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ABSTRACT

Background We examined the human toll and
subsequent humanitarian crisis resulting from the Russian
invasion of Ukraine, which began on 24 February 2022.
Method We extracted and analysed data resulting

from Russian military attacks on Ukrainians between 24
February and 4 August 2022. The data tracked direct
deaths and injuries, damage to healthcare infrastructure
and the impact on health, the destruction of residences,
infrastructure, communication systems, and utility services
— all of which disrupted the lives of Ukrainians.

Results As of 4 August 2022, 5552 civilians were killed
outright and 8513 injured in Ukraine as a result of Russian
attacks. Local officials estimate as many as 24 328 people
were also killed in mass atrocities, with Mariupol being
the largest (n=22 000) such example. Aside from wide
swaths of homes, schools, roads, and bridges destroyed,
hospitals and health facilities from 21 cities across Ukraine
came under attack. The disruption to water, gas, electricity,
and internet services also extended to affect supplies

of medications and other supplies owing to destroyed
facilities or production that ceased due to the war. The data
also show that Ukraine saw an increase in cases of HIV/
AIDS, tuberculosis, and Coronavirus (COVID-19).
Conclusions The 2022 Russia-Ukraine War not only
resulted in deaths and injuries but also impacted the lives
and safety of Ukrainians through destruction of healthcare
facilities and disrupted delivery of healthcare and supplies.
The war is an ongoing humanitarian crisis given the
continuing destruction of infrastructure and services

that directly impact the well-being of human lives. The
devastation, trauma and human cost of war will impact
generations of Ukrainians to come.

INTRODUCTION

The full-scale Russian invasion of Ukraine
started on 24 February 2022. Before the war,
Ukraine had a population of 41.6million.'
As of 4 August 2022, 7.1 million people
remain displaced — forced to flee from their

,"" Andriy Zimenkovsky © 5

WHAT IS ALREADY KNOWN ON THIS TOPIG?

= The Russian attack on Ukraine has caused the big-
gest war in Europe since the Second World War,
which triggered several crises such as a massive
exodus of citizens from their homes, massive depor-
tations of people from the occupied territories, and
military violence with massive executions of citizens.

= There is little information about the in-depth impact
of the Russia-Ukraine war on healthcare and the
humanitarian crisis, including destruction of infra-
structure and services that impact the well-being of
Ukrainians daily.

WHAT THIS STUDY ADDS?

= This is a first attempt to document civilian casualties
by weapon type and damage to healthcare infra-
structure, alongside the greater toll of destruction of
civilian infrastructure and utilities.

= This study considers the destrupted Health Service
delivery and the growing humanitarian crisis due to
destructions of residences, infrastructures, com-
munications, and utilities that affect the health and
well-being of human lives in Ukraine.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY?

= This study informs public health preparedness on
potential healthcare infrastructure that has been se-
verely impacted by the war, further suggesting ways
to prioritise healthcare delivery.

= Future research on the impact of the Russia-Ukraine
war on the mental health of Ukrainians is needed.

own homes by the war within Ukraine and
10.3 million refugee movements have been
recorded out of Ukraine.”” Ukraine’s health-
care system was already facing difficulties such
as underfunded healthcare and inequities
in the distribution of resources and hospital
location before the war began.*
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Since its 2014 healthcare reform, Ukraine has seen a
steady decline in infant mortality.* Nonetheless, this rate
in Ukraine was still 1.85 times higher than the European
Union average rate in 2019 (7.2 deaths per 1000 live
births in Ukraine vs 3.9 deaths per 1000 live births in the
European Union).*® Another healthcare sector that has
drastically changed over the years is the pharmaceutical
industry. The Ukraine has increased its production of
medicines over time — moving from having a few pharma-
ceutical plants during the collapse of the Soviet Union
in 1991 to establishing a relatively strong pharmaceutical
production sector.” However, any gains over the years
related to healthcare improvement and/or pharmaceu-
tical production will likely be reversed given the current
war in Ukraine.

Communicable diseases were also a major health
concern in Ukraine even before the current Russian inva-
sion. Ukraine has the fourth-highest tuberculosis (TB)
rate in Europe, with 30000 people diagnosed with TB
each year.” " Drug-resistant TB accounted for 29% of all
new diagnoses,’ and only 81% of the total TB cases were
diagnosed and treated."" In addition to TB, it is estimated
that about 152000 of 260000 people living with HIV in
Ukraine receive antiretroviral therapy.'® Challenges in
diagnosing and treating various communicable diseases
in Ukraine were compounded by the country’s limited
medical supplies.'” Given the current Russian invasion
of Ukraine, the WHO’s (WHO) Health Emergencies
programme cautions that a new COVID-19 variant could
gravely impact the already vulnerable refugee population
and the millions of displaced people."” The surrounding
nations absorbing an influx of refugees are also likely
to experience a surge in COVID-19 cases,'* resulting in
possible increases in hospitalisations and deaths from
COVID-19.

Another area of concern is the impact of the war on
the well-being of Ukrainian children. Beyond the imme-
diate threats to life, the war in Ukraine has led to atrisk
children with chronic conditions experiencing treatment
disruption.” According to the International Diabetes
Federation Atlas, around 6700 children and adolescents
were diagnosed with Type 1 diabetes in Ukraine in 2021."°
The scarce access to essential health resources for these
children during military conflicts is worrisome.

Aside from the bombardment of hospitals and dispen-
saries that impact the deliveries of healthcare and health
services, shelling and bombing in areas with active hostil-
ities also destroyed homes, schools, bridges, and nuclear
power plants. Due to the blockade of cities by Russian
troops, wounded civilians, including mothers and
newborns were unable to receive appropriate medical
care."” ™" Taken together, the Russian invasion not only
impacts lives and safety, but the health and well-being of
all Ukrainians due to the impact of the invasion on access
to clean water, gas and electricity, as well as the internet
and other forms of communication.?’ In essence, the
Russian invasion has resulted in a humanitarian crisis for
Ukrainians.

The war has damaged an already fragile healthcare
system, caused ongoing civilian casualties, and it has
involved direct attacks on healthcare facilities and resi-
dential areas. Yet, not much is known about the extent of
the human and societal costs since the start of the 2022
Russian invasion of Ukraine. Thus, the purpose of this
study was to determine the human toll including overall
civilian casualties and injuries from attacks, casualties by
different types of attack weapons, attacks on healthcare
facilities — including children’s hospitals and maternity
wards, and the impact on health and spread of diseases.
We also consider the humanitarian crisis brought on
by destruction of residential areas, civilian infrastruc-
ture, communication systems, and disruptions to utility
services.

METHODS

Data collection

We first extracted data from online and printed news
published in English (live update) and Ukrainian
languages. These sources included but were not
limited to Al Jazeera, the BBC, CNN, Fox News, Voice
of America, the Kyiv Independent, Ukrainian local
newspapers, The Guardian, Reuters, Forbes, UNICEF,
and the UN. The news contained data on all primary,
secondary, and tertiary healthcare facilities, along with
attacks on ambulances, and pharmacies, direct civilian
deaths, and injuries from attacks. The data included
violent deaths directly from a missile attack on hospi-
tals, and other civilian infrastructure such as residential
buildings, dams, bridges, churches, schools, television
tower, theatre, and power plants. In addition, the news
contained data on the impact of human rights violations
including atrocities committed by the Russian mili-
tary and missing or unaccounted for civilians, and the
destruction of actual physical infrastructure and disrup-
tion to utility and communication services. The attacks
on Ukrainian forces that did not result in civilian casu-
alties are not counted in this dataset. To avoid dupli-
cating data from the many mass media sources that were
included in our analysis, we created a database to keep
track of hospital destruction, physical infrastructural
damage which destroy a facility or building, shelling, and
all lethal events. Complete information on locations,
dates, events, and fatalities or injuries were recorded.
The approximate number of people Kkilled in occu-
pied and ruined cities was collected from the Ukraine
Ministry of Health. Additionally, we compiled data on
the number of attacks on health facilities — including
children’s hospitals and maternity wards, nuclear plants,
residential buildings, churches, schools, dams, bridges,
and food supply (i.e. running out of reserves in all large
grocery stores). Data were also vetted by checking with
numbers released by local Ukrainian media outlets, the
Ministry of Defence, and the Ministry of Health. We also
collected data from the Ukrainian Ministry of Health
to describe communicable diseases impacted by the war
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that had not been reported in English language sources.
The injuries and fatalities data were also cross-checked
with the UN sources. We used data from 24 February
to 4 August 2022. We have summed each day’s events
(deaths and injuries with different attacks in different
cities and villages in Ukraine). More details about the
references are in the online supplemental file 1 (supple-
ment texts).

Data cleaning

During data cleaning, we cross-checked each event
with multiple sources for accuracy and removed dupli-
cate records. These sources included the Surveillance
System for Attacks on Healthcare (SSA)/WHO, Office
of the United Nations High Commissioner for Human
Rights, online and printed news published in English and
Ukrainian languages, and the Ukrainian Ministries of
Health and Defence. If an inconsistency was noted, our
collaborators in Ukraine would check with the Ukraine
Ministry of Health, and the Ministry of Defence by phone
call or email to ensure data quality. Data variables per
event included the date, the name of the city, and the
number of fatalities and/or injuries. We also combined
fatalities and injuries that were reported on a particular
date for civilians and from medical facilities. These fatal-
ities and injuries were reported by date. We categorised
weapon types used as aerial bombing, artillery, shelling,
mining, Multiple Launch Rocket Systems (MLRS) and
missile. We have summed each day’s events (deaths
and injuries with different attacks in different cities and
villages in Ukraine). After finalising the data set, the data
were checked for possible null values, duplicates, and
errors.

1,000

— Fatalities (New)
- Injuries (New)

New Civilian Fatalities & Injuries (logarithmic)

T Fatalities (Cumulative)
M Injuries (Cumulative)

Data analysis

We performed exploratory analyses of all the data
collected, including 250 event-based attacks using
descriptive statistics. Areas of focus included: (1) new and
cumulative civilian fatalities and injuries; (2) casualties by
weapon type; (3) casualties associated with hospital and
residence attacks, including mass atrocities and missing
or unaccounted civilians; (4) the destruction and disrup-
tion of hospitals and other elements of healthcare infra-
structure, including children’s hospitals and maternity
wards; (5) description of outbreaks of key communicable
diseases; and (6) the destruction of non-healthcare-
related civilian structures and disruption to utilities and
communication services. The analysis was performed
using Excel (Microsoft, Redmond, Washington) and
Anaconda Python 3.0 (Anaconda Inc., Austin, Texas).
Visualisation was developed using Excel and Keynote
(Apple, Cupertino, California). All dates in the figures
are presented in ISO 8601 format (YYYY.MM.DD) to
reduce confusion for an international audience. Our
analysis is a compilation of data on deaths, injuries and
factors that directly or indirectly impact the health and
well-being of Ukrainians as a result of the war with Russia.

RESULTS

Fatalities and injuries

The results presented in this current research study are
based on the sources of data that were available to our
research team as of 4 August 2022, after 162 days of
Russian military attacks. There were 5552 civilians directly
killed and 8513 were injured in Ukraine (figure 1). A
total of 2383 deaths were extracted from a single source,
1787 deaths were extracted from two sources, 743 deaths
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New and cumulative civilian fatalities and injuries, 24 February to 4 August 2022. New civilian fatalities and injuries

Figure 1

are represented by lines using a logarithmic Y-axis on the left. Cumulative civilian fatalities are shown as the area under the line
using a linear Y-axis on the right. Time is represented on the X-axis in 17-day increments.
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A Total Civilian Casualties by Month

B Casualties by Weapon Types

Fatalities Fatalities
February 2,063 M Injuries @ Injuries
A B [ D E F
Label Weapon Types  Days with attacks Fatalities Injuries Casualties

April 3,087

A Mining 20 511 713 1224

B MLRS 25 427 842 1269

c Artillery 29 1030 1182 2212

D Aerial bombing 40 1297 2894 4191
May 2,750 E Missile 69 2073 3796 5869

F Shelling 145 4966 7785 12751

(2C) Fatality Rate by Number of Weapon Types Used

4,751 5,830 2,774 477 175

June 1,788 100% Casualties Casualties Casualties Casualties Casualties
n u - lnjuries
o Fatalities
50% 38%
July
0%
0 700 1,400 2,100 2,800 3,500 1 2 3 4 5

Figure 2 Civilian casualties by weapon type used by Russian forces, 24 February to 4 August 2022. The research database
included information about which weapon types (aerial bombing, artillery, mining, missiles, MLRS, shelling) were used in
association with attacks resulting in casualties. Some of these casualties also happened with other weapon types such as guns
or bullets but cannot be quantified here. Figure 2A shows all civilian casualties by month August data not shown). Figure 2B
shows casualties for attacks in which specific weapon types were involved. The size of the pie charts is proportional to how
often that weapon type was used. Figure 2C shows the fatality rate by the number of weapon types documented in a given

attack.

were extracted from three sources, and 639 deaths were
extracted from four sources. Among them, 18 medical
workers died as a result of rocket attacks and shelling, and
more than 50 were injured.”’ Most of the civilians killed
were from Cherkasy, Chernihiv, Kharkiv, Kherson, Kyiv,
Mariupol, Mykolaiv, Odesa, Sumy, Zaporizhzhia, Dnipro,
and Zhytomyr. The highest, single-day number of civilian
fatalities (162) was reported on 27 February (figure 1).
Shelling was the most common weapon type documented,
used in 145 out of 162 days of hostilities (figure 2).
Attacks that involved shelling were the deadliest, resulting
in 4966 fatalities, or nearly 90% of all deaths. Hospitals
were attacked on 78 out of 162 days, and residences were
attacked every day (figure 3). There was 1day, 5 March,
during which all casualties from residential attacks were
deaths. Attacks on residences resulted in more total fatal-
ities and injuries than attacks on hospitals. In addition,
attacks on residences had a slightly higher proportion
of fatalities relative to casualties compared with attacks
on hospitals, 39.5% vs 34.3%. Finally, using low estimates
from the Ukrainian Ministry of Health, approximately
24328 people were killed by mass atrocities or were unac-
counted for in Bucha, Irpin, Kharkiv, Kherson, Kreminna,
Mariupol, Popasna, and Trostianets. This was overwhelm-
ingly so in Mariupol22 (figure 4).

Healthcare infrastructure and disruption to delivery of
healthcare and health services

In addition to the civilian casualties, we identified 32 major
hospitals in Ukrainian cities that were attacked during
the study period (figure 5). These included a maternity
hospital, a Red Cross healthcare facility, a cancer hospital,
and multi-disciplinary hospitals in Mariupol. All these
confirmed attacks on hospitals and healthcare facilities
are reported as direct Russian attacks. We reviewed the
SSA/WHO’s report and identified 445 attacks on health-
care facilities, with 374 attacks that impacted healthcare
facilities and included 109 attacks that impacted supplies
(figure 6). All different types of health facilities such as
primary, secondary, tertiary care,” and other facilities were
also attacked (table 1).

Concerning disruption in deliveries of healthcare and
health services, pharmacy data®® shows that the total
number of working pharmacies in Ukraine dropped
by 19% (n=3695) between 23 February and 4 June 2022
(figure 7). The most critical humanitarian situation was in
Mariupol (not shown in figure 8), which had no pharmacy
and no access to essential medicines, as of 4 June 2022.
Only 13% of pharmacies were operating and dispensing
medicines in Chernihiv and 35% of pharmacies were
operating in Kharkiv. However, the number of pharmacies
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162 Days since Russia 162 Days with attacks
invaded Ukraine on residences
Days with fatalities 162
Days with injuries 161
Days with casualties 162
Total fatalities 5540
Total injuries 8490
Total casualties 14030
Casualties per days with attacks 86.6
Fatality proportion of casualties 39.5%

78 Days with attacks
on hospitals

8
11
14
12
23
S

0.45

34.3%

Figure 3 Civilian casualties associated with attacks on hospitals and residences by Russian forces, 24 February to 4 August
2022. The bars at the top of the figure represent the total number of days with attacks on hospitals vs residences. The tabular

data below list the number of days with fatalities, injuries, casualties, and the total numbers of each.

operating in Kyiv increased; as of 4 June, 62% of pharma-
cies were operating.

During wartime, infectious disease outbreaks are more
likely to occur,%_28 possibly from delayed or interrupted
vaccinations or disruption to clean sources of water, as well
as crowded quarters. Botulism outbreak was reported, 23
people were infected and two people died.? * The polio
vaccination campaign was stopped31 and 950434 patients
were diagnosed with COVID-19 during the war resulting

in 8402 deaths in Ukraine.” ™ Meanwhile, 6837 people
were also diagnosed with tuberculosis, and 3393 with HIV/
AIDS.*

Attacks on civilian Infrastructure and disruption to utilities
and communication services

In addition to casualties of war and disruption to
delivery of healthcare and health-related services, there
were at least 250 attacks on non-healthcare civilian

TROSTIANETS BUCHA MARIUPOL
606 people 900 people 22,000 people

KHARKIV IRPIN
336 people 200 people

KHERSON
126 people

POPASNA
KREMINNA 100 people

60 people :
Time —
2022.02.24 2022.03.02 2022.03.05 2022.04.18 2022.05.08 2022.05.20
Figure 4 People were killed by mass atrocities or unaccounted for across eight cities in Ukraine. Time is represented along
the X-axis. The area of each circle is proportional to the number of people killed or not traceable.
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(54)
Belarus

¢

Types of Infrastructure Attacked or Disrupted:

ﬁ = Civilian and Residential

Black Sea

! = Utility Services

@ = Communication Systems O = Additional Health Infrastructure

City Population (M)

Hospital Facilities Damaged

BMJ Global Health 8

Type of Damage or Loss

A Cherkasy 0.27
B Chernihiv 0.28
c Dergachi 0.02
D Dnipro 0.97
E Izyum 0.05
F Kharkiv 1.47
G Kherson 0.28
H Kyiv 2,95
I Mariupol 0.46
J Melitopol 0.15
K Mykolaiv 0.47
L Odesa 1.01
M Rubizhne 0.06
. N Severodonetsk 0.09
0 Sumy 0.26
P Vasylivka 0.01
Q  Volnovakha 0.02
R Vuhledar 0.018
s Vyshhorod 0.03
T  Zaporizhzhia 0.71
u Zhytomyr 0.26

+ Central District Hospital
* Pediatric Dental Clinic

Dergachi Central Hospital

Central Hospital

* Red Cross Office

+ Hospital Maternity Ward

+ Kharkiv Regional Children's Clinical
Hospital No. 1

* Regional Blood Center

* G3 hospital

Center for social and psychological

rehabilitation for children

* Kyiv Ohmatdyst Children’s Cancer
Hospital

* Mediland Clinic

+ Adonis Maternity Hospital

+ Maternity and Children’s Hospital

+ Mariupol Regional Intensive Care
Hospital

* Red Cross Office

Cancer Hospital

Cancer Hospital

Multidisciplinary Hospital
+ Severodonetsk City Multidisciplinary

Hospital
« Children's somatic department

Zaporizhzhia Regional Military
Administration

Volnovakha Central District Hospital
Central City Hospital

Ukrainian Red Cross

City Hospital

* Building set on fire2021

« Office and dental equipment damaged?
Buildings damaged, electricity and gas
supply destroyed?:25

*NA

*NA

* Hospital damaged, an employee injured?®

* Building partially damaged, three staff
injured??

*NA

Building shelled and damaged®03!

* A child was killed and five others injured32

* Building and medical equipment were
damaged??

* Building damaged?®*

* Maternity hospital, children's ward, and
therapeutic ward completely destroyed3’

* Intensive Care Unit Supplies destroyedss-40

« Building destroyed#!

Building damaged, operating room
destroyed*?

Building damaged#®

Hospital destroyed#4

+ Building partially destroyed*s
* Hospital roof caught firet®

Reception, resuscitation, and surgical
departments damaged; 3 people killed, 4
injured®?

The top floor burned out#®

Four civilians killed and 10 wounded
(including 6 doctors)+%s

Building damageds!

Figure 5 Attacks and disruption to key civilian and healthcare infrastructure across Ukraine, 24 February to August 5,
2022. Figure 5A shows a map of Ukraine with 21 cities labelled that experienced major attacks or disruptions. The legend at
the bottom of the figure shows the icons representing civilian and residential infrastructure, communication systems, utility
services, and additional health infrastructure (e.g. medical supplies). The letters on the map in Figure 5A correspond to the
cities listed in Figure 5B. Individual hospitals attacked and the type of damage they experienced is detailed in Figure 5B.

67 Attacks impacted
Transport
374 Attacks impacted 53 Attacks impacted
facilities m‘D& personnel

Attacks on Health Care

S

23 Attacks impacted 12 Attacks impacted
patients warehouses
109 Attacks impacted
supplies
Figure 6 Infographic summarising the data for Ukraine in

the WHO's surveillance system for attacks on Healthcare, 24
February to August 5, 2022.

infrastructure that impacted the safety and well-being of
Ukrainians and compounded the humanitarian crisis in
Ukraine (figure 8). We recorded attacks in 82 different

cities, villages, and municipalities; targets ranged from
museums (n=9) and playgrounds (n=2) to bridges
(n=13) and airports (n=3). There were also five attacks
on nuclear plants: three attacks in Zaporizhzhia, and two
in Chornobyl. An additional small-scale research reactor
in Kharkiv also came under attack. Attacks on ammonia
warehouses and the use of phosphorous bombs were
also reported. Four attacks on food supply reserves were
observed at Mariupol, Kherson, and Chernihiv. There

Table 1 Total number of facilities attacked

Total Attack Total Total
Facility type attacks (%) injured death
Primary & 123 32.711% 3 2
preventive care
Secondary care 152 40.43% 49 12
Tertiary care 18 4.79% 3 1
Mobile clinic 1 0.27% 0
Pharmacy 9 2.39% 0
Warehouse 7 1.86% 0 2
Others* 66 17.55% 17 63
Total 376 100% 72 81

*Ambulance, Centre for Emergency Care, Nursing homes,
Rehabilitation centres, Blood transfusion, Bureau of Forensic
Medical Examination, and Disaster Medicine.
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19,546

15,851

N
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Fe @ TETEF EFTFF S S
4% 5% 5% 5%

-10% -11%

-34% _359%

3,695 (19%) fewer working pharmacies

2022.02.23 2022.06.04
Figure 7 Change in the number of working pharmacies in Ukraine between 23 February and 4 June 2022. Data available for
22 oblasts shown. The first vertical bar represents 19546 pharmacies in the 22 oblasts the start of the invasion, and the vertical
bar on the right represents 15851 pharmacies as of 5 August 2022 (the end date of our data collection).

162 Days since Russia invaded Ukraine
250 Attacks on civilian infrastructure
82 Cities, villages, and municipalities

February
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2022.02.24 2022.08.03

Figure 8 Attacks on non-healthcare civilian infrastructure by Russian forces, 24 February to 4 August 2022. The chart
plots the total number of attacks on civilian infrastructure documented per week. In the background, an image typical of the
destruction caused by Russian forces is visible.
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was disruption to the electricity supply in 15 cities; and to
the water supply in 8 cities.

Most Ukrainian cities that came under Russian military
attacks experienced multiple challenges from damage to
civilian infrastructure that resulted in disruption to utility
services such as gas and electricity, as well as communica-
tion services. The map in figure 5 shows the location of at
least 21 cities that experienced significant disruption to
utility and communication services.

DISCUSSION

There has been a continuous increase in civilian fatali-
ties and injuries since the Russian invasion of Ukraine
on 24 February 2022. The Russian army’s occupation of
certain territories however, prevented appropriate regis-
tration of all deaths and injuries as some remains were
left unclaimed in the streets. In addition, the killing of
Ukrainian civilians or kidnappings by Russian troops
additionally violated human rights and contributed to
the trauma of war. The impact of this trauma will affect
future generations of Ukrainians.

Our data showed that, shelling was the most common
and major cause of death and injury. In addition, the
indiscriminate use of explosive weapons in residen-
tial areas was responsible for the largest proportion of
civilian casualties and the destruction of critical civilian
and healthcare infrastructure. The myriad of healthcare
consequences and the aftermath of the war are expected
to take an even greater toll on Ukrainians. With health-
care facilities being the most attacked infrastructure
during the war, coupled with destruction of civilian infra-
structure that impact the safety and well-being of Ukrai-
nians, this stands to cripple Ukraine’s healthcare reform
and compound the humanitarian crisis in Ukraine.

A targeted attack on a children’s and maternity hospital
in Mariupol prompted international outrage. Many
international organisations have called these attacks war
crimes that are in direct violation of the Geneva Conven-
tions of 1949, which prohibit targeting residential areas
and healthcare facilities.”” Our findings indicate contin-
uous targeting of health facilities and residences over the
162 days included in this study. Both the constant attacks
on residential areas and the high proportion of attacks
on healthcare facilities are highly unlikely to be random
and are consistent with a pattern of intentional targeting.

Moreover, patients and people who were injured or
suffering from chronic diseases have limited access
to medical care and medications during the current
conflict. For example, people living with HIV and tuber-
culosis have not been able to receive the drugs they need
promptly.*® Because of bombardment of hospitals, facto-
ries, and dispensaries, the distribution system needed for
the timely delivery of medications and needed drugs was
disrupted. Due to destroyed roads, constant shelling, and
threats, many pharmaceutical companies have faced the
daunting challenges of little or no access to raw materials
and difficulty in delivery of pharmaceutical products.

Also, production is significantly reduced due to frequent
air alarms and the lack of safety for employees. In places
where there are active hostilities and shelling, some phar-
macies have closed due to safety concerns and this has
restricted access to pharmacy workers (figure 8).%” Thus,
critical supplies, including oxygen, insulin, and cancer
treatments are in short supply.” Moreover, storage facili-
ties for pharmaceuticals located near Kyiv were destroyed
by arocket strike and had damage costing up to 1.5 billion
hryvnias (approximately 50 million US dollars).* Disrup-
tion of these pharmaceutical and pharmacy services due
to the current Russian invasion may result in shortages
of medicines and supplies, which may further result in
life-threatening complications for children and adults.*’
Certain areas of Ukraine may be even more impacted by
these shortages in medicines due to an overwhelming
displacement of 7.1 million people within Ukraine.”

The occurrence of infectious diseases is expected to
worsen owing to destroyed healthcare facilities, lack of
or delayed treatment as a result of the war, displacement
of people into shelters, and overcrowded spaces with
limited or no access to water and sanitation facilities.
Further, the campaign to vaccinate against COVID-19
was halted during the Russian invasion.*' The availability
of hospital beds for COVID-19 patients decreased and
the 7-day average number of polymerase chain reaction
(PCR) tests increased significantly as a direct result of
war.'” However, the data on the case-fatality rate from
COVID-19 in Ukraine (3.24%) may be an overestima-
tion. This is due to the possibility of lower occurrence
testing given the ongoing war or possibly under-reporting
of cases by media or government sources. Nations
surrounding Ukraine that experienced an influx of refu-
gees will also be likely to experience a surge in COVID-19
cases,'* resulting in possible increases in hospitalisations
and deaths from COVID-19. Other infectious diseases,
including the pre-existing high level of mortality and
disability from tuberculosis and drug-resistant tubercu-
losis in Ukraine, are expected to worsen because of the
war.

Beyond the reported number of physical injuries and
deaths from war, and disruption in delivery of healthcare
and health services, there may be an additional health
burden as a result of the 2022 Russia-Ukraine War. While
we have no data to present on issues related to mental
health, past war experiences included post-traumatic
stress disorders, which affect veterans and civilians. Even
before the war, few Ukrainians had access to mental health
services.'” ' The war will likely exacerbate the mental
healthcare needs of both young and old Ukrainians.**

Ecological and environmental destabilisation also
leaves behind unintended lasting impacts. Fires at oil
depots and/or nuclear sites, and ammonia leaks at
industrial sites (Sumy region) can lead to exposure
sites retaining toxic chemicals and radiation, as well
as air pollution. Such exposures can pose a threat to
long-term respiratory and other chronic diseases. Also,
Russian troops occupied the Chornobyl nuclear power
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plant, dug trenches in the most contaminated part of
the Chornobyl exclusion zone, used “significant doses”
of radiation, and contaminated the vast areas they trav-
elled.” Another source of radiation pollution may be
the Zaporizhzhia nuclear power plant, which is the
largest in Europe. The plant was shelled by Russian
tanks on 4 March; the condition of its five power units
remains unknown.

As a result of shelling and bombing in areas with
active hostilities, vital infrastructure was destroyed
that could impact the safety and well-being of Ukrai-
nians. Disruptions in utilities such as electricity, gas,
and water, as well as communication services will have
a major impact on the quality of life and well-being of
Ukrainians. Nearly 30% of Ukrainian physical infra-
structure may have been damaged or destroyed during
the timeframe used for our study.** ** As of 1 August
2022, nearly 123000 houses were destroyed by Russian
attacks."®*?

The strengths and limitations of this study warrant
discussion. It is possible that news outlets reported
fewer cases or lost track of the actual number of cases
during the war. Furthermore, our study was descrip-
tive, as the data presented in the figures do not fully
reflect the full human cost of war in Ukraine. The
data on mortality and injury did not come solely
from government surveillance. While government
surveillance data may be more comprehensive and
standardised in times of peace, such data may not
likely be accurate in times of war, particularly if the
national defence is at stake. The data are likely an
underestimation given that we may not have 100%
coverage of the entire Ukraine population during
the war. One component of this study provides data
on deaths and injuries from direct attacks. The aggre-
gate number of people reportedly injured compared
with people reportedly killed in this study suggested
either high lethality or significant under-reporting of
injuries, which is a possibility. Also, this study provides
data on more obvious types of attacks, for example,
missile attacks, and attacks resulting in violent deaths
that are more likely to be reported or covered by the
media. Previous reporting by Hagopian®® for example,
found that shootings were the most common type of
killing event, which is different from our findings and
others.* ® In addition, our study would not be able
to represent violent deaths directly from executions,
beatings, or rape by military forces, because these are
less likely to be quantified, reported, or recorded.
This is likely the result of incomplete newspaper or
media reporting.” > We do not have further details
regarding the Ukrainian government’s method(s) of
data surveillance. Lastly, the exact number of injured
and dead may never be fully known given unmarked
mass graves.”' However, our data are timely, and from
multiple reliable sources verified by Ukrainian news-
papers and collaborators.

CONCLUSION

In conclusion, the impact of the recent Russian inva-
sion of Ukraine has caused massive injuries and deaths,
destroyed infrastructure and healthcare systems, and
prevented timely production and delivery of phar-
maceuticals and medical supplies. In addition, the
bombing and shelling of healthcare facilities and resi-
dential homes, the killings, and countless civilians unac-
counted for, are immense human rights violations. This
war will have a long-term impact on the physical and
mental health of generations of Ukrainians. Ukraine’s
infrastructure, health, utility and other essential systems
must be rebuilt to ensure appropriate recovery for the
country and its people. Continued surveillance and
support is imperative to help mediate the long-term
effects of the war and to rebuild Ukraine.
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