around the appearance of the Delta variant. The last outbreak
was driven by the Omicron variant. MENA, like much of the
rest of the world, saw a surge in cases amid the heightened
transmissibility of Omicron [73]. Still, the outbreak was much
smaller than in several other regions of theworld, such asNorth
America, Europe, and East Asia and the Pacific, which each
saw peak speeds of over 200 amid Omicron outbreaks.

Another potential indication of the end to the pandemic wasthe
continued dominance of the Omicron variant. Although the
region saw a mixture of the ancestral, Alpha, Beta, and Delta
variantsprior to thearrival of Omicronin November 2021, vira
sequences have almost exclusively returned as Omicron and its
subvariants ever since.

Figure 3 plots the P values from a series of 1-sided t tests to
determine whether speed for the region was equal to or greater
than the threshold outbreak of 10. These tests were conducted
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on arolling 6-month window of weekly regional speed. The
dashed grey line denotes the least restrictive conventional
significance level threshold of a=.10. The only time the test
rejected the null hypothesisin favor of the aternative occurred
around the 6-month period ending in mid-August 2021. This
period marked the extended, intermittent outbreak driven by
(presumably) the Delta variant. From then on, the test failed to
reject the null hypothesis, athough P values did drop again
somewhat around the later Omicron outbreak. The test statistic
became consistently insignificant from approximately October
2022 onward. This more recent lack of statistical significance
is consistent with the end of the pandemic in the region, asthe

Soetikno et d

test clearly failed to reject the null hypothesis of outbreak
threshold speed.

With the historical context of enhanced surveillance metrics,
the MENA region appeared to be at the end stage of the
pandemic. Speed had not been this low for this long since the
start of the pandemic. Furthermore, speed remained well below
outbreak status for over 1 year ahead of the WHO declaration.

Figure 4 provides a timeline of the onset of COVID-19 in
MENA as well as vaccination programs and major events that
likely created additional challenges to disease control, such as
the arrival of new variants of concern.

Table 1. Arellano-Bond dynamic panel datamodeling from Equation (1) of the number of daily infections reported by country, April 28, 2023, through

May 12, 2023.2P

Variable ValueS P value
1-day persistence coefficient 0.310 <.001
7-day persistence coefficient 0.586 <.001
Shift parameter week of April 28, 2023 -0.752 <.001
Shift parameter week of May 5, 2023 -0.304 <.001
Weekend 0.300 17

AWald test: X%=12567.77, P<2.227%6.
bSargan: x%s40=13, P>.99.
Contains estimates from the model in Equation (1).

Table 2. Novel surveillance metricsin Middle East and North Africa(MENA) for the weeks of April 28, 2023, and May 5, 2023.

Country April 28, 2023 May 5, 2023
Speed®  Acceleration®  Jerk® 7-day persis- gpee®  Accdleration®  Jerk® 7-day persis-

tence effect on tence effect on
speed’ speed’

Algeria 0.02 0 0 0 0.02 0 0 0

Egypt 0 0 0 0 0 0 0 0

Iran 0.22 0 0.06 0.04 0.20 0 0 -0.04

Israel 2.39 0.05 -0.09 0.19 1.84 -0.12 -0.05 -0.40

Kuwait 0.20 0 0 0.03 0.16 0 0 -0.03

Lebanon 117 0 0.27 0.10 1.08 0.67 0.84 -0.19

Libya 0 0 0 0 0 0 0 0

Morocco 0.13 0 0 0.01 0.14 0 0 -0.02

Oman 0 0 0 0 0 0 0 0

Qatar 16.52 127 -0.25 0 6.13 -1.27 -0.82 —2.73

Saudi Arabia 0.50 -0.04 0 0.04 0 -0.05 0.01 -0.08

Tunisia 2.09 0.06 -0.04 0.12 1.52 -0.13 0 -0.35

United Arab Emirates 2.21 0.01 -0.08 0.15 2.08 -0.06 -0.01 -0.37

3New COVID-19 cases per 100,000 population.

bDifferencein speed from one week to the next.

CChange in accel eration from one week to the next.

%The impact of the 1- and 7-day lags of speed on current speed.
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Table 3. Top 5 countries ranked by 7-day persistence in the Middle East and North Africa(MENA) for the weeks of April 28, 2023, and May 5, 2023.
Week and country

7-day persistence®

Week of April 28, 2023

Israel 0.19
United Arab Emirates 0.15
Tunisia 0.12
Lebanon 0.10
Saudi Arabia 0.04
Week of May 5, 2023
Libya 0
Oman 0
Egypt 0
Algeria 0
Morocco -0.02

87_day persistence was estimated using Equation (1).

Figure 1. Timeline of speed, acceleration, jerk, and 7-day persistence in the Middle East and North Africafrom 2020 to 2023.
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Figure 2. Variant of concern (VOC) groups as a proportion of all sequenced SARS-CoV-2 specimens over time in the Middle East and North Africa

from May 2020 through May 2023.
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Figure 3. Roallingt test of weekly speed equal to 10 over a 6-month window in the Middle East and North Africafrom 2020 through 2023.
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Figure 4. Timeline of the COVID-19 pandemic in the Middle East and North Africa (MENA). VOC: variant of concern; WHO: World Health

Organization.
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Discussion

Principal Findings

The principal finding to the stated objective of this study isthat
the MENA region meets the 3 criteria for moving from a
pandemic to an endemic. First, the transmission rates before
and after the WHO declaration of the end of the COVID-19
public health emergency of international concern on May 5,
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2023, were well below the threshold of an outbreak. Second,
the transmission and death rates approached 0 and remained
extremely small and stable. Finaly, the pandemicin MENA is
no longer propagating forward. Our findings therefore signal
that COVID-19 has changed from a pandemic to an endemic
in MENA. Nonetheless, COVID-19 had profound effects on
the region’s economy, political, and public health institutions
since the pandemic began in spring 2020.
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The MENA region saw several waves of infection over the
course of the pandemic, with significant spikes driven by new
SARS-CoV-2 variants and the rollback of COVID-19
restrictions. The region saw significant disparities in how
effectively countries were able to enforce quarantine rules and
contain the virus. During an initial wave in 2020, MENA
countries with the economic, social, and political resources to
institute quarantines were quick to respond to the pandemic and
had substantially lower infection and fatality rates compared
with countries in Europe and North America. This response
allowed them to reopen their economies quickly. MENA
governments similarly responded to later waves by reinstituting
quarantine rules in focused areas. For example, Saudi Arabia,
Kuwait, and Qatar each saw the number of COVID-19 cases
drastically increase in May 2020 after restrictions were eased
for Ramadan. These governments quickly reinforced strict
lockdowns to control the spread of the virus [74].

Other MENA countries, which were already struggling with
economic and sociopolitical instability, faced heightened crises
as COVID-19 strained their already fragile societies. In Syria,
which hasgrappled with internal conflict since2011, COVID-19
created a health care catastrophe as the country’s already
strained health care system was pushed to the breaking point.
According to the WHO, only 50% of hospitals in Syria were
fully functioning, and 25% were partially functioning at the
start of the pandemic due to shortages of staff and medical
equipment from years of war [ 75]. Refugee camps, which lacked
proper medical staff and equipment, created grounds for the
virus to spread quickly [76]. Yemen, which has dealt with a
long and protracted civil conflict, faced its own crisis in the
pandemic. Traderestrictionsdueto COVID-19 led to morethan
50% of Yemen’s population facing food insecurity and hunger
[77-79].

In economic impacts, the MENA region saw a 3.5% declinein
gross domestic product (GDP) in 2020 driven by COVID-19
containment measures. However, as vaccines became more
prevalent and countries began easing COVID restrictions,
economies rebounded, with GDP growth of 4.5% in 2021 [80].
Some countries, such as Saudi Arabia, Kuwait, and the United
Arab Emirates, also faced a secondary economic shock from a
sharp decline in ail pricesin 2020 [81].

Many countries in the region approved large fiscal packagesto
support struggling economic sectors. These packagestypically
included direct cash support for affected workers, tax relief for
individuals and corporations, investment in strained health care
systems, and economic investment in specific sectors. Saudi
Arabia announced a SR 70 billion (US $18.6 hillion; 2.7% of
GDP) private support package, which suspended government
tax payments and provided additiona liquidity to the private
sector. Kuwait allocated KD 500 million (US $1.6 billion; 1.5%
of GDP) toward economic stimulus, which included the
provision of full unemployment benefits for Kuwaiti nationals
[81]. Many MENA countries began the pandemic with
underfunded health care systemsand had to drastically increase
their health care expenditure and invest in personal protective
equipment, ventilators, and other medical supplies. Egypt
alocated £5 billion (US $103 million) toward the purchase of
necessary medical supplies and funds for additional medical
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staff [81]. Overall, these health and social welfare packages
required MENA countries to borrow substantial amounts of
money, leading to increases in government debt [82].

Given prior experience with the Middle East respiratory
syndrome (MERS), many countries in the region were quickly
able to enact containment strategies. The backbone of these
strategies consisted of masking, border closures, contact tracing,
socia distancing, quarantines, and lockdowns. However, there
were significant disparities in how effective these measures
were implemented given the large differences in economic
resources, health care infrastructure, and the political stability
between countries. The United Arab Emirates was one of the
first countries to issue a COVID-19 alert before the WHO
declared COVID-19 a public health emergency. Saudi Arabia,
a deeply religious country, barred Muslims from conducting
prayersinside mosgues. Pilgrimagesto holy sites such asMecca
and Medinawere banned for foreigners [83]. Additionally, the
United Arab Emirates and Saudi Arabia levied fines against
any individuals or businesses that failed to adhere to mask
mandate policies [84]. Saudi Arabia also built makeshift
hospitalsto increase their health care capacity and accommodate
surges in COVID-19 cases [85]. Israel’s Ministry of Health
implemented a containment strategy focused on early travel
restrictionsto countriesreporting COV I D-19 cases, and 14-day
self-quarantine measures wereimposed on anyone arriving from
abroad [86]. More extensive lockdown measureswere ultimately
implemented, including the closure of schools, universities, and
all nonessential businesses[87]. Another cornerstone of Israel’s
containment strategy was the use of its extensive health care
resourcesto test and quarantine patients at scale[88]. Israel also
utilized mobile apps and spatial data collected from mobile
phones to effectively perform contact tracing [88,89].

Some countries in the region lacked the health care resources
to effectively fight the spread of the virus. At the start of the
pandemic, Morocco had a hospital bed capacity of 1.1 bedsfor
1000 people, among the lowest in MENA [90]. Morocco
therefore adopted an early, strict containment strategy to prevent
straining their limited health care system. Policies included
suspension of public events, suspension of international travel,
and redtrictions on intercity travel [18,21,25,90,91].
Additionally, the government created a “COVID-19 Fund,’
which provided funding to increase hospital beds and intensive
care unit capacity, purchase personal protective equipment, and
increase testing capabilities [92]. Morocco experienced one of
the lowest fatality rates in the region during the initial wave of
infections[92].

Yemen faced difficulties implementing a comprehensive
containment strategy given the violent civil conflict facing the
country. Health infrastructure lacked the capability to properly
test patients and track the virus [93]. In parts of the country
controlled by the Houthi faction, almost no COVID-19
restrictions were implemented [81,94].

As the pandemic continued, countries eventually relaxed their
restrictions to stimulate the economy and only reinstated
lockdowns when COVID-19 cases began to spike [22,95].
MENA countries focused on achieving herd immunity through
widespread vaccination campaigns. The Pfizer-BioNTech
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vaccine was the first vaccine approved in Saudi Arabia in
mid-December 2020, with millions of vaccine doses being
administered throughout the pandemic [96]. In July 2021, Saudia
Arabiawas a so one of theworld'sfirst countriesto implement
a large-scale vaccine mandate to combat a new surge in cases
fromthe COV1D-19 Deltavariant. Thismandate required proof
of vaccination to enter public and private ingtitutions, including
schooals, shops, malls, public transportation, and more[97]. The
United Arab Emirates al so mandated vaccinationsfor all people
attending live events such as sports events and art exhibitions.
Attendees also had to provide a negative polymerase chain
reaction (PCR) test within 48 hours of the event [98]. Egypt
announced that COVID-19 vaccinations were mandatory for
people over the age of 18 years. The country banned all
nonvaccinated people from entering public, governmental, and
educational buildings to further incentivize vaccination [99].
In June 2021, Egypt also signed an agreement with Chinese
vaccine manufacturer SinoVac to locally produce the company’s
inactivated vaccine, CoronaVac [100,101].

There were large disparities in access to vaccines, with richer
nations such asthe United Arab Emirates and Saudi Arabiaable
to vaccinate their population much faster than less-resourced
countries. For example, by early December 2021, the United
Arab Emirates had one of the world’s highest vaccination rates
at 90% of the population, while Yemen had just reached arate
of 1% [23,82].

One uniqueissue facing countriesin the MENA region wasthe
need for halal-certified vaccines. Many countries in the region
have significant Muslim populations[102]. Islamic law requires
that Muslims avoid using vaccines manufactured with certain
types of ingredients (such as pork products) [102]. To avoid
potential vaccine hesitancy, religious leadersin several MENA
countries, including the United Arab Emirates and Egypt,
declared vaccines halal and encouraged citizens to get
vaccinated to prevent further spread of the virus [103].

Limitations

Limitations of our dataanalysisand resulting manuscript include
the following. COVID-19 data had become less frequently
reported around the world by the time the WHO declared an
end to the COVID-19 Emergency of International Concern
[104]. Additionally, more people began to use at-home tests as
the pandemic evolved [ 105]. Because the enhanced surveillance
metrics of speed, acceleration, jerk, and 7-day persistence are
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based on rates, not total counts, statistical bias caused by
countries dropping in or out of the sample is mitigated, but to
the extent that a nonincluded country is unrepresentative of the
region in disease burden, the omission of a country or territory
can till influence historical data comparisons. Viral specimen
tests for variants of concern in GISAID are also dependent on
testing and sequencing capacity, which varied by country across
the region.

Conclusion

Overdll, the COVID-19 pandemic had far-reaching effects on
MENA, impacting health care systems, economies, and social
well-being. Although the region fared better in disease burden
than severa others, many countries in the region continue to
face challenges due to limited economic and heath care
resources [48,106-108]. Although COVID-19 continues to
circulate in MENA, the rate of transmission remained well
below the threshold of an outbreak for over 1 year ahead of the
WHO declaration.

The concern about potential resurgences of the SARS-CoV-2
virusisvalid [20,109-111]. Aslong as COVID-19 continuesto
spread and mutate, the possibility of new variants emerging
remains. Variants could potentially be more transmissible,
resistant to vaccines, or cause more severeillness. For example,
4 months after the WHO declared the end to the public health
emergency, Omicron has further mutated into Omicron EG.5,
incorrectly referred to as Eris and sensationalized in the media
[112]. There is no evidence that this subclade results in more
severedisease or death [113]. Thisunderscorestheimportance,
however, of continued vigilance, vaccination efforts, and global
cooperation to control the spread of the virus
[19,24,26,27,51,114-116].

Our findings underscore theimportance of thefollowing efforts
on a country and regional basis. government investment in
epidemiological surveillance and preparedness for future
pandemics and public health emergencies; identification of
barriersto access of key public health resourcesincluding care
(including acute and preventative care[ie, vaccines]), education,
and material goods and financial support; additiona crisis
management preparations in the social and economic spheres
given their intersectionality with public health; regular
assessment of social attitudes toward health crises, including
both ongoing and potential future emergencies.
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