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ABSTRACT

Background: Yemen is a poor country facing armed conflict which significantly disrupted the
Health System. Yemen reported fewer COVID-19 cases than neighbouring countries, yet the
case fatality rate (19.6%) remained five times the global average. Conflict typically hinders
surveillance, however obtaining representative mortality and morbidity indicators remains
essential to efficacious epidemic planning. We aimed to explore challenges hindering COVID-
19 surveillance in Yemen and opportunities for addressing them, to increase surveillance
effectiveness in such conflict and resource-constraint settings.

Methods: Qualitative study question guide was used for in-depth interviewswith 30 healthcare
workers who worked in Yemen'’s surveillance system during the pandemic. Participants were
recruited through in-country gatekeepers using a ‘snowball’ sampling technique. Thematic
framework analysiswas used.

Findings: A basic level of preparedness existed following responses to previous epidemics,
including activating Rapid Response Teams (RRTs), and electronic disease surveillance.

Key challenges included the ongoing conflict, an unstable health system, minimal infrastructure
restorations, misinformation, community incompliance, and inadequate laboratory diagnostics
or transportation capabilities. Participants recommended addressing these barriers through
strengthening RRTs, transportation and laboratory testing capacities, implementing community
awareness campaigns, alongside improving primary health care services and inter-governorate
governance.

Conclusion: Active community surveillance by RRTs supplemented with community volunteers is
imperative and necessary nationwide. National community awareness campaigns on case detection,
reporting, and addressing misinformation are essential to implementing such community
surveillance. Increased utilization of mobile laboratories could enhance laboratory testing capacity in
underserved areas. For each recommendation to be effectively implemented, the international
community must provide sufficient resources and financial aid.
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What does this study add? e The findings revealed the Yemeni surveillance

system’s unpreparedness to report COVID-19
e This study is important as it provides insight into cases and deaths during the pandemic, due to
why Yemen reported a low number of COVID-19 socio-cultural, capacity, financial, and political
cases on the WHO dashboard, indicating a preva- reasons, which significantly restricted performing

lence of 4% in Yemen, significantly lower than the both  facility-based and  community-based

27.4% prevalence estimated by the sole seropreva-
lence study conducted there.

Using Yemen as an example of a fragile health sys-
tem operating in times of war and humanitarian
crisis, this study examines barriers that hindered
COVID-19 surveillance.

surveillance.

The study identified what needs to be done to
improve surveillance effectiveness in Yemen
as an example of conflict- and resource-con-
strained settings for robust global pandemic
control.
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Introduction

The COVID-19 pandemic has remained a global con-
cern [1] since January 2020 when the World Health
Organization (WHO) declared it a Public Health
Emergency of International Concern [2-4]. By 18
October 2023, 771,407,825 confirmed cases, including
6,972,152 deaths, were reported to WHO [5] by over
200 countries [1, 6]. Several of these nations are
Low-middle-income countries (LMICs) with limited
surveillance resources, which delayed case reporting
and identification when compared with high-income
countries at different stages of the pandemic [6-9].

Surveillance involves a continuous, systematic col-
lection, analysis, and interpretation of data about
cases and deaths which is essential for pandemic con-
trol responses [10]. Maintaining functional surveillance
systems is important to identify the COVID-19 burden,
deaths, and long-term implications, as well as reducing
transmission of infections [11-15]. The WHO guide-
line provides case definitions for confirmed, probable,
and suspected cases, which allow for comparisons of
the burden between countries [16]. Cases may be ident-
ified utilizing each component of the WHO surveil-
lance framework: (1) monitoring suspect and
probable cases, (2) community surveillance, and (3)
active case finding, in addition to (4) laboratory testing
data and (5) modelling, seroprevalence, and (6) mor-
tality studies [17]. Modelling involves mathematical
estimations of the epidemiological situation after con-
sidering transmission parameters alongside interven-
tions’ effectiveness, but its relevance decreases if
health system capacity and other contextual factors
are not properly considered [18]. Seroprevalence
studies provide greater accuracy since they detect
SARS-CoV-2 antibody prevalence in the community
therefore incorporating asymptomatic and mild cases,
hence their use in monitoring community transmission
and case fatality rate [19]. While mortality studies pro-
vide an unbiased understanding of the epidemic impact
by identifying total excess (direct and indirect) mor-
tality and comparing variations in mortality with
expected seasonal levels [20].

The WHO recommends immediate isolation of
probable/suspected cases in epidemic situations,
using Rapid Response Teams (RRT's) for case identifi-
cation and obtaining samples for Polymerase Chain
Reaction (PCR) testing [21]. WHO recommends ten
days of isolation from COVID-19 positive results or
symptoms onset [12, 15]. When testing is inaccessible
or unaffordable, probable cases should be identified
and isolated [6, 12, 16]. Home isolation is preferential
for mild and moderate cases, whilst medical treatment
is required for severe cases [12, 15]. Contacts of both
probable and confirmed cases should be traced and
quarantined for 14 days if they experienced face-to-
face contact [12, 15, 22].

In epidemic situations, notifications of sympto-
matic cases (passive surveillance) should be comple-
mented by active case finding (active surveillance)
which involves proactive monitoring and identifi-
cation of undetected cases within communities [14].
Community surveillance necessitates involving com-
munity members in detecting and reporting both sus-
pected cases, and those who rely on self or alternative
medication and are unwilling or unable to access
health services [23]. Active surveillance enhances
case identification and isolation, especially asympto-
matic cases which account for 30% of infections,
thus preventing further infection transmission if com-
bined with testing [24]. Passive community surveil-
lance (through volunteers or hotlines) complements
routine surveillance and bolsters the early warning
capability of health systems during epidemics [25].
Adequate testing capacity is essential for effective sur-
veillance, and establishing a system for collecting and
analysing laboratory data facilitates reliable epidemic
monitoring and guidance of interventions [14].

Countries utilized multiple methods for case
identification during the pandemic to prevent the
rapid transmission of COVID-19, these included
checking travellers’ temperature and screening at bor-
der points, schools, universities, workplaces, health
facilities, and other public spaces [22, 26-33]. Resource
availability played a vital role in maintaining effective
surveillance activities and thus proper case identifi-
cation, reporting, and notification; inadequacies of
such health and government resources remain a barrier
and challenge to surveillance and pandemic control [8,
27-32, 34-37], especially within LMICs [6, 14, 31].

Yemen is a LMIC [38] facing political instability
which predates the current war starting in 2014.
Yemen consists of 22 governorates and 333 districts
[39], yet the conflict has divided the nation further
into several regions with different ideological and pol-
itical directions [40, 41]. A resultant fragmented health
system has developed, managed by two separate Minis-
tries of Public Health and Population (MoPHP); one in
Sanaa, which represents the Houthi authorities in the
North, and one in Aden, which represents the Interna-
tionally Recognised Government (IRG) in the South
[42-44]. Yemen faces the ‘world’s worst humanitarian
crisis’ [45] as many health, social, and educational
facilities, including schools, citizens including health-
care workers, and infrastructure such as roads, water,
and sanitation facilities have been targeted during the
conflict [41, 46, 47]. This has disrupted numerous ser-
vices, worsened living conditions therefore forcing
external migration and internal displacement, and
increased poverty, food insecurity, and severe undernu-
trition in Yemen [42, 48-51]. The first laboratory-
confirmed COVID-19 case in Yemen was identified
in April 2020 but community transmission was
reported prior to this [52,53]. By 18 October 2023,



11,945 cases and 2159 death were reported in Yemen -
lower than that reported in neighbouring countries
such as Saudi Arabia which reported 841,469 cases
and 9646 deaths throughout the same period [5].

The disrupted and fragile Health System in Yemen is
expected to face challenges in undertaking surveillance,
especially in the North governorates under the Houthi
authorities [52,54,55]. However, the challenges of national
fragmentation such as inadequate resources and technical
capacity also resulted in few epidemic response interven-
tions being implemented by the IRG MoPHP after the
first case reported. Interventions which were implemented
included establishment of a COVID-19 preparedness and
response higher committee, closure of borders and air-
ports with screening at entry points, restrictions on public
gatherings and assignment of a few health facilites solely
for COVID-19 cases [52]. Public health risk communi-
cations for the public and healthcare providers was also
carried out, however healthcare workers raised concerns
immediately about Personal protective equipment (PPE)
and medical supplies shortages necessary to manage
COVID-19 cases [52].

Borders between the South and North governorates
have been partially closed since 2015, while those
between the North and neighbouring countries have
been completely closed due to political constraints
[56, 57]. Therefore, neither the authorities in Aden
or in Sana’a made rigourous efforts to close ports of
entry when COVID-19 emerged. Weak inter-gover-
norate governance between Yemen’s dual MoPHP
and government agencies, and coexistent epidemics
compounded these issues by necessitating increased
attention from international organizations and
regional MoPHP departments and obstructing any
strict lockdowns [58]. With 50% of the population
reliant on water and sanitation aid, the majority of
the poor population could not afford face masks or
disinfectant products to reduce transmission, all whilst
physical distancing was not being enforced [56].

Although surveillance activities are hampered in
conflict settings, accuratel and updated mortality and
morbidity indicators are critical for response plan-
ning, allocating limited resources, monitoring the
effectiveness of response interventions, and support-
ing the advocacy for peacebuilding and post-conflict
resolutions [59-61]. This study aims at exploring chal-
lenges to COVID-19 surveillance in Yemen as well as
potential solutions to them, to contribute evidence on
the rising surveillance effectiveness in Yemen and
other conflict and resource-constraint settings.

Methods
Study population and period

Between June 2021 to June 2022, in-depth interviews
were conducted with 30 healthcare workers who
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were involved with coordinating COVID-19 surveil-
lance within Yemen. The intention was to include a
nationally representative sample, for participants’
safety it was not possible to recruit people in governor-
ates under Houthi authorities as they restricted infor-
mation sharing about COVID-19 [55]. Therefore the
authors opted to purposively select surveillance staff
in governorates outside the Houthi authority. How-
ever, to gather information about COVID-19 surveil-
lance in governorates under Houthi authorities, our
sample also included individuals who worked closely
with the surveillance team in governorates under
Houthi authorities during the COVID-19 pandemic.
We explored preparedness and barriers to COVID-
19 surveillance in both the South and North governor-
ates of Yemen since the pandemic began in 2020.
Therefore, the study findings represent the COVID-
19 surveillance situation across various Yemeni gover-
norates, although most participants were based at the
time of interviews in governorates under the control of
the IRG.

Sample and participant recruitment

A snowball purposive sampling was used to recruit
potential participants through in-country gatekeepers
who were healthcare workers familiar with surveil-
lance teams in Yemen. In-person verbal informed
consent witnessed by researchers was obtained for all
participants. The participants were deemed an elite
population due to the small population satisfying the
inclusion criteria, therefore full anonymization could
not be guaranteed which was stated within the consent
form. Some individuals declined to participate but
instead recommended others to be interviewed. Stated
reasons for declining interviews included concerns
about declaring surveillance information or being
afraid to be identified by opposing forces.

The sample size was initially determined by the
number of individuals who could be reached and
met the inclusion criteria, alongside time constraints
of the study; however the saturation point was reached
after conducting 30 interviews [62, 63].

Data collection

Interviews were conducted (by SD, MB, and MS) online
via Zoom video software, each lasting approximately
60 min. A question guide was used during interviews,
generated using themes identified through a literature
review of COVID-19 surveillance in LMICs. The
guide contained pre-determined prompts to explore
a-priori themes with participants. Areas of discussion
included how their department performed surveillance
in terms of RRTs, case identification and reporting,
what the main challenges hindering surveillance were
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and how best to address them, and awareness of the
WHO RRTs training programme.

Participants were given opportunities to provide
their answers to the study questions before or after
the interview if they preferred, or recalled additional
information post-interview, or needed more time to
collect information. Each interview was audio-
recorded then transcribed and analysed (by SD, MB,
and MS) before conducting subsequent interviews.

Analysis

All the collected data was analysed using framework
analysis [64] through NVivo-10 software, to identify
both inductive and deductive themes [65]. A thematic
framework table was developed using a-priori codes
obtained through a literature review and inductive
codes that emerged during analysis.

Findings
Participants’ characteristics

Thirty participants were recruited from rural and
urban, North and South Yemeni governorates, and
the following categories were included: males and
females, junior and senior surveillance staff, commu-
nity surveillance officers, RRT members, district and
governorate health officers, and laboratory technicians
in COVID-19 testing centres. The number of years
working in the surveillance system ranged from two
to 18 among participants. Due to the political instabil-
ity and the limited surveillance staff in Yemen, partici-
pants’ characteristics have been disaggregated and
names of governorates and sites omitted in this
paper to maintain participants’ confidentiality and
safety.

Preparedness

This section explains the preparedness for COVID-19
surveillance in Yemen using the WHO framework.
The majority of participants explained that RRT's
were established in 2017 in response to Cholera and
Polio epidemics in both North and South governor-
ates. Following the emergence of COVID-19, RRT
capacity increased twofold in most South governor-
ates, sufficient for one RRT per district although popu-
lation density dictated their distribution. Each RRT
comprise a minimum of five individuals: Director of
the district health office, District surveillance coordi-
nator, Doctor, Lab technician, and District health edu-
cation coordinator. Some governorates deployed eight
doctors/health assistants and eight lab technicians to
supplement RRTs during the COVID-19 pandemic.
Participants indicated that no changes were made to
the quantity or training of the pre-existing RRTs in

the governorates under Houthi authorities in response
to COVID-19. Where RRTs were trained, the ‘training
of trainers WHO online RRT training programme
was utilized, several participants explained. However,
RRT personnel training was conducted face-to-face
due to inadequate internet connectivity — including
COVID-19 training in March 2020. The role of
RRTs is similar throughout all governorates, which
is explained below:

RRTs role is field investigation within 24 hours of
receiving a report of a suspected case, to stabilise
the early stage of the outbreak. — P.6

Most participants highlighted WHO suspected case
management guidance was implemented. Suspected
cases were reported to operations rooms in district
MoPHP offices via health/isolation centres or commu-
nity hotlines. RRTs were dispatched to investigate, and
take swabs for testing when available and the case
definition was satisfied. RRTs also identified and
informed close contacts to isolate for 14 days. Moder-
ate and severe cases were then admitted to isolation
centres and tertiary hospitals respectively. Mild cases
were informed to complete ten days home isolation,
with daily monitoring through visits or telephone.

Most participants explained WHO COVID-19 case
definitions were utilized nationally. However, the
North’s definition was inaccurate initially some par-
ticipants revealed, before modification by WHO with
advice from Yemeni doctors in the diaspora.

Each participant revealed COVID-19 hotlines were
established to facilitate suspected case notification
within communities in various South and North gov-
ernorates. However, nationwide initiatives to comp-
lement hotlines for community surveillance were not
highlighted. Some participants explained community
education was problematic at first, undertaken
through social media within some South governorates.

Yemen is relying on social media to raise awareness -
can you imagine what it is like. - P.2

Most participants emphasized active and passive sur-
veillance was being performed in the South, with an
increased attentiveness on active case finding since
2021. Yet beyond contact tracing, no participants dis-
cussed further initiatives to bolster active surveillance,
in both the North and South. However, limited RRT
and diagnostics capacities significantly weakened the
capability for active surveillance across the country
given symptomatic suspected cases received testing
prioritization.

Insufficient PCR laboratory capacity was stressed
by most participants, with five PCR machines available
nationwide initially. By July 2021, PCR capacity had
increased to ten laboratories across the country. Sev-
eral participants cited the existence of the electronic
Integrated Disease Early Warning System (eIDEWS),



a health-facility-based surveillance system established
in 2013 utilized for the surveillance of 28 notifiable
diseases. Within eIDEWS, aggregated health-facility
data facilitates early outbreak detection through either
24-hour notification alerts or weekly epidemiological
bulletins depending on the disease.

By distributing mobiles in health facilities, they have a
system to send electronic reports to district level every
Sunday then to governorate level then MoPHP level
every Monday. — P.13

However, some participants explained that eIDEWS
was not modified for COVID-19 surveillance across
the country, with a reliance upon hotlines and presen-
tation at health/isolation centres.

Several participants revealed that one seropreva-
lence study was, funded by WHO and its partners,
performed only in one of the South governorates,
Aden, in December 2020. The prevalence of SARS-
CoV-2 antibodies was 27.4%. No participants dis-
cussed mathematical modelling utilization in
COVID-19 surveillance. Since case reporting was not
properly performed across the country, it appeared
that modelling was not considered in Yemen. Simi-
larly, participants were not aware of any mortality
studies used in Yemen.

Challenges to surveillance

All participants stressed ongoing conflict remained the
fundamental barrier to surveillance, with numerous
challenges experienced occurring secondary to it. Sev-
eral participants highlighted its impact on governance,
producing weakened inter-governorate coordination
between policymakers, exacerbating the challenges
WHO faced as intermediaries.

Scattered, interrupted, not strong - everyone is work-
ing as if it’s a Federation, but without state governors.
- P22

Poor community engagement with RRTs and contain-
ment measures including self-isolation and contact
quarantine was highlighted by most participants. Sev-
eral participants cited this responsible for the fatigue
in RRT contact follow-up. Numerous participants
also accredited this to Yemen’s unsustainable econ-
omic climate and resultant fight for survival, with
face-mask prices rising ten-fold since COVID-19
emerged.

People are dying from starvation, from diseases like
Malaria and Cholera. People have no salaries — what
is COVID-19 in front of all this? — P.12

Further explanations included weak community
health education campaigns, especially in the North
with their policy of not transparently declaring cases
and societal stigmatization of COVID-19 existed.
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The North’s decision to not declare cases makes gain-
ing community support harder because you cannot
support if there is no declaration of cases. - P.25

The majority of participants classified challenges con-
cerning RRTs into inadequate skill sets due to subop-
timal training provisions, or insufficient quantities
since epidemics including Cholera
required resources. It was explained that some large
districts are covered by few RRTs, for example, one
large governorate had only two RRT members
responsible for contact tracing 275,000 people. Most
participants accredited this deficiency to a lack of sal-
aries/incentives, with RRTs frequently going months
without payment or seldom receiving reduced
amounts.

concurrent

Sometimes they receive payments quarterly, but only
50% of one month’s payment which is nothing -
especially as exchange rates leave this without real
value. - P.15

The majority of participants stated Yemen’s deterio-
rated health system presented a critical barrier, with
50% of health facilities functional due to conflict-
related infrastructural damage. This reduced accessi-
bility resulted in suspected cases often remaining
unreported, by not engaging with health services
because of extensive travel distances.

The war has led to the deterioration of the health sys-
tem, with the closure of many health facilities, making
surveillance much more difficult. - P.16

The majority of participants explained war displace-
ment or casualties, and absent salary provisions have
created an insufficient health workforce. With insuffi-
cient RRT capacity for comprehensive active surveil-
lance, passive surveillance through health facilities
remained the primary approach. However, partici-
pants revealed many exceedingly overstretched health
workers often failed to report cases.

Shortages in PCR machines, reagents, swabs, and
rapid diagnostics were a barrier the majority of partici-
pants stated, confining tests to highly suspected cases.
Symptomatic testing prioritization had considerable
implications for case detection due to asymptomatic
COVID-19 transmission. Initial difficulties dis-
tinguishing COVID-19 from endemic febrile illnesses
including dengue fever was highlighted by several par-
ticipants, however, implementation of WHO COVID-
19 case definitions reduced this. Several participants
revealed some governorates relied upon wealthy dia-
spora donors to increase testing capacity during the
pandemic.

Several participants discussed transportation chal-
lenges, particularly in rural areas, including few
MoPHP vehicles capable of traversing poor-quality
roads worsened by floods and conflict. Delays resulted
for RRTs undertaking case management, contact
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tracing, and transporting test samples to laboratories
therefore prolonging test turnaround time. According
to numerous participants, medical and diagnostic
supplies distribution from WHO stores presented
logistical challenges, especially between the North
and South due to frequent checkpoints, or conflicted
zones where vehicles were frequently intercepted.

There are many hot zones throughout this journey
[Aden WHO stores to another governorate] where
cars have been stolen or not allowed passage. - P.11

The majority of participants stated denial and misin-
formation hindered surveillance. In the North, partici-
pants explained this originated from the policymaker’s
strategy of COVID-19 denial and non-declaration of
cases — attributed to conflict prioritization. No partici-
pants highlighted this issue in the South. Further
explanations for misinformation participants ident-
ified were the impact of poverty on education, and
existing greater threats to life including malnutrition.
Misinformation including RRTs receiving money-
per-case and health workers intentionally killing
COVID-19 patients, reduced engagement with health
facilities and hotlines resulting in significant case
underreporting.

When people are in such a situation, they are willing
to trust rumours more than facts - it is a defence
mechanism. - P.5

Methods to address challenges

Some participants explicitly proposed conflict resol-
ution to improve surveillance. However, it is improb-
able most participants do not believe this is the
principal solution, but rather prioritized more attain-
able interventions.

Addressing the conflict and political situation will be
the key to dealing with the COVID-19 situation as in
other countries. — P.23

An emphasis on strengthening governance of
COVID-19 surveillance amongst all 22 governorates
was recommended by several participants. By estab-
lishing continuous communication pathways between
regional policymakers, the finite human and diagnos-
tic resources could be redistributed as acutely
required.

There are the resources in Yemen, it’s the lack of
resourcefulness - they are not used properly. - P.13

Some participants stressed the necessity to establish
comprehensive community health education cam-
paigns. Through national dissemination of WHO case
definitions, plus how to report (via isolation centres
and hotlines) and manage suspected cases, participants
explained early case detection could increase by utiliz-
ing enhanced community surveillance.

Raise awareness amongst the community - this is the
most important step. Reassuring them this disease can
be prevented by very simple measures. - P.14

Numerous participants emphasized misinformation
and stigmatization should simultaneously be
addressed. However, policymakers in the North
acknowledging COVID-19 as a public health emer-
gency remained a prerequisite to such initiative’s
implementation. Several participants described iso-
lated communication education initiatives within
South governorates, through religious leaders during
Friday prayer alongside schools and radio stations.
The augmentation of such initiatives is fundamental
to achieving effective community surveillance.

An emphasize on building RRTSs’ capacity was dis-
cussed by the majority of participants, optimally
through increased recruitment; however, funding con-
straints could obstruct this. Therefore, participants
proposed RRT COVID-19 refresher training and skills
evaluation as a more feasible solution. WHO online
training programmes could be utilized at MoPHP
offices where internet connectivity has greater stab-
ility. However, guaranteed salary protection remained
a crucial determinant several participants discussed.

We either need to renew some of the RRTs or
reinforce their skills with more training - this is the
issue. — P.24

Several participants recommended revising Yemen’s
eIDEWS for COVID-19 surveillance. Automated sus-
pected case alerts could be sent as SMS messages to
RRTs’ mobile devices to accelerate case management,
whilst simultaneously producing a centralized compu-
ter database to facilitate real-time mathematical mod-
elling. Alerts could be inputted from health centres
already familiar with eIDEWS to develop sentinel sur-
veillance capacity.

In terms of infrastructure regeneration, most par-
ticipants suggested prioritizing primary care facilities
since many are well located, especially within rural
communities. Therefore, they remained the primary
point of contact for suspected cases. RRTs could utilize
them as centres to perform active surveillance and
community health education from. Several partici-
pants proposed primary care facilities for the training
of community health workers (CHWs) in ‘monitoring
suspected and probable cases’ and ‘active case finding’,
to mitigate RRT capacity deficiencies. CHWs possess
pre-existing community networks, therefore, are
trusted personnel more likely to attain community
engagement.

Ensuring a consistent, equitable distribution of
swabs and reagents many participants believed
would maximize testing capacity utilization. The
majority of participants endorsed mobile laboratory
deployment, notably within rural and underserved
areas. This could minimize sample transportation



barriers, reducing test turnaround time to facilitate
earlier case detection. Several participants stressed a
protocol for rapid diagnostics utilization by RRTs is
necessary, to improve active surveillance of contacts
whilst responding to community alerts.

Mobile laboratories would allow us to detect cases in
hard-to-reach areas at a much faster rate. - P.17

Several participants recommended expanding four-
wheel drive vehicle provisions for RRT's to enable traver-
sing difficult terrains for case investigation and contact
tracing. Such provisions could simultaneously improve
test sample delivery and diagnostics supply chains
intra- and inter-governorate participants explained.

We must provide a four-wheel drive vehicle for
active surveillance visits and case investigation work.
- P19

Discussion

By 18 October 2023, only 11,945 COVID-19 cases
and 2159 COVID-19 deaths were reported in
Yemen [5], where 31,450,179 inhabitants live [66].
The reported cases therefore indicate a 4% preva-
lence in the country, which is significantly lower
than the 27.4% prevalence estimated by the only ser-
oprevalence study conducted in Yemen [67].
Although this seroprevalence study was implemented
only in one city, it was implemented by the MoPHP
and the WHO in Aden, the second most populous
city, thus could be used to estimate COVID-19
prevalence nationwide [67]. Using satellite imagery,
2000-2400 excess cemetery burials were identified
in Aden compared to recorded mortality in April-
September 2020 [68]. This demonstrates the signifi-
cant increase in mortality during the early stage of
the pandemic. Another study identified evidence of

Challenges to COVID-19
Surveillance
Ongoing conflict
Poor community adherence
Insufficient RRTs
Fragile Health system
Limited Laboratory capacity

Transportation/ access and
topography

Denial / stigma &
misinformation
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a peak in adult mortality before and during the
first wave of the COVID-19 pandemic in nine com-
munities of Yemen, although the estimation was
imprecise [51]. Our findings revealed the unprepa-
redness of the surveillance system in Yemen to
report COVID-19 cases and deaths during the pan-
demic, especially in areas under the Houthi
authorities.

Despite none of the participants highlighting mor-
tality study utilization in surveillance in Yemen, two
mortality studies about Yemen were conducted and
published during our data collection period [51, 68].
This demonstrates the poor coordination between
individuals who work in estimating the burden of
COVID-19 in Yemen.

We identified the absence of large-scale active and
community surveillance initiatives, except in urban
settings of one governorate, which was the most active
in COVID-19 surveillance across the country. Active
surveillance was successfully implemented in camps
for internally displaced people, where a high popu-
lation density accelerates transmission [69]. Similar
initiatives showed effectiveness in Ebola epidemic sur-
veillance in Western Africa [70].

We identified several barriers that hampered
COVID-19 surveillance in Yemen and methods to
address them, see Figure 1. We identified that stigma-
tization and misinformation increase community
resistance and incompliance with preventive measures
including cooperation with RRTs, which greatly hin-
ders surveillance. Studies have emphasized the chal-
lenges stigmatization and misinformation presented
during the early stage of the pandemic in Yemen
[71] and other LMICs [72], especially those also facing
civil war such as South Sudan [73]. Addressing stigma-
tization and misinformation is critical to gain commu-
nity trust, which played an important role in

Strategies to address
surveillance challenges

Improve governance through
effective coordination

Establish national community
health education camapigns

Build capacity of RRTs

—— Utilise primary care facilities

Strengthen laboratory testing
capacity

Increase 4x4 vehicle availability

Figure 1. Challenges and opportunities of COVID-19 surveillance in Yemen.
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surveillance successes during the Ebola epidemic in
LMICs including Sierra Leone [74].

The insufficient quantity and capacity of RRT's chal-
lenged case reporting in Yemen, as both thisand a com-
parable study [75] identified. A web-based survey [76]
identified testing inaccessibility and poor testing
capacity in Yemen, as only 1.6% of respondents who
reported COVID-19 symptoms were able to access
PCR testing and tested positive; however, self-report-
ing reduced the findings’ validity. This poor laboratory
capacity restricted testing and confirmation of cases
even among severe and highly suspected cases, there-
fore, most COVID-19 cases remained probable and
unconfirmed (71, 75]. Poor testing capacity and inac-
cessibility are challenges shared among LMICs [14].
This challenge could explain why the COVID-19 case
fatality rate in Yemen is 19.6% which is five times the
global average and the highest in the Middle East [77].

Health facility closures due to infrastructural
damage, shortages of medical supplies and PPE, as
well as unmaintainable funding for the health system
hindered COVID-19 surveillance significantly in
Yemen. These issues challenge overall health care pro-
visions, predating the pandemic [58]. For example, out
of the $304.6 million minimum-required fund, only
27.4% was available in 2020 [77]. These weakened
health service provisions and overburdened healthcare
workers contributed to the overlooking of COVID-19
case reporting and high case fatality rate. Poor health
financing resulted in the lack of incentives and regular
salary provisions for healthcare workers and hindered
recruiting RRTs during the pandemic, as this and
other literature determined [75, 78]. There are no
doctors in 18% of Yemen districts and many doctors
in other districts have been unpaid for over two years
[78]. Together, these factors significantly restricted per-
forming even facility-based passive surveillance.

The importance of strengthening COVID-19 sur-
veillance governance is a key finding in this and
other studies in Yemen [79] and other LMICs [80].
To alleviate these governance issues, WHO and its
partners issued a ‘Task Force’ for coordinating, track-
ing, and proceeding the delivery of COVID-19 diag-
nostics, therapeutics, and vaccines within LMICs in
June 2021 [80]. This was intended to provoke an
urgent ‘trickle-down’, tangible effect in Yemen. How-
ever similar to other incoming aid, the impact was
hindered by frequent bombings in Hodaydah port
city where 90% of fuel supplies, incoming humanitar-
ian aid, and commercial food passes through.

Most participants emphasized the importance of
implementing community awareness campaigns to
improve community compliance and strengthen com-
munity surveillance. The literature indicates the posi-
tive impact and feasibility of implementing this
intervention in Yemen [69, 81], other LMICs such as
India [82], and nations facing conflict such as Syria

[83]. Rapid diagnostics were recommended alongside
seroprevalence testing to mitigate suboptimal sensi-
tivity in this WHO framework component, together
with mobile laboratories [84]. Mobile laboratories
have been introduced effectively at strategic roads/
border points by a network of six East African
countries [6]. The first mobile laboratory donations
were approved by Abu Dhabi in June 2021, providing
a positive addition for Yemen [85]. Senior surveillance
personnel in some LMICs also advocated for facilitat-
ing COVID-19 surveillance via eIDEWS, although the
lack of internet connectivity may hinder its effective-
ness in LMICs [86]. This is applicable to the context
of Yemen where poor electricity and internet connec-
tivity is an issue even within the main cities.

Limitations

We interviewed solely the surveillance staff which may
have limited their ability to express weakness in the cur-
rent surveillance system, as highlighting weaknesses
might be interpreted as them not completing their
work properly. Interviewing community members and
comparing their views against the surveillance teams
could have provided better insight into the challenges
of COVID-19 surveillance. Recruiting participants
using the ‘snowball’ technique and senior surveillance
gatekeepers is a limitation and might have created bias
in sample selection. Our virtual data collection method-
ology restricted recruitment of surveillance staff in
remote and rural areas where internet and electricity
supply are continuously interrupted, which might have
affected the sample characteristic. However, in-country
data collection was infeasible given the ongoing conflict,
travel restrictions during the pandemic, and the political
unacceptability of COVID-19 discussion in the areas
under the Houthi authority.

To check the accuracy and reliability of the pro-
vided information about the COVID-19 situation in
the governorates under the Houthi authority, partici-
pants were required to provide specific examples
which were examined for accuracy in further inter-
views with other participants. However, the inability
to confirm the accuracy and reliability of the provided
information with the surveillance teams in these gov-
ernorates due to political reasons remains a limitation
of our findings.

Conclusion

It is inevitably challenging to coordinate robust COVID-
19 surveillance within Yemen’s current unstable
environment. As a result of prior epidemics, some
level of preparedness had already been established in
Yemen, including RRTs and electronic disease surveil-
lance. However, the remaining challenges posed signifi-
cant barriers to strengthening surveillance for COVID-



19, these include limited infrastructural regeneration,
improper transportation provisions, an unstable health
system, inadequate laboratory testing capacity, insuffi-
cient qualified RRTs, and community incompliance
together with widely spread misinformation.

Due to the current economic situation, political
instability, and limited resources in Yemen, partici-
pants focused on bolstering community-based inter-
ventions to address these barriers. To establish
effective active community surveillance, community
awareness campaigns should be expanded nationwide.
Effective surveillance equally requires improved inter-
governorate governance, enhancing testing capacity,
and increasing the number and capacity of surveil-
lance staff.
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