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ABSTRACT

War destroys health facilities and displaces health workers.
It has a devastating impact on population health, especially
in vulnerable populations. We assess the geographical
distribution of the impact of war on healthcare delivery by
comparing the pre-November 2020 and the November to
June 2021 status of health facilities in the Tigray region

of Ethiopia. Data were collected from February 2021 to
June 2021, during an active civil war and an imposed
communication blackout in Tigray. Primary data were
collected and verified by multiple sources. Data include
information on health facility type, geocoding and health
facility status (fully functional (FF), partially functional

(PF), not functional, no communication). Only 3.6% of all
health facilities (n=1007), 13.5% of all hospitals and health
centres (n=266), and none of the health posts (n=741), are
functional. Destruction varies by geographic location; only
3.3% in Western, 3.3% in South Eastern, 6.5% in North
Western, 8% in Central, 14.6% in Southern, 16% in Eastern
and 78.6% in Mekelle are FF. Only 9.7% of health centres,
43.8% of general hospitals and 21.7% of primary hospitals
are FF. None of the health facilities are operating at prewar
level even when classified as FF or PF due to lack of power
and water or essential devices looted or destroyed, while
they still continue operating. The war in Tigray has clearly
had a direct and devastating impact on healthcare delivery.
Restoration of the destroyed health facilities needs to be a
priority agenda of the international community.

INTRODUCTION

Tigray is the northernmost regional state in
Ethiopia. Homeland of the Tigrayan, Irob
and Kunama peoples, the region is bordered
by the Amhara region to the south and south-
west, the Afar region to the east and south-
east, Eritrea to the north and Sudan to the
west. Tigray is the fifth most populous region
of Ethiopia. Three out of four Tigrayans live
in rural areas.' Tigray’s official language is
Tigrinya, and the majority of the region’s
7million people® are primarily agricultural-
ists. Mekelle, the capital, is 485 miles from the
federal capital Addis Ababa. Currently, the

WHAT IS ALREADY KNOWN ON THIS TOPIC?

= Previous research has shown deleterious effects of
war on health and healthcare delivery. Due to limit-
ed communication and reporting, the extent of the
direct impact on healthcare delivery of the war in
Tigray has not been well characterised at a granular
level, including its geographic distribution.

WHAT THIS STUDY ADDS?

= In this study, we made a granular assessment of the
functional status of all healthcare facilities in Tigray.
Comparison between the pre-November 2020 and
November to June 2021 status of each health facility
revealed the extent and severity of the devastation
and the geographical differences thereof.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY?

= The catastrophic impacts of war on health and
healthcare delivery should make war a priority
agenda in health policymaking. This prioritisation
may lead to improved research and strategies for

preventing war and mitigating its negative impacts.

region has 7 administrative zones, 52 woredas
(districts) (34 rural and 18 urban woredas)
and 814 tabias (subdistricts which is the
smallest administrative unit with an average
population of 5000 or approximately 1000
households).

Tigray has a three-tiered primary health
system.” The lowest tier is a health post (with
at least two community health extension
workers), typically serving people in the rural
areas. A health post is generally staffed by two
community health extension workers imple-
menting the health extension programme, is
the smallest health institution structure in the
rural areas and is designed to serve one tabia
or kebele (the smallest administrative unit
in the region). The second lowest tier is the
health centre, which serves five kebeles or five
health posts, or approximately 15000-25 000
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Figure 1

Structure of the Tigray Health Care System, which had three tiers: primary healthcare unit that includes health posts,

health centres and primary hospitals; secondary care provided by general hospitals; and tertiary care provided by specialised
referral hospitals. In 2015, there were 39 hospitals (2 referral, 15 general, 22 primary), 204 health centres and 712 health posts.
As of November 2020, 40 hospitals (2 referral, 14 general, 24 primary), 226 health centres and 741 health posts.

rural or 40 000 urban residents. Hospitals have three tiers
(primary, general and referral), which in turn provide
healthcare services for those referred from health
centres. Secondary care is provided by general hospitals,
and tertiary care is provided by specialised referral hospi-
tals. In 2015, the healthcare system included 39 hospitals
(2 referral, 15 general, 22 primary), 204 health centres
and 712 health posts. Figure 1 depicts the healthcare
system in 2015 and 2020.” The latest data on the health
facilities are reported on Tigray Region Health Bureau
(TRHB)’s bulletin.*

Since early November of 2020, the Ethiopian Federal
Government and the Tigray Regional Government have
engaged in a series of clashes. This ongoing political
conflict escalated dramatically on 4 November 2020,
when Ethiopian Prime Minister Abiy Ahmed ordered a
military offensive against regional forces in Tigray.2 The
origins of the conflict are complex, but what is incontest-
able is that Ethiopian National Defense Forces and allied
Eritrean Defense Forces have wantonly decimated the
region’s healthcare system.”

This conflict has produced a growing humanitarian
emergency, with heavy casualties and population move-
ments both internally and externally. The crisis has
spilt across borders into neighbouring regions; since 7
November 2020, over 63000 refugees have fled to Sudan
(a nation that is ill-prepared to accept or care for such
an influx of refugees).”” An estimated 9million people
within or near the Tigray region are currently at risk
due to increasing confrontations of escalating size, over
100000 children could suffer from severe acute malnutri-
tion in the next 12 months in Tigray (a 1000% increase),
and more than 100 trucks of humanitarian supplies
are now needed on a daily basis.® All these catastrophic
conditions in Tigray are compounded by the deliberate

decimation of health facilities and attacks on healthcare
and aid workers.®

According to Médecins Sans Frontiéres (MSF), Tigrayan
healthcare facilities have been deliberately attacked to
debilitate them, but Ethiopian authorities counter that
most of the damaged Tigrayan health services have been
restored.” In a limited survey assessment, MSF further
reports’™ that 20% of the 106 Tigrayan health facili-
ties that MSF teams visited from mid-December to early
March had been occupied by armed soldiers, nearly 70%
had been looted, more than 30% had been damaged,
one facility was being used as an army base, and only
13% were functioning normally, MSF concludes that the
damaged, looted facilities and resulting lack of medical
staff means people in the region have very little access to
healthcare.

The impact on women’s health is also immense.
According to a report by the UN Special Representative
on Sexual Violence'*'” and other humanitarian agencies,
serious instances of sexual violence have been reported.
These include a high number of rapes (including in
Mekelle) characterised by inhumane acts and threats of
imminent violence where individuals are forced to rape
members of their own family and gang rapes by invading
forces. Some women have also been forced by military
elements to have sex in exchange for basic commodities.
The increase in the demand for emergency contracep-
tion and testing for sexually transmitted infections (STIs)
in some medical centres are indications of an increase in
sexual violence in the conflict zones. The sexual violence
against women and girls has also been reported in a
number of refugee camps.”” These reported incidences
of rape and sexual violence, which result in both severe
physical and emotional trauma, certainly increase the
burden placed on Tigray’s medical system.
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The United Nations Office for the Coordination of
Humanitarian Affairs (UN-OCHA) reports16 7" that
delivery of supplies into Tigray is running far below what
is needed, humanitarian needs in the neighbouring Afar
and Ambhara regions are increasing substantially due to
the spillover of the conflict and access to health services
and water supplies has been dramatically reduced in
part due to the loss of communications and electricity in
rural parts of the region. Although over a 100 trucks of
food, non-food items and fuel must enter Tigray everyday
to sustain assistance, humanitarian access into Tigray
remains restricted to one insecure road through the
Afar region that is plagued with long delays and check-
points.16 17

These factors, when combined with damage and
looting of facilities and lack of medical staff, result in
very little access to healthcare. Other horrific atrocities
have also been reported.”® ' WHO estimates that only
22% of health facilities are functional and some 78% of
the hospitals in the region are not accessible. Uncon-
firmed, reports of a cholera outbreak began to emerge
from Adwa Town, Central Zone. According to OCHA,
there has been reports of increasing sexual violence
and abuses as well as malnutrition. Ongoing research
suggests that a continuation of the Tigray war may lead
to another failed harvest in the next season and lead to
even more widespread famine.®*” *' ReliefWeb reports
that the conflict has already left 91% of the Tigray
population in dire need of humanitarian assistance
(more than a 500% increase relative to the preconflict
period) with an estimated 350 000 people in the region
suffering from an extreme lack of food with at least
150 hunger-related deaths recorded in Ofla district
alone.”"*!

While the civil war in Ethiopia has been ongoing for
more than a year, there is scant data and reporting on the
health crisis of the war. A recent paper® has reported the
latest assessment and analysis of the impact of war on the
health system of the Tigray region in Ethiopia. However,
this study neither provides the geographical distribution
of the crisis nor uses primary data at the local facility level.
Our study fills these gaps by providing granular data for
each of the health facilities in Tigray region of Ethiopia.

The catastrophic humanitarian and public health crises
resulting from this war are predictable and are hardly
unique to this conflict; indeed, the literature reviewed by
Haar et al”® provides ample evidence of research on the
impact of attacks on healthcare in armed conflict. Need-
less to say, war (armed conflict) is one of the most relent-
less social determinants of health impacting health equity
and well-being. War always brings devastating short-term
and long-term impacts on population health, especially
for vulnerable populations. This problem is exacerbated
by the weak state of the health systems that is often present
in conflict-affected states and the increasing number of
individuals who are affected by these conflicts (an esti-
mated one billion people worldwide are now affected by
armed conflicts).

Public health aims to protect and promote the public’s
health, while war impedes, disrupts, damages and even
prevents public health efforts around the globe. On
the other hand, war is unquestionably one of the most
devastating risk factors impacting health worldwide; it
is frequently not included when risk factors for health-
care delivery are listed or studied. For example, it is not
listed by the American Public Health Association in the
35 public health issues and topics.**

The main goal of the study is to describe the postcon-
flict functional status and geographic distribution of the
health facilities in Tigray using recently collected data on
the operational state of healthcare facilities.

The secondary goal is to use the case of the war on
Tigray as an opportunity to create awareness among
researchers and public health professionals to work
together to identify best practices to promote public
health efforts in war-torn areas. Specifically, the predict-
able catastrophic humanitarian and public health crisis
the war on Tigray has created must be communicated
to the scientific community and the general public to
ensure that the international community understands
the direct impacts of the war on healthcare delivery and
takes appropriate action to address the resulting crisis.

METHODS

The data used in this paper were collected from February
2021 to June 2021, during an active civil war and an
imposed communication blackout in Tigray. Despite
the communication blockade, with limited availability
of e-mail and text communication (sometimes multiple
times a day due to uncertainty of getting e-mail access
the next day), we were able to triangulate the data to get
a more accurate and verified data set. Our key collabora-
tors who participated in the collection and verification
of the data were Mekelle University College of Health
Sciences, TRHB, Tigray Health Research Institute and
the former Interim Government of Tigray (see online
supplemental appendix). We used these different sources
to obtain some of the incomplete data on latitude and
longitude coordinates as well as status of health facilities
as of June 2021.

Data collected

The data include information on zone, woreda, tabia,
village, health facility type, health facility status (fully
functional (FF), partially functional (PF), not functional
(NF), no communication (NC)) and functional status
(yes/no) and geocoded location for each health facility.
Figure 2 shows a map of Tigray’s administrative zones
and the region’s districts (woreda).

Two key variables for our analyses were the classifica-
tion or type of facility (health centre, general hospital
or primary hospital) and the status (FF, PF, NF and
NC) of individual health facilities. The status of each
health facility was determined based on the following
criteria that were established by the interim Tigrayan
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Figure 2 Map of the Tigray region of Ethiopia.

government. Status classification was provided to us with
no detailed row data on the criteria used to determine
the category of functional status:
A health facility is presumed to be FF if all of the following
are fulfilled:
» Providing 24/7 emergency services
- Emergency medical services
- Surgical services (for hospitals and HCs with OR
block)
- Inpatient services (for hospitals)
- Delivery service
- Laboratory
- Pharmacy.
» Available office hour OPD services.
» Reproductive, maternal, newborn and child health
- Under five
- ANC
Family planning
- EPL
» Communicable disease (TB, HIV, STI).

» Non-communicable diseases such as hypertension,
DM, Mental Health (for hospitals).

» Adult OPD.

» Nutritional service
- Screening
- Therapeutic feeding.

» Functional management team, at least active CEO/
health centre director.

A health facility is classified as PF;

» If one of the criteria for full functionality is absent

» If more than one criterion is absent and the reason
for it is related to shortage of resources like human
resource, medical product, safety or budget issues.

A health facility is classified as NF;

» If the facility is deserted.

» If the facility is occupied or being used for military
purpose (whatsoever the level of damage/looting/
service provision).

» Ifmore than one criterion is absent and the reason for
it is other than those relevant for partial functioning

4 Gebregziabher M, et al. BMJ Global Health 2022;7:008475. doi:10.1136/bmjgh-2022-008475
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Figure 3 Geo-map of the status of health facilities in Tigray (as of June 2021). Due to sparseness of data (since there were
only two referral hospitals with one in central and one in Mekelle), online supplemental appendix is based on combined count

of referral and general hospitals labelled as general hospitals.

facilities such as structural damage, absence of basic
amenities, etc.

» If the facility is completely looted/damaged and not
able to function as a health facility.

A health facility is classified as NC if the facility is under

occupation by Eritrean or Amhara forces.

Note that (1) these data represent a census of health
centres, primary hospitals, general hospitals and referral
hospitals in Tigray, (2) all of these facilities were FF prior
to the outbreak of the war and (3) data on health posts
were not collected because none is now functioning or
there is NC due to occupation by other forces.

Statistical methodology
After data cleaning and verification, descriptive statistics
were computed using MS Excel and R statistical software.
We calculated frequencies and proportions for each
variable by zone and aggregated at the region level. We
used MS Excel to make bar plots. Due to sparseness of
data (since there were only two referral hospitals with
one in central and one in Mekelle), figure 3 is based
on combined count of referral and general hospitals
labelled as general hospitals. We also used the coordi-
nate information for health facilities within Tigray to
map the locations in conjunction with zone and village
boundaries. This information was used to map the loca-
tions in conjunction with zone and woreda administrative
features.

A colour-coded dot-density mapping with combina-
tion of symbols and colour codes were used to illustrate

classification of these healthcare facilities and func-
tioning status along with their spatial patterns. All geoda-
tabase construction and mapping were done using ESRI’s
ArcGIS Pro software geographic information systems
software where a static map is generated.

RESULTS

Recall that figure 1 depicts the structure of Tigray’s
healthcare system, which consists of three tiers: primary
healthcare unit that includes health posts, health centres
and primary hospitals; secondary care provided by
general hospitals and tertiary care provided by special-
ised referral hospitals. As of November 2020, 40 hospitals
(2 referral, 14 general, 24 primary), 226 health centres
and 741 health posts.

Table 1 summarises the number of health facilities of
each type by region (each of which was FF prior to the
current war) in Tigray’s healthcare system. We report the
number of facilities with each status for Tigray overall
and their geographical distribution by (Central Tigray,
Eastern Tigray, Mekelle, Northwest Tigray, Southeast
Tigray, Southern Tigray, and Western Tigray). This
provides the baseline for our analysis of the impact of the
conflict on the healthcare system of Tigray.

Table 2 shows the functional status of healthcare facil-
ities (% of HF functioning) for each type of healthcare
facility (referral hospital, general hospital, primary
hospital, health centre, health post) of the whole Tigray
region as of June 2021. We see that over 67.7% of health
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Table 1 Number of health facilities of each type by regionfigures 2—-6
Central Eastern Northwest Southeast Southern Western Total

Type Tigray Tigray Mekelle Tigray Tigray Tigray Tigray Tigray
Health centre 61 39 11 40 22 32 21 226
General hospital 3 2 2 2 0 & 2 14
Primary hospital 6 5 2 4 3 2 2 24
Referral hospital 1 0 1 0 0 0 0 2
Zone totals 71 46 16 46 25 37 25 266

It summarises the number of health facilities of each type by region (each of which was fully functional prior to the current war). Due to
sparseness of data (since there were only two referral hospitals with one in central and one in Mekelle), online supplemental appendix is
based on combined count of referral and general hospitals labelled as general hospitals.

centres (153 out of 226) and over 56% of primary hospi-
tals (13 out of 24) in Tigray were NF or not communi-
cating. We also see that in only one category (referral
hospitals) is as many as half the facilities in Tigray FF (one
of two in this category are FF). Only 25% of all primary
hospitals, 10% of all health centres and 0% of all health
posts at this point in time were still FF. Overall, less than
4% of all healthcare facilities across Tigray were FF as of
June 2021.

Table 3 shows the health facility status (% of HF func-
tioning) by geography at the zonal level as of June 2021.
The numbers for Central Tigray are alarming, particularly
with regards to the complete lack of primary hospitals in
the FF category, two out of six PF and the remainder NF.
We also see that nearly 74% of health centres (45 of 61)
were confirmed NF or not communicating in the Central
Tigray zone, and one of the three general hospitals in
this region was NF. In the East Tigray zone, only 10% of
the health centres (4 of 39) were confirmed to be FF, and
only one of the five primary hospitals was FF. Both of the
general hospitals in Eastern Tigray remained FF.

Relative to other regions of Tigray, Mekelle has fared
relatively well with 82% of the health centres, one of
the two general hospitals, and the zone’s only referral
hospital confirmed remaining FF. However, note also
that only one of the two primary hospitals in Mekelle was
functional.

In the North West Tigray region, only 15% of health
centres (6 of 40) were FF or PF, only one of the two
general hospitals remained confirmable as FF, and only

one of the four primary hospitals remained FF. In the
South East Tigray region, less than half of health centres
(9 of 22 PF and 0 of 22 FF) and only one of the three
primary hospitals were confirmable as FF or PF.

In the South East Tigray zone, there were no general
hospitals (a situation that existed prior to the onset of this
war). Two of the three primary hospitals were confirmed
NF or not communicating and none of the region’s 22
health centres was FF (only nine are PF). In this region,
only 4% (1 of 25) of all healthcare facilities remained FF.

In the South Tigray region, over one-third of health
centres (12 out of 32) were confirmed as FF or PF, all of
general hospitals were confirmed to be FF or PF, and all
primary hospitals were FF. In the West Tigray region, less
than 5% of health centres (1 out of 21) were FF or PF,
and almost no health facilities were communicating; that
is, over 95% of these facilities were under occupation by
Eritrean or Amhara forces. A high proportion of health
facilities in the South region has suffered similar fates.
Regions in the northeast have suffered heavy damage; a
high proportion of health facilities in these regions was
either NF or PF. Only a very small proportion of health
facilities across the entire Tigray region was FF. Addition-
ally, only one of the two general hospitals in this region
was at least PF, and neither of the two primary hospi-
tals were communicating. Note that table 4 provides an
aggregation of these results into two categories—FF and
not FF—for the reader’s convenience.

Figure 3 depicts a geo-map of the status of health
facilities in Tigray (as of June 2021). The map shows

Table 2 Percentage and count of health facilities by status of health facilities (% of HF functioning as FF=fully functional,
PF=partially functional, NF=not functional, NC=no communication) in the Whole of Tigray Region and Mekelle City of Tigray, in

Ethiopia (as of June 2021)

FF PF NF NC Total
Referral hospital 1 (50%) 1 (50%) 0 0 2
General hospital 6 (42.9%) 4 (28.6%) 3 (21.4%) 1(7.1%) 14
Primary hospital 6 (25%) 5 (20.8%) 10 (41.7%) 3 (12.5%) 24
Health centre 23 (10.2%) 50 (22.1%) 78 (34.5%) 75 (33.2%) 226
Health post 0 0 0 741 (100%) 741
Total 36 (3.6%) 60 (6%) 91 (9%) 820 (81.4%) 1007

6 Gebregziabher M, et al. BMJ Global Health 2022;7:008475. doi:10.1136/bmjgh-2022-008475
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Table 3 Percentage and count of health facilities by status of health facilities (% of HF functioning as FF=fully functional,
PF=partially functional, NF=not functional, NC=no communication) in the Tigray Region of Ethiopia by zone (as of June 2021)

Zone FF PF NF NC Total
Central Referral hospital 0 1 (100%) 0 0 1
General hospital 1 (33.3%) 1 (33.3%) 1 (33.3%) 0 3
Primary hospital 0 2 (33.3%) 4 (66.7%) 0 6
Health centre 5(8.2%) 11 (18%) 26 (42.6%) 19 (31.1%) 61
Total 6 (8.5%) 15 (21.1%) 31 (43.7%) 19 (26.8%) 71
Eastern Referral hospital 0 0 0 0 0
General hospital 2 (100%) 0 0 0 2
Primary hospital 1 (20%) 3 (60%) 1 (20%) 0 5
Health centre 4 (10.3%) 14 (35.9%) 14 (35.9%) 7 (18%) 39
Total 7 (15.2%) 17 (37.0%) 15 (32.6%) 7 (15.2%) 46
Mekelle Referral hospital 1 (100%) 0 0 0 1
General hospital 1 (50%) 0 1 (50%) 0 2
Primary hospital 1 (50%) 0 1 (50%) 0 2
Health centre 9 (81.8%) 2 (18.2%) 0 0 11
Total 12 (75%) 2 (12.5%) 2 (12.5%) 0 16
North-West Referral hospital 0 0 0 0
General hospital 1 (50%) 0 0 1 (50%)
Primary hospital 1 (25%) 0 3 (75%) 0
Health centre 1(2.5%) 5 (12.5%) 21 (562.5%) 13 (32.5%) 40
Total 3 (6.5%) 5 (10.9%) 24 (52.2%) 14 (30.4%) 46
South-East Referral hospital 0 0 0 0 0
General hospital 0 0 0 0 0
Primary hospital 1 (33.3%) 0 1 (33.3%) 1 (33.3%) 3
Health centre 0 9 (40.9%) 12 (54.6%) 1(4.6%) 22
Total 1 (4%) 9 (36%) 13 (652%) 2 (8%) 25
Southern Referral hospital 0 0 0 0 0
General hospital 1 (33.3%) 2 (66.7 %) 0 0 8
Health centre 3 (9.4%) 9 (28.1%) 5 (15.6%) 15 (46.9%) 32
Primary hospital 2 (100%) 0 0 0 2
Total 6 (16.2%) 11 (29.7%) 5 (13.5%) 15 (40.5%) 37
Western Referral hospital 0 0 0 0 0
General hospital 0 1 (50%) 1 (50%) 0 2
Primary hospital 0 0 0 2 (100%) 2
Health centre 1 (4.8%) 0 0 20 (95.2%) 21
Total 1 (4%) 1 (4%) 1 (4%) 22 (88%) 25
the geographic distribution of the status of each health ~ DISCUSSION

facility at the locations in conjunction with Zone and
Village boundaries. Colour-coded dot-density mapping
were used to illustrate spatial patterning of our features
of interest. It is clear from the map that there are only
very few health facilities that remained to be FF (note
that even those may not be functioning at pre-Nov 2020
levels due to shortage of health workers, medical equip-
ment and supplies).

The data as of June 2021 show that more than 96% of the
1007 health facilities in the Tigray region of Ethiopia did
not meet criteria for a FF status. In fact, none of the health
facilities is at their prewar (pre-November 2020) opera-
tional status due to shortage of health workers, medical
equipment power, water and supplies. Consequently, the
health work force, the non-clinical staff and the services
provided by these facilities were inoperable and, hence,
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Table 4 Percentage and count of health facilities by status of health facilities (% of HF functioning as yes=fully functional,
no=otherwise) in the Tigray Region of Ethiopia by zone (as of June 2021)

Zone Yes No Total
Central Referral hospital 0 1 (100%) 1
General hospital 1 (33.3%) 2 (66.7%) 3
Primary hospital 0 6 (100%) 6
Health centre 5(8.2%) 56 (91.8%) 61
Total 6 (8.5%) 65 (91.6%) 71
Eastern Referral hospital 0 0 0
General hospital 2 (100%) 0 2
Primary hospital 1 (20%) 4 (80%) 5
Health centre 4 (10.3%) 35 (89.7%) 39
Total 7 (15.2%) 39 (84.8%) 46
Mekelle Referral hospital 1 (100%) 0 1
General hospital 1 (50%) 1 (50%) 2
Primary hospital 1 (50%) 1 (50%) 2
Health centre 9 (90.9%) 2 (9.1%) 11
Total 12 (75%) 4 (25%) 16
North-West Referral hospital 0 0 0
General hospital 1 (50%) 1 (50%) 2
Primary hospital 1(25%) 3 (75%)
Health centre 1(2.5%) 39 (97.5%) 40
Total 3] 43 46
South-East Referral hospital 0 0 0
General hospital 0 0 0
Primary hospital 1 (33.3%) 2 (66.7%)
Health centre 0 22 (100%) 22
Total 1 (4%) 24 (96%) 25
Southern Referral hospital 0 0 0
General hospital 1(25%) 2 (75%) 3
Primary Hospital 2 (100%) 0 2
Health centre 3 (9.38%) 29 (90.63%) 32
Total 6 (19.4%) 31 (83.8%) 37
Western Referral hospital 0 0 0
General hospital 0 2 (100%) 2
Primary hospital 0 2 (100%) 2
Health centre 1(4.76%) 20 (95.24%) 21
Total 1 (4%) 24 (96%) 25
Total Referral hospital 1 (50%) 1 (50%) 2
General hospital 6 (42.9%) 8 (57.1%) 14
Primary hospital 6 (25%) 18 (75%) 24
Health centre 23 (10.2%) 203 (89.8%) 226
Total 36 (13.5%) 230 (86.5%) 266

not providing any type of healthcare. The ongoing war
has clearly had a direct impact on the healthcare delivery
of the Tigray region. The implication of the destruction
of health facilities varies by geographic location at the

zonal (district) level. Almost all zones are heavily affected,
with only 4% FF in Western, 4% FF in South Eastern,
6.5% FF in North Western, 8.45% FF in Central, 16.22%
FF in Southern and 15.22% in Eastern. It is important to
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reiterate that the data were collected from February to
June 2021 in the Tigray region. The functionality of the
health facilities is expected to be much worse at the date
of publication of this report since there is a continued
blackout and siege since June 2021 that led to extreme
lack of medical and humanitarian aid.

The data we have presented serve as strong evidence of
the rapid decimation of the Tigrayan healthcare system,
of which only a small fraction of facilities remains fully
or even somewhat functional. The data also show the
frequency with which Tigrayan healthcare facilities have
been overrun and are now under occupation by Eritrean
or Amhara forces.

What makes all this devastating is the fact that the
health infrastructure in Ethiopia is among the least
developed, though the Tigray health infrastructure has
made some significant strides since 1991. Ethiopia has
fewer than one doctor for every 36 000 people—less than
neighbouring Kenya, which has one doctor per 16000
people. The devastation of the limited health infrastruc-
ture in Tigray coupled with the expected dire need for
healthcare'* ™ will likely result in catastrophe unless a
timely intervention and humanitarian aid are in place.

Although this is a single data point, from the impact
of war on Tigray’s health system, the phenomenon
is common in regions afflicted by armed aggression.
Thus, these results underscore our earlier assertion that
war should be considered a priority health agenda and
studied as a risk factor for healthcare delivery. Further-
more, as suggested by Bertone et al, decisions made in the
immediate postconflict period may allow for the opening
of a political ‘window of opportunity’ for reform of a war-
decimated healthcare system.*

Hafner and Shiffman suggest that we have entered a
period in which many organisations involved in global
health direct much of their attention and resources to
efforts intended to strengthen health systems.”® If their
conjecture is accurate, we may be at a juncture in which
considering war as a public health crisis and designing
healthcare systems to be more resilient to the impact
of war aligns naturally with the objectives of these
organisations.

The level of the human catastrophe is exacerbated by
the confluence of the destruction of health facilities and
blockade of humanitarian aid to the Tigray region.?” %
According to the Associated Press®’ and other UN reports,
there is clear evidence that deaths due to starvation have
occurred in Tigray since Ethiopia’s government imposed
what the United Nations refers to as ‘a de facto human-
itarian aid blockade’ in June.*® Moreover, according to
3 October 2021 press release and BBC interview by the
Health Bureau head of the Tigray region, the Tigray
health system is under the risk of collapse with more than
one million children under 5years old at risk of imminent
death, 22000 health workers displaced, more than 37
health workers killed and 78 health workers injured.**™

The results of this study show that war has negative
effects on most of the identified factors affecting health

and development of environments for healthy living;
previously operational healthcare systems are far less
available after the onset of war. Although additional
studies are needed to explore and clearly document data
related to these effects, it is clear that healthcare systems
and their providers are essential to address the negative
health effects of war and postwar health issues.

Some of the defining characteristics of thearmed conflict
that has been raging in Tigray include total blockade of
humanitarian aid, wanton destruction of health facilities
and the displacement of millions of people.”’ ** These
weaponised actions have exposed thousands of civilians
facing man-made starvation and millions more with
acute food insecurity due to the Ethiopian government’s
refusal to allow the necessary humanitarian aid to enter
the country in sufficient quantity, thus creating a famine
crisis of unprecedented proportions.”** As reported in a
recent publication,” the magnitude of the severe acute
malnutrition problem is alarming even with figures that
are reported to be known an underestimate of the situ-
ation due to the limited assessment feasible under the
armed conflict and blockade circumstances.

The key limitations of the study are the fact that the
data were collected under total blockade and under the
shadows of the civil war in Tigray. It is also limited to
data collected from the limited geography of the Tigray
regional state recognised by the Federal Republic of Ethi-
opia until June 2021. It is well known that, during civil
war, collection and objective assessment data on health
are challenging.”®*” In addition to the interest by parties
involved in conflict to try to use data and statistics for
their political gain, the lack of access to insecure areas
is an impediment to the collection of high-quality data.
However, all possible mitigation factors including trian-
gulating data from multiple sources (listed above) were
used to make sure that the collected data are of high
quality. We have also included a team of local, national
and international experts to make sure that the analysis
and write up reflect the data we collected. There are some
developments since June 2021, but the security situation
and the continued blockade and black out continue to
make collecting additional data challenging.

Little research has been done to clearly document the
effects of war on the social determinants of health®™ and
the sustainable development goals influencing health
(13 of the 17) that have been identified by the United
Nations and the WHO?; this is likely due to the difficulty
in collecting reliable and meaningful data amidst an
armed conflict. The collection and analysis of the data
for this study may serve as an example for future studies
and shape current US and UN policies towards resolving
the current Tigrayan crisis and future crises.

Public health aims to protect and promote the public’s
health, while war impedes, disrupts, damages and even
prevents public health efforts around the globe. Thus,
global health associations should list war as a priority
health issue. This will encourage researchers to suggest
prevention measures and public health professionals to
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work together to identify best practices for promoting
public and global health efforts in war-torn areas.
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Appendix — Reflexivity Statement
1. How does this study address local research and policy priorities?

The data were collected to study the geographical distribution of the health crisis of war in the Tigray
region of Ethiopia. Thus, the results and conclusions are directly relevant to local and international
policy makers as they prioritize the funding of the rehabilitation and restoration of the destroyed
health infrastructure and health work force in the region. The inclusion of local researcher in the team
allows for accounting of the local perspective on the discussion of the results of the study.

2. How were local researchers involved in study design?

The local authors (FA, RE, ZA) are long term global health collaborators of the first author (MG). As
described in the contributions section, the joint first author FA was involved on the design of the
study, collection of data, IRB application and in the drafting and editing of the manuscript. All the
other local collaborators (RE, ZA) were also involved in the triangulation efforts of the data.

3. How has funding been used to support the local research team?

While some funds from the grant to first author (MG) and co-author (JK) from the Medical University
of South Carolina (MUSC) Center for Global Health and co-author (JC) discretionary funds are used
to pay for publication fees, there was no direct support to the local research team. Up to this point in
time, the prevailing war situation in the Tigray region of Ethiopia doesn’t allow for transfer of any
funds from the US to Tigray.

4. How are research staff who conducted data collection acknowledged?

We have acknowledged the contributions of the staff of our key collaborators who participated in the
collection and verification of the data including staff (FA, RE, ZA) of Mekelle University College of
Health Sciences (MU-CHS), Tigray Region Health Bureau (TRHB), Tigray Health Research Institute
(THRI), and the former Interim Government of Tigray.

5. Do all members of the research partnership have access to study data?
All members of the partnership have access to data.
6. How was data used to develop analytical skills within the partnership?

The first author (MG) had long term partnerships with Mekelle university and the Tigray Health
Bureau. In fact, the Medical University of South Carolina had a formal memorandum of understating
(PI: Gebregziabher) with Mekelle university that allowed for partnership between the two institutions
on global health research efforts, including research capacity development. While the team members
who participated in this particular research were involved in the discussions of the analytic methods
and discussion of the findings, the prevailing war situation in the Tigray region of Ethiopia didn’t
allow for direct involvement of the staff of our partners at Ayder hospital of Mekelle university in the
efforts to develop analytic skills as a result of this work. When peace prevails, we would like to return
to our joint capacity development efforts that includes analytic skills development.

7. How have research partners collaborated in interpreting study data?

The team members (FA, RE, ZA) were directly involved in the interpretation and discussions of the
findings of the study.
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8. How were research partners supported to develop writing skills?

The first author (MG) had long term partnerships with Mekelle university and the Tigray Health
Bureau including a formal MOU to undertake research capacity development. The team members
who participated in this particular research were senior physicians (FA, RE, ZA) who didn’t need any
training on writing skills. However, such endeavours had been opportunities to train junior
researchers in research methods including writing skills. When peace prevails, we would like to
return to our joint capacity development efforts that includes analytic skills development.

9. How will research products be shared to address local needs?

This consensus statement will be published as open access. We have developed a post-publication
dissemination plan in consultation with the journal to distribute recommendations across a wide
constituency. This will include engagement with research leaders in global health and other fields
involved in international collaborations, with potential journal signatories based in both high-income
countries and low- and middle-income countries; and with journalists, again both based in high-
income countries and low- and middle-income countries. We will present our findings in conferences
as well as local seminars.

10. How is the leadership, contribution and ownership of this work by LMIC researchers
recognised within the authorship?

Author FA worked as part of the senior authorship team in developing this manuscript, and his
contribution has been recognised as joint first author. We have two authors (RE, ZA) from LMIC who
contributed to the research. The first author (MG) and co-author (AT) are also originally from LMIC
though they currently work in the US. Thus, the authorship has a good balance of researchers based in
LMIC and high-income countries.

11. How have early career researchers across the partnership been included within the
authorship team?

We have included early career researchers (AT, HS) within the authorship team. They attended all the

workshops, contributed to data management and evidence synthesis. We acknowledge that they are

based in high-income countries.

12. How has gender balance been addressed within the authorship?

Five authors are male (MG, FA, RE, ZA, JK, JP, JC) and two authors are female (AT, HS)

13. How has the project contributed to training of LMIC researchers?

The authorship team is primarily composed of senior researchers except for two junior researchers

who are not based in low- and middle-income countries. Thus, there was no need to do direct training
of the LMIC researchers in the team.

14. How has the project contributed to improvements in local infrastructure?
This project has not directly contributed to improvements in local infrastructure.

15. What safeguarding procedures were used to protect local study participants and
researchers?

There was no primary data collection on individual subjects as part of this project, therefore this
question is not directly applicable. The data collection was on health facilities. We have specifically
considered the issue of safeguarding within the manuscript.
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Hello again Prof. Mulugeta,

=

A .The correct numbers as provided by the Tigray regional health bureau

Type Central | Eastern | Mekelle | Northwest | Southeast | Southern | Western | Total
Tigray | Tigray Tigray Tigray Tigray | Tigray | Tigray

Health | 61 39 11 39 22 33 21 226

Center

General |3 D 2 2 0 3 2 14

Hospital

Primary | 6 5 2 4 3 2 2 24

Hospital

Referral | 1 0 1 0 Of = 0 0 2

Hospital

Zone 71 46 16 45 25 38 25 266

Totals ;
My points: :

As you might know, the health system in Tigray has three tiers:

1. Primary Health Care Unit: consisting of

> Health Post (Total of 741)
> Health Center (Total of 226)
» Primary Hospital (Total of 24)

2. General Hospital (Total of 14)

3. Tertiary care Hospital or commonly referred to as referral hospital (total of
2). In real sense, only Ayder is a referral hospital. A lot of services are
missing in Axum teaching hospital that need to be made available. So, you
may sometimes hear that there is only one referral hospital in Tigray.

B. Future Work

I met Prof. Afework and Dr. Hagos Godefay yesterday and they are both glad
to work with you. Afework asked me to contact Hagos as he is in charge of
all the data that the team is gathering. Both have sincere desire to publish
the data so that the world knows what has happened to the health system in
Tigray. They both would love to know the manuscript you have written so
that it goes well with the subsequent manuscripts the team and you might
proceed to publish. Hagos has asked me to tell Afework to keep in touch

with you. I will ask Afework to find a place where an contact you via
email. Zaed *
Let us keep in touch. Have a good day. /,°G# - @

Amanuel Haile

.edu.et
ckelle, Tigray-Ethiopia

Fax 251-034-441-66-81/91 (2 P.O. B. 1871 (/v Wwmuedt,
i
& Stop AIDS Keep the-Profifise! &

Letter of approval and verification from the College of Health Sciences at Mekelle University,
Tigray region of Ethiopiaa.
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