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Background

There is a consensus that children’s needs have not been sufficiently prioritized during
the COVID-19 pandemic, and their right to a safe and healthy childhood has been
compromised to an extent, worldwide. A comprehensive assessment of population- and
individual-level changes associated with COVID-19 and its pandemic response measures
could be undertaken using the human exposome concept. The exposome is defined as the
totality of environmental exposures from conception onwards, including the endogenous
response. The objective of this study was to conduct a narrative review using an
exposome approach exploring short-term changes in the children’s exposome profile (<18
years old) associated with the COVID-19 measures implemented in the Eastern
Mediterranean region (EMR).

Methods

Google Scholar, PubMed and Reliefweb databases were searched for original studies and
situation reports published in English between January 1, 2020 and January 31, 2021,
pertinent to the EMR countries. Publications describing a quantitative or qualitative
impact of the COVID-19 pandemic measures on children were summarized using the
three exposome domains: general external (policies and programs), specific external
(lifestyle and environmental contaminants) and internal (intrinsic properties,
metabolism, etc.).

Results

Out of 405 results generated from PubMed and Google Scholar and 687 reports identified
from Reliefweb, a total of 16 original research articles and 36 situation reports were
retained, involving 14 out of 22 EMR countries. Most publications documented the
impact of COVID-19 pandemic measures on children’s general and specific external
exposome domains, while few studies dealt with the internal domain (risk of stunting,
malnutrition). In effect, chronic efforts by national and international programs to tackle
historical EMR challenges of child protection from labor, displacement, trauma and
violence, promotion of education, and eradication of pediatric malnutrition and
infectious diseases seem to be at risk during the COVID-19 crisis, either due to inaction
or suspension of children’s services and programs.

Conclusions

Regional authorities and governmental bodies are pledged to assess the impact of the
wider array of COVID-19 response measures on children’s exposome profile. A prompt
deployment of multi-sectoral COVID-19 recovery plans is warranted for the benefit of the
children in the EMR region.

The novel coronavirus disease (COVID-19) pandemic re- pharmacological interventions (NPIs) aiming to flatten the
sponse is ongoing via the deployment of a series of non- curve and break disease transmission chains, worldwide.
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The implemented NPIs part of the COVID-19 response
range from mobility and gathering restrictions to closures
of educational, recreational, workplace and religious enti-
ties, affecting the daily lives of billions around the world
and, thus, altering people’s lifestyle and behavioral routine,
including their exposures to a suite of environmental deter-
minants of disease.

The utility of the human exposome concept in holisti-
cally characterizing changes in population-level and indi-
vidual-level exposures ensued by COVID-19 and its associ-
ated NPIs was recently put forward.! The human exposome,
initially proposed by Dr Christopher Wild in 2005, encom-
passes life-course environmental exposures that are dy-
namically changing from the prenatal period onwards,
complementing the genome.2 Three exposome domains,
often overlapping, are used to classify these environmental
exposures: the general external domain, encompassing
wider social influential factors (such as programs and poli-
cies, social capital, education, financial status, psychologi-
cal and mental stress); the specific external domain, com-
prising personal exposures to chemical contaminants,
physical stressors, infectious agents, lifestyle factors, etc.;
and the internal exposome domain, which comprises ele-
ments of the endogenous response and individual features,
such as body morphology, endogenous response to exter-
nal stimuli, external chemicals, drugs, metabolites, etc.2:3
The COVID-19 pandemic and its NPIs are anticipated hav-
ing a combined effect on the exposome; on one hand, the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pathogen is in itself a novel environmental agent
affecting infectious disease risk and, on the other hand, the
associated NPIs impacted either directly or indirectly the
urban exposome profile of various (sub)population groups
living in the city.!

After a year in the pandemic, children’s population (<18
years old) have been shown with milder clinical signs and
symptoms, while recording the lowest attack and case-fa-
tality rates when compared with those of older age
groups.4-¢ Nevertheless, repercussions of the COVID-19 as-
sociated NPIs on the physical, psychosocial and mental
well-being of children were showcased in various studies
around the globe.”-? Amidst the ongoing challenges to en-
sure a safe and healthy childhood, a WHO-UNICEF-Lancet
Commission initiative was announced; the so-called Chil-
dren in All Policies 2030 aims to center children’s health
and wellbeing in the overall activities of sustainable devel-
opment goals.10

On a global scale, there is a consensus that children’s
needs have not been sufficiently prioritized during the
COVID-19 pandemic. Children of lower- and middle-in-
come countries appear to be mostly affected by the reper-
cussions of the COVID-19 and its accompanying NPI mea-
sures.3 A special attention was drawn to the Eastern
Mediterranean region (EMR), home to approximately 25
million children of marginalized groups, such as refugees,
migrants and internally displaced families often living in
suboptimal conditions with a pre-existing fragile access to
basic services and in need of humanitarian assistance.ll
12 1t is noteworthy mentioning that the COVID-19 pan-

demic and its associated NPI measures have weakened or
disrupted the provision of basic community services in the
EMR region that approximately hosts 64% of the global
population of refugees and one third of the world’s in-
ternally displaced population.!314 Consequently, govern-
ments and other operating agencies are called upon to re-
spond to this unprecedented crisis by scaling up their
efforts towards a reliable provision of essential educational,
nutritional, health and child protection services.

Studies of COVID-19 impacts on children’s well-being
and quality of life are warranted to better inform COVID-19
recovery and action plans for the EMR region. Before
COVID-19, the EMR region was historically a region of re-
curring events of wars, natural disasters and political crises
that acted as overwhelming obstacles against efforts to
safeguarding children’s health. Thus, we embarked on a
narrative review investigating short-term changes in the
children’s exposome profile (<18 years old) associated with
the NPI measures that were implemented in the EMR re-
gion from January 2020 to end of January 2021.

METHODS

A series of NPI measures were implemented in mid-March
2020 for most of the EMR countries, including travel bans,
movement and gathering restriction, closure of non-essen-
tial business and schools and eventually the implementa-
tion of a nationwide lockdown; these measures continued
in the following months with variable stringency and inten-
sity/duration.lsy16 Our population of interest was children
below 18 years old as defined by the United Nations Con-
vention on the Rights of the Child.!”

For our narrative review, three search engines were in-
cluded and search strings were implemented between 15t
and 11th February 2021: PubMed, Google Scholar and Re-
liefweb “www.reliefweb.int”, i.e., the humanitarian infor-
mation portal administered by the United Nations Office
for the Coordination of Humanitarian Affairs (OCHA). The
OCHA portal provides daily updates issued by the United
Nations System, governments and inter-governmental or-
ganizations on the status of global crisis and disasters.18
Original research articles and situation reports published
in English between January 15t 2020 and January 315t 2021,
containing in-text the words (COVID AND child$), perti-
nent to any of the EMR countries were initially selected and
screened by two researchers. Publications retained from
PubMed and Google Scholar were first screened jointly by
title to remove duplicates, then by abstracts to exclude edi-
torials and commentaries. Excluded studies were also those
describing epidemiological, clinical characteristics and case
management of COVID-19 infection in children, as well
as studies not tackling the effect of the NPIs on children.
In parallel, the situation reports selected from Reliefweb
were screened to exclude those describing the COVID-19
epidemiological overview; tackling events other than
COVID-19 pandemic such as armed conflicts and displace-
ment, natural disasters (floods, desert storm) or the Beirut
(Lebanon) port explosion (August 4th 2020). Also excluded
were the reports presenting the operational response by
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Figure 1. Flowchart of the selection process for the
peer-reviewed articles and situation reports.

a Description of clinical and epidemiological characteristics of COVID-19 infection in
the population, including children (n=109); Editorials, commentaries, perspectives, pol-
icy briefs and other correspondence (n=68); Provision of case management of COVID-19
in children (n=44); Studies not targeting children (n=42); Not conducted in the EMR
(n=40); Not COVID-19 related (n=17); Describing or evaluating a practice or intervention
(such as online learning, telemedicine, phone-based data collection) conducted during
COVID-19 pandemic (n=16); Describing health or education systems or studies con-
ducted before COVID-19 and the implemented NPI (n=5); Clinical trial protocols (n=3);
Assessing the acceptance rate of the COVID-19 vaccine uptake in the population (n=1);
Simulation of learning losses due to various lengths of school closure in Pakistan (n=1);
Forecasting COVID-19 cases in Saudi Arabia (n=1); Knowledge, attitudes, and practices
of Jordanian children toward COVID-19 (n=1);

b Situational and funding overview, partnerships and operational response (n=123); De-
scription of countries situation and response to other local crises in times of COVID-19
pandemic (n=9; 8 for Lebanon following Beirut Port explosion and 1 for Somalia Deyr
season floods); Tackling families seeking refuge outside EMR (n=4); Not related to chil-
dren during COVID-19 pandemic (n=2).

governments and other supporting agencies, such as those
describing ongoing collaboration between governmental
and non-governmental partners as well as the implemented
activities for supporting the delivery of basic healthcare,
nutritional, and educational services.

Following, all retained publications and situation re-
ports were reviewed and the extracted information was tab-
ulated in a pre-designed ad-hoc synthesis table listing, per
country and per publication, tackled COVID-19 pandemic
measure(s) and their quantitative or qualitative effect mea-
sure on each component of the three exposome domains.
Below, we are describing the impact of the COVID-19 pan-
demic measures on the exposomic profile of children in the
EMR using the three exposome domains.

PATIENT AND PUBLIC INVOLVEMENT IN RESEARCH

Neither patients nor the public were involved in developing
any aspect of this research (it is completely based on the
secondary data), therefore no ethical approval was sought.

» ) o
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Figure 2. Map of the retained publications per EMR
country.

RESULTS

DESCRIPTION OF THE SELECTED PUBLICATIONS

The search yielded 91 hits on Pubmed and 314 on Google
Scholar. The title screening of Pubmed and Google Scholar
records identified 29 duplicates and 12 non-English pub-
lications, which were excluded. Out of the remaining 364
records, full-text screening excluded 348 publications (Fig-
ure 1). In total, 16 peer-reviewed research articles were re-
tained: Saudi Arabia (n=6); Afghanistan (n=3); Egypt (n=3);
Iran (n=2); Pakistan (n=1); Qatar (n=1). In parallel, 674 situ-
ation reports were additionally generated from Reliefweb of
which 174 unique reports targeted EMR countries. Of these,
36 reports were retained: Syria (n=13); Afghanistan (n=5);
3 for each of Iraq, Somalia, Sudan and Yemen; 2 for each
of Lebanon and the Occupied Palestinian Territories; and
1 for each of Libya and Pakistan (Figure 2). As per our se-
lection criteria, no peer-reviewed research articles or situa-
tion reports were retained for other EMR countries, such as,
Bahrain, Djibouti, Jordan, Kuwait, Morocco, Oman, Tunisia
and United Arab Emirates.

DESCRIPTION OF THE RETAINED PUBLICATIONS

More than half (n=10) of the 16 retained peer-reviewed
studies were of cross-sectional design with variable sample
size (range of 67-1507 participants). During the COVID-19
pandemic period, 3 studies described changes in the case
management of children with a certain medical condition in
Iran,!® PakistanZ0 and Saudi Arabia?!; 3 studies described
the delayed vaccination patterns among children in Saudi
Arabia,22-24 while 2 studies looked into children’s behav-
joral changes in Qatar2> and Egypt,26 and 2 others tackled
the impact of home confinement on children’s relationship
with their parents in Qatar?’ and Saudi Arabia.28 Two pa-
pers analyzed the Poliomyelitis surveillance system perfor-
mance indicators as well as national immunization activ-
ities taking place in Afghanistan and Pakistan.2%:30
Retrospective review of medical records was used to study
the impact of home confinement on missed vaccination op-
portunities for Saudi Arabian children (2-12 months old)3!
and on pediatric dental care among Egyptian children (<15
years old).32 One study conducted in Pakistan explored the
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emotional well-being and behavior changes among chil-
dren aged 10-18 years, using a mixed design, targeting 189
school students with a cross-sectional survey and 9 chil-
dren with semi-structured interviews.33 A qualitative study
among 17 mothers in Tehran (Iran) assessed the physical
and mental concerns about their children (7-9 years) as a
result of home confinement measures.34

Furthermore, multiple NPIs were simultaneously tackled
in 36 retained situation reports. The quantitative and/or
qualitative effects of COVID-19 NPI measures (e.g., stay-
at-home-orders, or home confinement) were evoked in 47%
of the reports (n=17)35-51; followed by those of the com-
pound crisis of COVID-19 and other societal crises, such
as ongoing political and economic instability in Lebanon,
the Occupied Palestinian Territories, Somalia, Syria and
Yemen.43:47,:50-60 About 28% (n=10) of the reports tackled
the effects of schools closure on the capacity to access dis-
tance learning and the risk of school drop-out,36,37:40:4347,
48,61-64 ywhile others (n=4, 11%) studied the effects on in-
come losses due to home confinement and reduced eco-
nomic activity.40,:65-67

THE IMPACT OF THE COVID-19 PANDEMIC AND ITS
ASSOCIATED NON-PHARMACOLOGICAL INTERVENTIONS
ON THE GENERAL EXTERNAL EXPOSOME DOMAIN OF
CHILDREN

The COVID-19 pandemic and its associated NPIs affected
three key components of the general external exposome do-
main of children in the EMR: i) socio-economic constraints
and children’s exploitation associated with lost or reduced
family income, ii) limited access to basic health, education
and nutritional services, albeit overstretched in some of the
EMR countries, prior to the COVID-19 period, and iii) men-
tal health and child protection issues.

Lost or reduced family income has been during the
COVID-19 crisis a major issue challenging children’s well-
being and further exacerbating children’s health dispari-
ties. As of July 2020, it was estimated that 11.7% of the Iraqi
population (~4.5 million) were pushed below the poverty
line as a result of the pandemic, while children’s poverty ra-
tio almost doubled from 1 to 2 out of 5 children, when com-
pared to pre-pandemic estimates.®® The COVID-19 pan-
demic in conjunction with the political and economic
instability in Lebanon supported an upward trajectory for
unemployment and poverty rates, affecting both Lebanese
and non-Lebanese communities. Indeed, the COVID-19 cri-
sis put an additional strain to the national inflation rate
escalating from 31% in March 2020 to 89% by June 2020,
as well as to the permanent or temporary loss of income,
affecting more than 220,000 individuals, since October
2019.57 As a result, it was estimated that approximately
one-third of the Lebanese population would have fallen
into extreme poverty during 2020. As for the Syrian
refugees in Lebanon, ~90% of Syrian refugee households
(n=4,563) across all the Lebanese districts lived below the
extreme poverty line in August/September 2020, when
compared to 55% in mid-2019.47 Similarly for the Occupied
Palestinian Territories, the socio-economic situation was
worsened during the COVID-19 pandemic, impoverishing

more families and compromising their capacity to sustain
their children’s education (risk of school drop-out).*3 A
family survey in Afghanistan (n=409 families) in June 2020
showed a noticeable loss of income for about half of them
(47%); about 90% of participating families reported a debt
increase amidst lower humanitarian aid and negative cop-
ing mechanisms reportedly adopted by households to over-
come shortage of income.0 Among families with reduced
income, almost half of them reported engaging their chil-
dren with the labour market, 11% reported sending them to
street begging, 8% reported sending their children to rela-
tives for food provision purposes, while 6% reported mar-
rying off their minor daughters.40 Most participating fami-
lies reported school drop-out and child labour as their most
significant concerns for their children (69% and 52%, re-
spectively), followed by early child forced marriages (16%)
and child abuse (13%).41:68 An increasing number of chil-
dren (10-16 years old) was involved in various forms of
labour, such as shoe polishing, carrying loads, and col-
lecting garbage, according to a multi-sectoral situation re-
port issued in May-June 2020.39 A similar scenario was
also showcased in a two-round survey (August and October
2020) among Syrian and other refugee households (n=1605,
round 1 and n=1653 in round 2) sampled from all gov-
ernorates of Iraq. Child labour and child marriages were
increasingly reported by households as emerging trends
to tackle economic downturn and generate family income
(42% and 17% of households in round 2 and 8% and 1% in
round 1, respectively).41.68 The trends of various forms of
child exploitation were reportedly on the rise in Yemen and
Syria with escalating child protection concerns. In Yemen,
a field visit by UNHCR in July 2020 highlighted the in-
creasing exposure of internally displaced children to labour,
street begging and early marriage.®® In Northwest Syria, an
increase in financially-driven negative coping mechanisms
was also noted with an increasing number of families re-
sorting to child labour, street begging and various forms
of sexual abuse, such as forced prostitution, early and/or
short-term marriages and abortions.58,65:69-71

Children’s deprivation from basic services - already
prevalent in some of the EMR countries in the pre-
COVID-19 era - was another major area of concern during
the COVID-19 pandemic period. For instance, as early as
March 2020 and right after the implementation of national
lockdowns, the access of children to basic education and
protection services in the West Bank of the Occupied Pales-
tinian Territories and in Yemen was further compro-
mised.3645 In the EMR region where progress towards uni-
versal access to education is still stalled for various reasons,
the pandemic driven closure of educational institutions
further exacerbated the unequal access to distance/alterna-
tive learning opportunities, thus favoring the risk of school
drop-outs among the most disadvantaged groups.’? In the
Occupied Palestinian Territories, about half of the school-
aged population of the Gaza strip (575000 children and
teenagers) were lacking access to information and technol-
ogy infrastructure (such as power supply, computers and
internet) as of December 2020.43 Similarly in Iraq, around
30% of the school-aged population or approximately 37
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million were lacking access to education when school clo-
sure was ordered on February 27th 2020.62 Later in June,
despite efforts of providing alternative and distance learn-
ing solutions by the Iraqi government and operating agen-
cies, it was estimated that around 10 million were still left
out of school.* Low percentage of at-home learning was
also prevalent among families seeking refuge in Iraq be-
tween August and October 2020; only 41% of girls and 36%
of boys continued home learning activities, despite engage-
ment of schools and communities in e-learning from home.
Barriers of distance learning were primarily identified as
the inability of parents to support their children’s learning
process, as well as the lack of access to electronic resources,
such as smart devices.#! Similar estimates were reported
among Syrian refugee families in Lebanon with only 35%
of school-aged children between 6 and 17 years old having
some sort of access to distance learning.4’ Access to educa-
tion was even lower in northwest Syria, where only 10% of
415,000 children were attending school via distance learn-
ing as of May 2020.63 In September 2020, around 82% of
key-informants reported through the Child Protection Area
for Responsibility that children in northwest Syria were en-
gaging into a form of child labour, which prevented them
from continuing their education.50 In Afghanistan, where
an estimated 3.7 million children were already out of school
before the pandemic, more than 8 million children were de-
prived from several months of schooling during 2020.37:48;
73 Less than half of participating families (n=410) practiced
distance learning for their children in a survey conducted
in July 2020 in Herat, Ghor and Badghis, Afghanistan.”4
School closures in Afghanistan was therefore perceived to
exacerbate the risk of school drop-out, unpaid child labour
and early marriages, particularly among the economically
stressed families.”>75-77 An increased risk of school drop-
out was also reported for children in Libya; as schools were
to resume towards the end of 2020, it was projected that
many children would not have access to distance learning
tools from home, risking school drop outs.6!

Children’s access to essential health services was also
disrupted because of the lower availability of medical ser-
vices, supply and logistics or due to movement restrictions
imposed during the COVID-19 pandemic. As of June 2020
in Afghanistan, a significant reduction in the uptake of
routine reproductive, maternal, newborn, child and adoles-
cent health services was observed, because of the quaran-
tine measures and movement restrictions, but also because
of the de-prioritization of healthcare by fear of contract-
ing COVID-19 virus.?8 Similarly in Pakistan, access to HIV
health services was adversely affected by the lockdown,
thus, challenging treatment adherence to an ongoing out-
break among children under 14 years old, since April
2019.42 Also, children with intellectual disabilities were
lacking access to physical and psychosocial therapy in Pak-
istan, as highlighted in a study among 67 parents, who
at least 37% expressed difficulties with keeping in touch
with their therapist.20 A decline in access of rehabilitation
programs, physiotherapy and psychosocial counseling was
observed among children with disabilities in Syria during
the pandemic.>® In Egypt, emergency dental visits and the

number of children (< 15 years old) seeking dental services
was reduced by half in the 20 days following the implemen-
tation of the lockdown, as compared to the 20 days period,
prior to the lockdown.32

Vaccination services were also interrupted leaving mil-
lions of children across the EMR with missed immuniza-
tions. In Pakistan, the cancellation of nationwide vacci-
nation campaigns since April 2020 left around 40 million
children without their Poliomyelitis vaccination.2? In Sudan,
around 110,000 children missed out their essential vaccina-
tion services because of closed health clinics.45 The choice
of delaying vaccination of children was a parental decision
by fear of contracting the virus in Saudi Arabia; a national
study conducted in May 2020 among a convenient sample
of 822 parents of children (< 4 years old) revealed that 47%
of them expressed difficulties completing their child’s vac-
cination during the pandemic, while 24% missed their vac-
cination schedule during the pandemic,22 while a third of
children (< 6 years old) missed out on their vaccination dur-
ing COVID-19, particularly because of fears visiting health-
care facilities between July and September 2020 (n=494 par-
ents).23 Similarly, a study conducted in June 2020 among
749 parents conveniently sampled in the Qassim region
of Saudi Arabia, showed that vaccination for children (< 2
years old) was delayed by >2 weeks for about half of the
respondents and more than a month for 23% of respon-
dents, while fear of contracting the SARS CoV-2 virus was
the most common reported reason for delayed vaccination
(61%).%4 This trend of missed vaccinations was also docu-
mented in a retrospective review of hospital-based vaccina-
tion records of 15,870 children (2-12 months) in Saudi Ara-
bia, comparing the number of vaccination visits between
the 2017 and 2020 periods; the number of vaccinations dur-
ing 2020 was the lowest among the past 4 years (by almost
one fourth) with only 1,735 visits in 2020 when compared
with 4,501 in 2019; 4,593 in 2018 and 5,041 in 2017.31

The psychological impact on the EMR children associ-
ated with the socio-economic distress, disruption of es-
sential services, and movement restrictions was quite no-
ticeable in the region during the COVID-19 pandemic.
Worrisome concerns of rising child exploitation and pro-
tection issues with increasing observations of gender-based
and domestic violence, physical and emotional abuse and
harassment were noted in several country situation reports
of Afghanistan,3840 northwest Syria>%6675 and Yemen.®%
Access to child protection services was challenged due to
COVID-19 restrictions, as noted in Sudan in June 2020,
where the identification of children under stress at school
and child-friendly spaces was impeded by school closures
and movement restrictions.4® In Lebanon, the number of
child protection case management requests decreased by
39% in September 2020 when compared to mid-2019 re-
quests, namely because of the COVID-19 mobility restric-
tions, adversely impacting on the timely identification of
referral cases. Nevertheless, case requests for management
of child violence (e.g., psychological abuse) almost doubled
in June 2020, when compared with pre COVID-19 period.>7
Based on 2020 estimates for Sudan, access to prevention
and child protection services for 45,408 cases of care seek-
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ing among female survivors of sexual violence aged 15-49
years old was severely challenged by the COVID-19 mobility
constraints.46

Laziness and boredom were the most commonly re-
ported feelings by children between 10 and 18 years old
during the COVID-19 pandemic period as reported in a
qualitative study (n=9) and a quantitative study (n=189) in
Pakistan during May 2020.33 A survey in Egypt during May
2020 (n=1507 school children, 6-14 years of age) showed
that sleep patterns for almost 96% of quarantined children
were somewhat affected (either in terms of duration, time,
quality, difficulty falling asleep, or returning to bedwet-
ting).2> Worries about the COVID-19 pandemic took the
form of constant inquiry about symptoms and their severity
for most of children (90%), while 26% of them reported fre-
quent checking for symptoms, looking at the mirror to as-
sess if they look healthy (23%) or asking their parents to
take their body temperature (8%).25 Children’s worries were
also expressed via their inability to carry out their usual
daily activities (47%) and their excessive use of handwash-
ing and disinfectants (43%), while 46% of them reported
no longer being able to carry out their usual daily activ-
ities.25 Aggressive behavior was the most reported mood
and behavior change (58%), while loss of concentration was
a major parental concern as children were reportedly not
being able to complete their assignment or to answer sim-
ple questions (38% and 24%, respectively).2> Nevertheless,
other studies pointed out the reduced conflict score and in-
creased closeness score, modified from a Child Parent Re-
lationship scale among children and their parents during
home confinement, particularly because of longer hours
spent at home together; a convenience sample of parents
(n=377) in Saudi Arabia between April and June 2020
showed reduced tension during lockdown as compared to
pre-lockdown period.28 The positive association between
parental engagement in activities and enhanced mental
health for children during home confinement was high-
lighted in a national study among parents (n=308) that took
place in Qatar between June and July 2020.27

THE IMPACT OF COVID-19 AND ITS ASSOCIATED NON-
PHARMACOLOGICAL INTERVENTIONS ON THE SPECIFIC
EXTERNAL EXPOSOME DOMAIN OF CHILDREN

With the suspension of immunization activities and the im-
posed mobility/contacts restrictions due to the pandemic,
the resurging risk of pediatric vaccine-preventable diseases
is not to be neglected in the EMR region. This could be fur-
ther exacerbated by the parental choice of delaying their
children’s vaccination until the end of the pandemic.
Measles outbreaks continued to be reported across Somalia
with hundreds of cases as of September 2020.78.79 The iso-
lation of vaccine-derived poliovirus (VDPVs) from both en-
vironmental and human samples in Somalia and Sudan be-
tween July and September 2020 were highly suggestive of
poor vaccination coverage, hence, warranting for urgent
vaccination campaigns to protect millions of children in
the affected areas.80-84 In Afghanistan, where poliomyelitis
was reportedly eliminated in 96% of the country’s jurisdic-
tion, a total of 41 confirmed cases of Wild Poliovirus Type 1

(WPV1) appeared as of August 2020, when compared to 29
and 21 cases in 2019 and 2018, respectively.30

Communities in the EMR with persistent challenges in
accessing safe water, sanitation and hygiene may be par-
ticularly vulnerable due to the COVID-19 crisis. In
Afghanistan, the increased time spent by girls and women
in fetching water as compared to pre-COVID-19 levels put
them at higher risk of contracting the virus.38 As of Novem-
ber 2020 in Sudan, lack of access to basic sanitation was af-
fecting ~63% of the population; about 40% of the popula-
tion was lacking access to drinking water services and 23%
had no access to hand-washing facilities. In Sudan, cases of
water-borne and diarrheal diseases have been on an upward
trajectory doubling in October 2020, up from 5.6 million
cases in April 2020 during the implementation of COVID-19
response measures and the natural disaster (floods) that se-
verely affected the country.4>

Dietary habits of children were also affected by the pan-
demic risk management and its NPIs. A crisis of emergency
food insecurity was flagged in several EMR countries, be-
cause of reduced family income and increased food basket
prices. In Syria, the price of an average food basket in No-
vember 2020 increased by 250% when compared to the pre-
vious 12 months, placing more than 4.5 million children in
need of humanitarian assistance.50 In Afghanistan, the lev-
els of food insecurity by the end of 2020 were similar to
those observed during the 2018 drought; between Novem-
ber 2020 and March 2021, an estimated 16.9 million were
facing a crisis of food insecurity’3; the survey (n=409 fam-
ilies) conducted in June 2020 highlighted the coping mea-
sures by the families who reported decreases in daily meal
consumption rate (32%), while the proportion of children
having 3 meals per day decreased by 4% (from 64% to 60%)
when compared to pre-pandemic levels.40

On the other hand, the adoption of a sedentary lifestyle
driven partially by stay-at-home-orders during the
COVID-19 crisis favored the choice of unhealthy dietary
habits, as showcased in a convenience sample among 765
parents across Egypt (May 2020, after two months of lock-
down)2®; changes in dietary patterns of their children (4-16
years old) were on the rise as noted for late night snacking
(53%), sweets and unhealthy food consumption (46%), fre-
quent snacking between meals (38%) and increased ap-
petite (31%).85 Increased mood-driven eating was similarly
observed among the 1507 surveyed school children in Egypt
(78%), along with changes in sleeping patterns (avoiding
bedtime, difficulty falling asleep) (96%).25

THE IMPACT OF COVID-19 AND ITS ASSOCIATED NON-
PHARMACOLOGICAL INTERVENTIONS ON THE
INTERNAL EXPOSOME OF CHILDREN

The historically prevalent phenomenon of severe acute
malnutrition (SAM) in the EMR region during the past few
years was further exacerbated during the COVID-19 pan-
demic, because of food insecurity challenges. As such, there
was an increased risk of wasting and stunting (impaired
growth and development) among children in several EMR
countries, such as Pakistan4? and Somalia.>> Intervention
efforts to tackle the high prevalence of wasting among
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young children in Pakistan, affecting 1 in 6 children as per
estimates of 2018 were challenged in 2020 by the COVID-19
pandemic, posing an alarming threat to under-five chil-
dren’s mortality rates.#2 Between January and November
2020 in Somalia, the total SAM admissions exceeded the
2020 annual target of the United Nations International
Children’s Emergency Fund (UNICEF) by 60%, and the over-
all country burden by 20%.5% In Syria, SAM cases increased
by 70% between March and December 2020, as compared to
the same period in 2019.50 Approximately one third of chil-
dren < 5-years old experienced stunting, representing a 5%
increase between January and October 2020.5¢ In Yemen,
“the window for preventing famine was closing” as warned
by the United Nations in December 2020, with pockets of
famine-like-conditions returning to the country after two
years; The number of families experiencing high levels of
food insecurity was estimated to triple during the first six
months of 2021, escalating from 16,500 in 2020 to 47,000
between January and June 2021.53 After 80 days following
the lockdown in Iran, weight gain was reported by 17 moth-
ers for their children (7-9 years) due to a sedentary lifestyle
and changes in dietary patterns.34

Children with a pre-existing medical condition were also
affected by the mobility restrictions, home confinement,
and modifications in case management during the pan-
demic. According to a study conducted during April-June
2020 on a sample of type 1 diabetic children (n=150, 2-18
years old), the proportion of those taking 4 daily doses of
insulin increased from 25% before the lockdown to 33%
during the lockdown as the proportion of those following
an unhealthy diet had doubled during the same period.2!

DISCUSSION

This comprehensive analysis puts forward important issues
of children’s health in the EMR through the calamity of
COVID-19 and its implemented NPI measures. Various
child support programs have been impeded during the pan-
demic in several EMR countries that historically face enor-
mous children’s health challenges, thus hindering the
progress in the field. The human exposome concept pro-
vided us with a comprehensive characterization of the chil-
dren’s exposome profile in the EMR as impacted by the
suite of implemented NPI measures during the pandemic.
This work highlighted the wider impact the COVID-19 pan-
demic on children’s health and wellbeing that appears to be
disproportionately affecting children of lower- and middle-
income countries, such as those in the EMR region.

The analysis of the literature for the children in the
EMR region made quite obvious that the suite of pre-pan-
demic basic health and educational services of childhood
was disrupted or made less available during the pandemic
period, all compounded by stark socio-economic, psycho-
logical, and access to nutrition disparities (all part of the
general external exposome domain). This unfortunate se-
ries of obstacles on the availability and reliable implemen-
tation of health policy programs and services during the
pandemic for the EMR childhood was accompanied by a
series of changes in the children’s specific external expo-
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Figure 3. A schematic illustration of the children’s
exposome components impacted by the COVID-19
response measures in the EMR as documented by the
retained publications (in dark green) and those
exposome components not discussed in the retained
publications (in grey).

some domain (e.g., unhealthy dietary patterns, sedentary
lifestyle and increased risk to communicable diseases).
Molecular epidemiology and biomarker studies to reflect
the endogenous response due to external stimuli (internal
exposome domain) were not available for the EMR region;
rather, the most frequently studied component of the inter-
nal exposome domain of the EMR children during the pan-
demic was the impaired growth due to sub-optimal nutri-
tion.86

Although operational responses continue to be imple-
mented during the pandemic period, albeit less in fre-
quency and reach-out, supporting access to education for
all children in the EMR remains most challenging, partic-
ularly for children living in countries affected by political
instability and armed conflict, children of refugees and in-
ternally displaced populations. The dual shock of the
COVID-19 pandemic and the reductions in oil price cost
(~116 billion U.S. Dollars, or 3.7% of the region’s GDP) for
the MENA region37 did not help to sustain efforts towards
bridging gaps and disparities fueled by socio-economic dis-
parities. Fragile incomes of mainly low-income families,
refugees and displaced groups, were the “first ones to dis-
appear in situations of lockdowns”, thus further increas-
ing their vulnerability to pandemic stressors.88 Millions of
children worldwide, mostly belonging to low-income fam-
ilies and refugees could be pushed into the labour market
during the COVID-19 period, hence leading the first rise
in children’s trauma and violence metrics after 20 years of
progress in the field, as stated by the International Labour
Organization and UNICEF.”2 In the MENA region, where 1
in 10 children were engaged in some form of child labour
between 2009 and 2015, this ratio is expected to grow dur-
ing the COVID-19 period, thus, increasing children’s vul-
nerability to a suite of environmental stressors.39-91 More
alarmingly, as psychological distress and negative coping
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mechanisms increase, children are at a higher risk of do-
mestic and gender-based violence, increased street work
and begging, engagement in illegal activities as well as in-
creased risk of arrest and detention.?2 Hence, their expo-
sure to physical, biological, and chemical hazards as well as
psychological distress causing injuries and illnesses are ex-
pected to increase in the near future.

Child marriage (before they reach their 18th birthday) is
another social issue already prevalent in the region. Years
of planned efforts to end child marriages are at risk due
to COVID-19 related projections for an additional 13 mil-
lion child marriages between 2020 and 2030, worldwide
(mostly in the MENA region) that could have otherwise
been prevented.?394 Mental health impacts due to the eco-
nomic and social distress, such as post-traumatic stress
were indeed noted across several countries since the first
COVID-19 stay-at-home-orders.”3 With the disruption of
curricular activities along with their ambiguously planned
resuming dates in some of the countries on one hand, and
fears of losing a relative to COVID-19, children might be
prone to experiencing feelings of anxiety and insecurity
about their future, as well as lack of attention/concentra-
tion and reduced ability to perform usual daily activities.
Further, home confinement was associated with prolonged
unsupervised screen time, subjecting children to inappro-
priate online content, sexual exploitation and cyber bully-
ing, which might lead eventually to intentional self-harm
and suicidal ideation.?* Nevertheless, a potentially benefi-
cial effect of NPIs was noted, as some studies showed posi-
tive association between parental engagement in activities
and enhanced mental health for children.27-28

Missed or delayed vaccinations in the region with sub-
optimal vaccination coverage during the COVID-19 period
have put millions of children at higher risk of pediatric
vaccine-preventable diseases. In case immunization activi-
ties are suspended for quite longer than the lockdown pe-
riods, millions of children in the region will be left with
a lack or incomplete vaccination against essential vaccine-
preventable diseases, hence holding back decades of efforts
made by governments and health organizations in reducing
related-morbidity and mortality as well as achieving elim-
ination or eradication goals.9>% As five out of six WHO
regions were certified polio-free in August 2020, the
COVID-19 crisis is hence posing major threats in hindering
the eradication efforts that have been achieved during the
past decade in the EMR.30

UNDERSTUDIED EXPOSOME COMPONENTS OF
CHILDREN’S HEALTH IN THE EMR

Looking through the lens of the human exposome, numer-
ous components of the specific external and the internal
exposome domains were not tackled in any of the retained
reports and publications for the EMR childhood popula-
tion. Although temporary reductions in the concentrations
of ambient gaseous and particulate air pollutants globally
and regionally were noted during the COVID-19 lockdown
periods around the globe, these air pollution metrics were
not tackled in any of the selected studies.?”-100 The link
between ambient indoor and outdoor air pollution and ad-

verse health outcomes is well established in the region;
Nevertheless, research on the negative health impact of air
pollution is already scarce in the region, as this is not quite
yet perceived as a public health priority, struggling with
other existing pressing public health challenges, such as
the prevalence of communicable diseases.101,102

Mobility restrictions further increased children’s time
spent indoors, being more prone to indoor air pollution.
Some studies in the EMR showed positive associations be-
tween children’s (between 6 months and 15 years old) ex-
posures to indoor stressors, such as Arabian incense burn-
ing, 103,104 second hand smoking,105:106 indoor pollutants
and allergens,107-112 and house dust mitell0 and a suite
of respiratory and neurologic health outcomes (such as
asthma, respiratory complaints and lung function) in coun-
tries of the EMR region (Oman, Egypt, Qatar, Iran, Kuwait,
Saudi Arabia, Sudan, Lebanon and Libya). Other forms of
indoor pollution arising from poor housing and infrastruc-
ture conditions (such as mold, damp walls and floors, leak-
ing pipes) were linked to adverse acute and chronic health
effects among children.!!! Disinfection-by-products were
associated with a wide intentional/unintentional use of al-
cohol-based hand sanitizers and disinfectants during the
COVID-19 pandemic as documented for children during the
COVID-19 confinement periods. A growing number of
chemical poisoning incidents from the inhalation of clean-
ing and disinfection products among children were re-
ported in other parts of the world during the pandemic pe-
riod when compared with those of previous years.113.114
Nevertheless, up to date, no studies have tackled the effects
of such exposures in the EMR region during the COVID-19
crisis.

As access to recreational parks and outdoor playgrounds
is restricted while stay at home orders prevail, children
would likely favor sedentary activities, such as watching
television, playing video games, and increased screen time.
Children’s sleeping patterns might also be altered with ex-
tended bedtime and allowed prolonged recess during the
day. Dietary habits would be also affected, as confined chil-
dren would likely increase the consumption of ul-
tra-processed, calorie-dense comfort foods and ready-to-
eat meals by children between 3 and 16 years old in Dubai,
United Arab Emirates.85

These lifestyle and behavioral exposures of the general
and specific external exposome domains of the children
would have been imprinted onto their endogenous re-
sponse. Perhaps the most tangible outcome would be a
change in children’s body weight. With the disrupted nu-
tritional services and the exacerbated food crisis, the im-
paired growth development among children was the main
issue of concern as millions of families are approaching the
famine-like conditions, particularly in Yemen.>3 However,
none of the retained publications tackled the decreased
physical activity and increased unhealthy eating, making
children more prone to gain weight and facilitating the
gradual accumulation of abdominal fat. The prevalence of
overweight preschool children (< five years old) ranged be-
tween 2% in Oman and 20% in Syria; concerns over increas-
ing prevalence of diseases associated with childhood obe-
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sity (e.g., metabolic syndrome, hypercholesterolemia, fatty
liver disease, type II diabetes, asthma, sleep apnea) were
also raised over the past years in several studies conducted
in the region.113.115 On the other hand, stunting of growth
prevailed among malnourished children in the region; es-
timates ranging from 8% in Qatar to 53% in Yemen were
more likely to be exacerbated among children undergoing
severe malnutrition in countries facing food crisis.114

The effects of COVID-19 response measures on the hu-
man endogenous response taking the form of a suite of
targeted molecular biomarkers have not been effectively
tackled for the EMR. Nevertheless, studies have been con-
ducted to assess the changes in inflammatory, hematologic,
and biochemical biomarkers in association with COVID-19
infection and disease severity among children and
adults.116-120 Ope study conducted among different age
groups in Italy did not document any changes in
1a,25-(0H)2D in association with home confinement.!1?
Although not studied among children yet, the impact of
changes in diet and lifestyle resulting from COVID-19 lock-
down on serum biomarkers in children such as the reduc-
tion in vitamin D is speculated.120 Hence, evaluating the
variability in the internal exposome of children as a result
of external COVID-19 pandemic measures would offer valu-
able insight on possible long-term adverse health out-
comes.

The strength of our narrative review lies in the holistic
approach embodied by the exposome framework, allowing
for the comprehensive and simultaneous assessment of the
impact of COVID-19 response measures on the network
of population-level and individual-level environmental ex-
posures for the children of the EMR. In contrast to the
conventional epidemiological tools using the single expo-
sure-outcome approach, the exposome concept — in the
particular context of the COVID-19 crisis - showcased the
methodological framework and its tools in assessing how
the intertwined COVID-19 response measures and their
cross-cutting repercussions would affect the overall well-
being and quality of life for the EMR children. Our review
could serve as an example on the utility of the exposome
framework in designing and facilitating the implementa-
tion of COVID-19 action and recovery programs. Never-
theless, standardizing the recovery actions and programs
for the whole EMR region might be further challenged by
the existing inequalities and vulnerabilities between and
within the EMR countries. Additionally, for the develop-
ment of sustainable recovery programs, it is important to
assess the medium- and longer-term impact of COVID-19
response measures on children’s health. Equally important,
is that by pooling results from reports generated for differ-
ent EMR countries, there is a risk for high heterogeneity
in the observed trends, impacting the generalization of the
findings.

The EMR is an understudied region with respect to its
children’s health, let alone during a global crisis like the
COVID-19 pandemic. Thus, this review brings forward up-
dated research and knowledge gaps about children’s health
profile that authorities and international entities could
start filling in the near future.

CONCLUSIONS

To the best of our knowledge, this work is the first to com-
prehensively examine the overall impact of COVID-19 mea-
sures on children’s health and quality of life metrics in
the EMR region, using the exposome concept.!22 It was
highlighted that the magnitude and severity of the
COVID-19-related NPIs impact on the region’s children
health and well-being was compounded by the EMR re-
gion’s lower- and middle-income status. Efforts by national
and international programs to tackle historical EMR chal-
lenges of child protection, promotion of education for all
children, and eradication of malnutrition and pediatric in-
fectious diseases seem to be at risk during the COVID-19
crisis, either due to inaction or suspension of children’s ser-
vices and programs in the EMR. It is of utmost importance
to include the above-mentioned challenges into strategic
COVID-19 recovery programs, such as the CAP2030 ini-
tiative,10 or in programs that reflect international human
rights, such as the 1989 treaty on the United Nations Con-
vention on the Rights of the Child.

Thus, a comprehensive reform and recovery plan tack-
ling root causes of the pandemic response measures (e.g.,
lockdown, and other NPIs), which have stalled progress on
children’s health, is warranted. The exposome lens would
be most useful in comprehensively considering all relevant
children’s exposome components that drive children’s
health status and trajectories. Such plan can be efficiently
deployed only when sought in conjunction with the 17 Sus-
tainable Development Goals (SDGs).123 Amidst a current
resurge in the number of COVID-19 cases in the EMR region
and elsewhere, regional authorities and governmental bod-
ies are urgently pledged to consider the impact of the suite
of COVID-19 response measures on every single exposome
component of each of the exposome domains towards the
deployment of multi-sectoral comprehensive action and re-
covery plans to the benefit of the children in the EMR re-
gion.
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Table 1. Summary of the impact of non-pharmacological interventions deployed during the COVID-19 pandemic
on children’s health in the Eastern Mediterranean region, by exposome component.

Non-
Pharmacological Exposome Outcome Country
Intervention
Increasing acute and chronic malnutrition in children 6-59 Syria50:5154.56,59,
months; Aggravated nutritional status for children under 5; 60,
Increased risk of under 5 mortality Pakistan42
Food supply Afghanistan36.38.
Projected increase in emergency food insecurity; Reduced 40. Lebanon4’;
quantity of available meals for children Yemen53,;
Somalia®®
) Increasing negative coping mechanisms and gender-based Afghanistan37:3%.
Protection violence; Decreasing identification of children needing 40.75-77. Sudan?6.
and ) psychosocial assistance; 49
Psychosocial
support Increasing child labor, forced prostitution, forced abortions Svriat5:67
and early/forced marriages Y
Afghanistan40;
Collective Irag41.66;
COVID-19 . . . - 47,57.
Socio- Increasing poverty rates; Reduced financial capabilities; Lebanon. ’
related . - . - S . Occupied
o economic Increasing negative coping mechanisms; Increasing number of -
restrictions K A N Palestinian
e status children in need of assistance S 43,
(mobility; stay- Territories™?;
at-home orders) Syria®0.587071121.
Yemen>2
H 48.
Reduction in uptake of healthcare services; Reduction in child Afghanlst_an ’
- R o Occupied
health and nutrition services; Decline in access to -
rehabilitation programs, physiotherapy and psychosocial Palgstnman
counsellin Territories*#;
g Syria®0; Yemen3>
Healthcare Incomplete adherence to anti-retroviral HIV treatment Pakistan*2
access ; 38,73.
Lack of access to water and hygiene facilities Afghanlstazls ’
Sudan
Missed vaccination opportunities; Increase in the number and .30
. . . - AfghanistanY;
geographical spread of poliomyelitis; Continuous spread of R 29
X . . o Pakistan<7;
Measles and vaccine-derived Poliomyelitis; Threat of water- ._79 45
. - Somalia’7; Sudan
borne and diarrheal diseases
Afghanistan37:40,
48;
Irag41:62.64,
. Challenged access to distance learning; Increasing risk of Lebanon47;
Education Y .
drop-out Libya®*; Occupied
Schools closure Palestinian
Territories43;
Syria%3
Immunization Delayed or missed vaccinations Saudi Arabia®;
activities Y Pakistan2?
25,26. 19,
Protection Changes in sleeping; Psychological changes (Increased anxiety, Egypt 34, Iran
and irritability and aggressiveness; feelings of fear and loneliness); Y
. . . Qatar</;
Psychosocial Increased self-perceived health and physical concerns; . 08,
support Conflict with parents Saudi Arabia™;
Pakistan33
Home Diet Changes Fn eating patterns (eating in Iatg hours of the night, Egypt?S
confinement overeating or losing appetite; changes in consumed food)
32. H
Decreased uptake of pediatric dental services; Effect on case Egﬁ;biﬁgyd'
Healthcare management of children with underlying condition Pakistanzb
access
H i422,23,
Delayed vaccination by fear of contracting Sars-CoV-2 SaugifASaE)i;aSl
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