
59

Research article EMHJ – Vol. 31 No. 2 – 2025

Abstract
Background: Healthcare infrastructure, personnel and persons seeking healthcare are protected under  international 
humanitarian law. However, attacks on healthcare are increasingly a part of modern armed conflicts, including in the 
Occupied Palestinian Territory (oPt). 
Aim: To quantify and characterize reported attacks on healthcare in the West Bank and Gaza and correlate reported 
attacks involving explosives with publicly available data.
Methods: This retrospective study analysed publicly available and geolocated health facility and weapons data from 7 
October 2023 to 30 June 2024. Reports of attacks on healthcare were categorized by location, outcome and typology. Z-test 
and Chi-square analyses were conducted to compare attack types between Gaza and the West Bank using R software, and 
geospatial analyses were conducted using ArcGIS Pro software. 
Results: A total of 1280 attacks on healthcare were reported in the oPt during the study period, of which 1052 were 
included in the analysis. Most of the attacks occurred in Gaza (78.3%), followed by the West Bank (21.7%). The typology of 
these attacks varied. There was a significant difference between the types of attacks in Gaza and West Bank (P < 0.05), but 
no significant association between type of weapon used and type of attack in Gaza (|R| < 2). The hotspots of attacks  in Gaza 
were around al-Shifa, Nasser and al-Awda hospitals.  
Conclusion: There was a high burden of attacks on healthcare in the oPt during the study period. The differences in types 
of attacks between Gaza and the West Bank highlight the need for context-specific interventions in the two territories. 
There is an urgent need for actions to end the use of 2000-lb  MK-84 bombs in densely populated areas and near health 
facilities, in addition to calls for adherence to the international humanitarian law during armed conflicts.  
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Background  
Healthcare is a protected entity under  international 
humanitarian law (IHL) and measures must be taken 
to avoid damage to both healthcare infrastructure and 
personnel. However, attacks on healthcare have been 
increasingly reported in modern conflicts (1–3), including 
in Syria, Sudan, Ukraine, and Myanmar (4). Attacks 
on healthcare attributed to the Israeli military in the 
Occupied Palestinian  Territory (oPt)  have been a long 
time occurrence (5–7). The Report of the Independent 
International Commission of Inquiry on the Occupied 
Palestinian Territory, including East Jerusalem, and 
Israel submitted to the United Nations (UN) General 
Assembly in September 2024 highlights widespread 
and systematic reports of attacks on healthcare 
workers, medical transport and healthcare facilities 
since the beginning  of the current war on 7 October 
2023 (8). As of 9 October 2024, only 17 of Gaza’s 36 
hospitals were partially functional, with 19 hospitals 
reported to be out of service (9). Less than half of 
Gaza’s primary health centres remained operational 

or partially operational (9). Significant damage to road 
infrastructure, electricity networks and water supply in 
the West Bank caused by Israeli attacks since 28 August 
2024  has made it difficult for local and humanitarian 
actors to deliver care (10).

Attacks on healthcare have profound short- and 
long-term effects. In addition to delayed, reduced, or 
unavailable access to care, insecurity due to attacks limit 
the ability of humanitarian agencies to transport supplies 
and personnel to support healthcare services. Such 
attacks can have a “long tail” with prolonged periods of 
diminished health system capacity because rebuilding 
healthcare infrastructure and workforce takes years. 

We have begun to see some of these effects in 
Gaza. Destruction of the health system has resulted 
in the dramatic decline of polio vaccine coverage and 
subsequently the first known case of poliovirus in Gaza 
since the 1970s. Although poliovirus has been detected 
intermittently in sewage over the decades, high rates 
of vaccination  had resulted in no cases of polio in Gaza 
(11,12). Poliovirus vaccination coverage in Gaza was 99% 
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in 2022,  but children were unable to receive vaccination 
as a result of the insecurity caused by Israel's attacks in 
Gaza (13). 

 Understanding the types of attacks on healthcare is 
important in providing useful information for policy 
and humanitarian actors. Therefore, as already done for 
conflicts in Ukraine (14), Syria (15) and North East Ethiopia 
(16), this study aimed to characterize Israel’s attacks on 
healthcare across the oPt between 7 October 2023 and 30 
June 2024, including types of weapons used, where the 
attacks occurred and the patterns of the types of attacks, 
so that targeted interventions may be taken to safeguard 
healthcare. The study:

•	 analysed the types of weapons used in reported 
attacks and explored potential associations 
between weapon type and attack type in Gaza;

•	 assessed patterns in the proportions of types of 
attacks on healthcare, highlighting distinctions 
between Gaza and the West Bank;

•	 assessed temporal patterns in types of attacks 
on healthcare in Gaza and the West Bank;

•	 identified geographic hotspots of 
healthcare attacks in Gaza; and

•	 evaluated the effects on healthcare infrastructure 
and personnel of detonating Mark-84 bombs 
close to healthcare facilities in Gaza.

Methods
This was a retrospective, observational study of publicly 
 available data from Insecurity Insight and previously 
verified geolocated healthcare facility data as well as 
heavy weaponry data detailing attacks on healthcare 
(17,18,19). The analysis covered the period 7 October 2023 to 
30 June 2024 and included all verified healthcare facilities 
and personnel working in the oPt. At the beginning of the 
study, WHO had identified 36 hospitals and 131 primary 
health centres in Gaza (9) and the International Trade 
Commission had identified 58 hospitals and 605 primary 
health centres in the West Bank (20).

Attacks on healthcare are defined by WHO as “any act 
of verbal or physical violence, threat of violence or other 
psychological violence, or obstruction that interferes 
with the availability, access and delivery of curative 
and/or preventive health services” (21). In accordance 
with this definition, Insecurity Insight incidents 
of violence against healthcare include: bombings, 
looting, robberies, hijackings, gunfire, forced closure of 
facilities, violent searching of facilities, arson, chemical 
attack, cyberattack, abduction of healthcare workers, 
denial or delay of healthcare services, assault, forcing 
staff to act against their ethics, execution, torture, 
violent demonstrations, administrative harassment, 
obstruction, sexual violence, psychological violence, 
and the threat of violence. 

Insecurity Insight obtains its data from many 
sources, including reports by its  partners, network 

organizations and the media. It has a dedicated team that 
identifies additional incidents reported by UN agencies 
and other sources. For the oPt, reports of casualties by the 
Ministry of Health are used (these are only included if 
Insecurity Insight matched the name to a specific date 
and location of death) (22). At the time the dataset was 
accessed in August 2024, it included details  of attacks, 
such as dates, geocoordinates, infrastructure types, 
weapons used, and perpetrators, covering the period 7 
October 2023 to 30 June 2024.

Geographic boundaries and geolocation data
To create maps of the study area using geographic 
information system, open-access shapefiles of the 
boundaries of the West Bank and Gaza were downloaded 
from Humanitarian Data Exchange (23). The coordinates 
of healthcare facility locations were obtained from 4 
open-source databases: OpenStreetMap (24), United 
Nations Office for the Coordination of Humanitarian 
Affairs (25), WHO Health Cluster (26), and Google Maps 
(27). These databases were cross-referenced to generate a 
comprehensive dataset of healthcare facility locations in 
Gaza, as previously detailed (18). 

Mark-84 bomb detonation data
Coordinates of 2000-lb Mark-84 (MK-84) bombs 
detonated in Gaza between 7 October and 17 November 
2023 were obtained from a publicly available data 
source (19). The dataset included the collation of 
coordinates of MK-84 bombs identified by CNN and 
New York Times satellite imagery investigations. 
MK-84s are colloquially referred to as "bunker buster 
bombs" and are produced for the US Department of 
Defence (19). Once detonated, steel fragments from 
the bomb’s casing have a lethal range up to 360 meters 
and a damage and injury range of 800 meters from the 
initial explosion (19). 

Data analysis
Data of attacks on healthcare were extracted into 
Microsoft Excel (28), which included 1280 attacks. Attacks 
reported in East Jerusalem and reports of attacks without 
location information were excluded (n = 59). Reported 
attacks were quantified and characterized by location, 
typology, type of weapon reported, if used, and stratified 
by region in the oPt. Attacks in which the type of weapon 
used was not reported were excluded (n =  169). Weapons 
were categorized as explosives (aerial bombs – all types, 
artillery, mortar, rocket, shelling, missile, and unspecified 
explosives) or non-explosive weapons (arson, firearms, 
fist and foot, stones, sticks, gravel, tasers, and live and 
rubber bullets).

The types of attacks were classified into 6 as follows: 

1.	 Attacks on healthcare infrastructure (attacks on 
health facilities leading to damage or destruction).

2.	 Attacks on healthcare transport (destruction, 
damage or hijacking of health transport).
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3.	 Obstruction of healthcare services (forceful entry 
into healthcare facilities, occupation of healthcare 
facilities, vicinity of healthcare facilities affected, 
access being denied or obstructed, looting/theft/
robbery/burglary of healthcare supplies).

4.	 Physical attacks on healthcare workers 
(killing, injury, physical or sexual assault).

5.	 Arrest of healthcare workers (kidnapping or arrest) . 

6.	 Psychological attacks on healthcare 
workers (threatening).
Statistical analyses were conducted using R 

Software (29). A  Z-test was conducted to compare the 
proportions of attack types between Gaza and the West 
Bank. Attack data were categorized by type and coded 
as "1" if an event occurred within a category and "0" if 
it did not occur. Proportions were calculated for each 
type based on total attacks by region, and statistical 
significance was determined at |Z| > 1.96 (P < 0.05). Chi-
square test was conducted to assess the association 
between weapon type and attack type in Gaza, 
with standardized residuals identifying the largest 
contributors (significance threshold: |R| > 2).

Maps of healthcare attacks were created using 
ArcGIS Pro (30) to visualize the locations of facilities 
and attacks (31). Hotspot analysis was performed using 
the optimized hotspot analysis tool in ArcGIS Pro. The 
tool uses a Getis-Ord Gi* statistic to determine how 
coordinate density and neighbouring values deviate 
from the overall average, producing a Z score and P 
value. Areas with 99% confidence suggest  the chance 
that clustering occurred by random is 1 in 100.

The spatial relationship of MK-84 bomb craters 
and attacks on healthcare in Gaza between 7 October 
2023 and 17 November 2023 from the Insecurity 
Insight dataset was also analysed using ArcGIS Pro. 
Attacks within 800 meters of an MK-84 bomb crater 
that resulted in injury to a healthcare worker, facility 
damage and/or facility destruction were visualized 
alongside attacks located within 360 meters of an MK-
84 bomb crater that resulted in the death of at least one 
healthcare worker. MK-84 bomb craters located within 
360 and 800 m of a healthcare facility were mapped 
separately.

Ethics approval
Ethics approval was not required for this study because 
the data analysed were obtained from publicly available 
sources.

Results
Typology of attacks on healthcare
 Insecurity Insight reported 1280 attacks on healthcare 
in the oPt from 7 October 2023 to 30 June 2024, of 
which 1052 were included in our analysis. Most of the 
attacks occurred in Gaza (78.3%), followed by the West 

Bank (21.7%). Proportions of each kind of attack were 
calculated for each region. Overall, 50.4% of the attacks 
in Gaza involved physical healthcare infrastructure, 
while 49.6% of the attacks involved healthcare workers. 
Conversely, in the West Bank, 25.7% of the attacks 
involved physical healthcare infrastructure while 74.3% 
involved healthcare workers. 

A Z-test was  conducted to determine if there was 
a significant difference in the proportions of types of 
attacks between the  2 regions. 

In Gaza, 65.8% of attacks involved explosive weapons, 
while 95.8% in the West Bank involved non-explosive 
weapons. A Pearson Chi-squared test (x² = 14.9, P = 0.011) 
indicated a possible association between weapon type 
and attack type in Gaza. Standardized residuals showed 
a significant result only for facility damage (R = −2.32), 
suggesting that such attacks occurred less often than 
expected with non-explosive weapons, with no significant 
associations for other outcomes (|R| < 2).

Temporal patterns of attacks on healthcare 
Between November 2023 and April 2024 there was a 
decrease in the proportion of attacks involving explosive 
weapons, with  a surge in such attacks coinciding with 
the Israeli military incursion into Rafah on 6 May 2024 
(Figure  1). The type of weapon remained consistent 
during the entire study period in the West Bank.

There was a change in the types of attacks in  Gaza 
during the study period. Obstruction of healthcare 
became a larger proportion of attacks during the  later 
part of the study period. The 3-month moving average 
reveals that the proportion of attacks on healthcare 
infrastructure increased from 15.4% between October 
and December 2023 to 20.9% between April and June 
2024. The outcomes of attacks fluctuated in the West 
Bank. There were several peaks of reported arrests 
of healthcare workers in Gaza, which  coincided with 
sieges on hospitals (Figure 2).

Table 1. Z-scores of differences in proportions of attacks 
between Gaza and the West Bank  from 7 October 2023 to 30 
June 2024

Types of attacks Z Score P value

Attacks on healthcare 
infrastructure 4.77 < 0.001

Attacks on healthcare transport -2.96 0.003

Obstruction of health care 
services 4.57 < 0.001

Physical attacks on healthcare 
workers 0.62 0.533

Arrest of healthcare workers -3.95 < 0.001

Psychological attacks on 
healthcare workers -6.25 < 0.001

Positive values indicate higher proportions of attacks for Gaza while negative values 
indicate higher proportion of attacks for the West Bank.
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Figure 1. Typology of weapons used in reported attacks on healthcare shown as 7-day moving averages in the West Bank and Gaza 
from 7 October 2023 to 30 June 2024

Figure 2. Reported attacks on healthcare workers shown as 7-day moving averages in Gaza from 7 October 2023 to 30 June 2024

Spatial patterns of attacks on healthcare
Figure 3 shows the locations of attacks, mapped by 
weapon type, on healthcare between 7 October 2023  to 30 
June 2024.  In Gaza, clusters of explosive attacks with 95–
99% confidence levels occurred around Al-Shifa Hospital, 
Nasser Hospital and Al-Awda Hospital.

Mark-84 bomb crater spatial analysis
Insecurity Insight recorded 189 explosive attacks on 
healthcare in Gaza between 7 October 2023 and 17 

November 2023, making 90.9% of the total attacks during 
 this period. Of those, 59 out of 81 attacks (72.8%) resulting 
in healthcare worker injury, facility damage and/or 
facility destruction were located within the expected 
range of building damage or bodily injury (800 m) of an 
MK-84 bomb crater. 

There were 63 explosive attacks which resulted in the 
death of at least one healthcare worker  (33.3%) between 
7 October 2023 and 17 November 2023. In total, 24 of the 
97 healthcare workers reported killed in explosive attacks 
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Figure 3. Locations of reported explosive and non-explosive attacks on healthcare in Gaza (left) and the West Bank (right) between 
7 October 2023 and 30 June 2024. Scales corresponding to each figure are shown. 

Figure 4. Reported explosive attacks on healthcare resulting in facility damage, facility destruction, and injury and death of 
healthcare workers which were located within lethal range (360 m) and damage range (800 m) of MK-84 bomb craters between 7 
October 2023 and 17 November 2023 in Gaza 
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(24.7%) between 7 October and 17 November 2023 in the 
Insecurity Insight dataset were within lethal range (360 
m) of an MK-84 bomb crater (Figure 4). 

Discussion
 International humanitarian law offers special protection 
for healthcare, however, the first 9 months of  Israel's 
war in Gaza were characterized by widespread attacks 
on healthcare. These attacks most commonly involved 
explosive weapons, like the ones  reported in Ukraine 
(14) and Syria (15). During the study period, attacks on 
healthcare decreased across the oPt, which may be a 
reflection of the increased attention to IHL but may also 
be a reflection of the widespread destruction caused by 
Israel’s aerial assault on Gaza in the first months of the 
war. As of July 2024, 82% of Northern Gaza’s infrastructure 
had been destroyed (32). In Rafah, approximately 58% of 
buildings had been destroyed (32). By May 2024, 76% of 
buildings in Khan Younis had been destroyed (32). 

Our geospatial analysis revealed the dire 
consequences of using MK-84 weapons in proximity 
to healthcare facilities. An international embargo on 
this type of weapon may prevent further loss of  lives 
and damage to health infrastructure. Their current use 
in high density urban areas reflects disregard for the 
protection of healthcare as stipulated by IHL. Given 
their origin in the  United States of America (USA), we 
urge USA leaders to halt their supply to Israel to ensure 
protection of healthcare facilities.

Statistical analysis highlights regional differences in 
the types of attacks on healthcare in the West Bank and 
Gaza. In Gaza, attacks predominantly caused damage 
and destruction of healthcare facilities and obstructed 
healthcare services. Thus, interventions should focus on 
diplomatic pressure through international monitoring 
to ensure protection of healthcare infrastructure. 
Lifting the current siege on Gaza is needed to repair and 
fortify damaged facilities. An arms embargo may also 
be necessary to decrease the use of destructive weapons 
against and in the vicinity of healthcare facilities.

Arrests and threats to healthcare workers and attacks 
on healthcare transportation were more common in the 
West Bank. Interventions should prioritize coordination 
between organizations to ensure that ambulances can 
safely navigate humanitarian corridors. Security training 
is critical to protect healthcare workers from arrest and 
harassment.

A functional healthcare system  not only safeguards 
the health of populations, but is also important for 
tracking health outcomes, including mortality. The 
scale of Israel’s attacks in Gaza has resulted in an 
overwhelmed healthcare system, with  a greater 
proportion of unidentified people  killed over the course 
of the war (33). In the West Bank, reports reveal difficulty 
in delivering healthcare because of the attacks (10). 
Broader strategies in the oPt should include engaging 
international legal entities such as the International 
Court of Justice (ICJ) and the International Criminal 

Court to ensure compliance with IHL. South Africa’s ICJ 
submission, accusing Israel of genocide, highlighted 
attacks on Gaza’s healthcare system (34). While the 
ICJ response did not explicitly address these attacks, it 
has called for an end to Israel's military campaign and 
for unrestricted medical aid to prevent further loss of 
lives  (35).

Strengths and limitations of the study
This analysis has several strengths and limitations. 
Insecurity Insight relies on reports from UN agencies, 
non-government organizations, academic centres 
focused on protecting healthcare, and the media, which 
may not capture all attacks. Some attacks may not 
be reported in media for security reasons. Insecurity 
Insight's verification methods exclude reports that have 
insufficient details. For example, their data reported 210 
healthcare worker deaths during the study period, while 
reports from Healthcare Workers Watch, an initiative led 
by Palestinian healthcare professionals to bring attention 
to attacks on healthcare facilities and workers across the 
oPt, reported 466 healthcare workers killed between 
7 October 2023 and 14 June 2024 (36). This figure is 
corroborated by a report by Medical Aid for Palestinians 
that 500 healthcare workers were killed between 7 
October 2023 and 26 June 2024 (37). These reporting 
limitations may have underestimated the overall burden 
of attacks on healthcare in the oPt.

The geospatial analysis also has limitations. It 
did not account for temporal clustering of attacks or 
changes in healthcare functionality in the oPt during 
the study period. It also did not include field hospitals, 
repurposed buildings or shelters providing medical care. 
Limited data on weapon specifics likely contributed to 
an underestimation of the impact of Israel's attacks on 
healthcare. Triangulating the known radiuses of MK-
84 bombs partially addressed this issue, however, this 
could not be done for other weapons. Recent updates 
by Insecurity Insight have removed geocoordinate 
information, thus limiting study reproducibility.

Despite these limitations, the study presents strong 
evidence of widespread attacks on healthcare across the 
oPt and highlights the urgent need to scale-up protection 
of healthcare during the current war.

Conclusion
There  has been a high burden of attacks on healthcare 
across the oPt during the first nine months of the current 
war. The use of MK-84  bombs has resulted in the killing 
and injury of healthcare workers, as well as damage and 
destruction of healthcare facilities. The destruction of 
healthcare facilities does not only endanger the health of 
Palestinians, it also undermines the overall effectiveness 
of the Palestinian healthcare system, with short- and 
long-term adverse health outcomes for Palestinians. 
Mass casualty events, seen frequently in both the West 
Bank and Gaza since 7 October 2023, place additional 
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Modèles spatio-temporels et typologie des attaques contre les soins de santé dans le 
Territoire palestinien occupé 
Résumé
Contexte : Les infrastructures de santé, le personnel et les demandeurs de soins sont protégés en vertu du droit  
humanitaire international. Cependant, les attaques visant les soins de santé font de plus en plus partie des conflits 
armés modernes, y compris dans le Territoire palestinien occupé. 
Objectifs : Quantifier et caractériser les attaques contre les soins de santé notifiées en Cisjordanie et à Gaza, et 
corréler les attaques impliquant des explosifs avec les données publiquement disponibles. 
Méthodes : La présente étude rétrospective a analysé les données géolocalisées relatives aux établissements de 
santé et aux armes publiquement disponibles, couvrant la période du 7 octobre 2023 au 30 juin 2024. Les rapports 
d'attaques contre les soins de santé ont été classifiés par emplacement, résultat et typologie. Des tests Z et du chi 
carré ont été réalisés pour comparer les types d'attaques entre la Cisjordanie et Gaza en utilisant le logiciel R, tandis 
que des analyses géospatiales ont été effectuées à l'aide du logiciel ArcGIS Pro.
Résultats : Pendant la période étudiée, un total de 1280 attaques contre les soins de santé ont été notifiées dans le 
Territoire palestinien occupé, dont 1052 ont été incluses dans l’analyse. La majorité des attaques ont eu lieu dans la 
bande de Gaza (78,3 %), suivi de la Cisjordanie (21,7 %). La typologie de ces attaques variait. Une différence importante 
a été observée entre les types d'attaques à la Cisjordanie et Gaza (p < 0,05), mais aucune association significative 
n'a été trouvée entre le genre d'arme utilisée et le type d'attaque à Gaza (|R| < 2). Les  principaux points d'attaque se 
trouvaient autour des hôpitaux al-Shifa, Nasser et al-Awda.
Conclusion : Il y a eu une forte pression d'attaques sur les soins de santé dans le Territoire palestinien occupé 
durant la période étudiée. Les différences de types d'attaques entre la Cisjordanie et Gaza soulignent la nécessité 
d'interventions spécifiques au contexte dans ces deux territoires.  Il est urgent de prendre des mesures pour mettre 
fin à l’utilisation de bombes MK-84 de 2000 livres (900 kg) qui provoquent des cratères dans les zones densément 
peuplées et à proximité des établissements de santé, et de lancer des appels en faveur du respect du droit  
humanitaire international pendant les conflits armés.

strain on already limited medical resources, exacerbating 
challenges in healthcare delivery. The resultant healthcare 
crisis across the oPt requires immediate action to ensure 

the safety of healthcare workers and facilities including 
a permanent ceasefire, arms embargo against Israel, or 
other deconfliction methods.

الأنماط المكانية والزمانية وتصنيف الهجمات على مرافق الرعاية الصحية في الأرض الفلسطينية المحتلة
سارة علي، تاشارا سورابانيني، محمد صبح، كيني  وانج، دانييل أندرسن، هاني موافي، دانييل ن. بول  

الخلاصة
الخلفية: يحمي القانون الدولي الإنساني البنية الأساسية للرعاية الصحية والعاملين فيها والأشخاص الذين يسعون إلى الحصول عليها. بيد أن الهجمات 

على مرافق الرعاية الصحية باتت على نحو متزايد جزءًًا من النزاعات المسلحة الحديثة، بما في ذلك تلك الدائرة في الأرض الفلسطينية المحتلة. 
الأهداف: هدفت هذه الدراسة الى تحديد حجم الهجمات الُمُبلغ عنها على مرافق الرعاية الصحية في الضفة الغربية وغزة وتوصيفها، وتوضيح العلاقة 

الُمُتبادلة بين الهجمات الُمُبلغ عنها التي تنطوي على استخدام المتفجرات والبيانات المتاحة علنًًا.
أكتوبر/تشرين   7 الفترة من  الموقع في  والمحددة  علنًًا  المتاحة  الصحية والأسلحة  المرافق  بيانات  الدراسة الاسترجاعية  البحث: حللت هذه  طرق 
الأول 2023 إلى 30 يونيو/حزيران 2024. وقد صُُنفت تقارير الهجمات على مرافق الرعاية الصحية حسب الموقع والحصيلة والتصنيف. وأُُجريت 
مكانية  جغرافية  تحليلات  وأُُجريت   ،R برمجية  باستخدام  الغربية  والضفة  غزة  بين  الهجمات  أنواع  لمقارنة  كاي  مربع  واختبار   Z اختبار  تحليلات 

.ArcGIS Pro باستخدام برمجية
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