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Introduction. Infectious disease modelling is crucial in managing disease spread, particularly in conflict zones
where health systems and infrastructure are severely compromised. However, applying these models in unstable
environments, such as during the ongoing Russian invasion invasion in Ukraine, presents unique challenges that
require adapted approaches.

Purpose. This study aims to evaluate the effectiveness of infectious disease simulation models in conflict zones
using the Capacity, Vulnerability, and Risk Assessment (CVRA) framework, specifically focusing on the impact of the
russian invasion in Ukraine.

Materials and Methods. The CVRA framework assessed the capabilities, vulnerabilities, and risks of using
infectious disease models in conflict settings. The framework's three components were used to evaluate the resources,
susceptibility factors comprehensively, and threats affecting the success of infectious disease simulations in combat-
affected areas.

Results. The results highlight the strengths and limitations of using disease models during conflict. Ukraine's
digital infrastructure and international collaboration provide a basis for disease simulation implementation.
However, significant challenges remain due to healthcare disruptions, data quality issues, logistical barriers, and
population vulnerabilities resulting from mass displacement and other factors. The CVRA framework provided a
structured approach to understanding these factors and optimizing intervention strategies.

Conclusions. This study demonstrates the potential for applying infectious disease models in conflict settings
but emphasizes the need for substantial adaptation to address the challenges specific to such environments. The CVRA
framework is valuable for systematically assessing and enhancing public health interventions in combat zones. The
study's findings provide insights that can be transferred to other conflict-affected areas, although limitations in data
availability and ethical concerns must be addressed in future work.

Keywords: epidemic model, infectious disease modelling, conflict zones, CVRA framework, Ukraine, public
health interventions, healthcare disruptions, risk assessment.

OL[IHIOBAHHS CUMY/IAILITT IHOEKIIMHUX 3AXBOPIOBAHD Y 30HAX BOMOBMX /I1ii YEPE3
KOMILJIEKC XAPAKTEPUCTHK 3JJATHOCTI, BPA3JIMBOCTI TA CTPYKTYPU PU3UKY

T.0. Yymauenko!, /I.I. YymayeHK0?

1Xapkiecvkuil HayioHa1bHUU Medu4HUll yHieepcumem, Xapkie, Ykpaina
2HayioHabHUtl aepokocMivHUll yHIBepcumem «Xapkiecokull asiayitiHuii iHcmumymy, Xapkis, Ykpaita

Beryn. ModearwsaHHs iHpeKyitiHux Xeopob € HA038UHATIHO 8AHCAUBUM 0151 KOHMPOJIKO [IXHLO20 NOWUPEHHS,
0co6auB0 8 30Hax KoH.aikmis, de cucmemu oXopoHU 300po8’ss ma iHpacmpykmypa cuibHo nopyweHi. O0Hak
3acmocyeaHHs makux modeell 8 HecmabinbHUX yM08ax, 30kpema nid uac sitiHu pocii 8 Ykpaiwi, cynposodicyemoucs
YHIKAAbHUMU BUKAUKAMU, UjO0 nompe6yroms adanmoeaHux nidxodis.

MeTa. Mema yvozo docaidxiceHHs — oyiHumu egpekmugHicms imimayilinux modesell iH@eKYilHUX X8opob y
30Hax KoH@AiKmMy, eukopucmosyw4u @peliMeopk oyiHku nomeHyiaay, epaszaueocmi ma pusukie (CVRA), 3
akyeHmom Ha enius gitiHu Pocii e YkpaiHi.

Marepiasmmm Ta Metogm. Ppeiimeopk CVRA sukopucmosysascs 043 oyiHku nomeHyiany, epasausocmell i
pusukie 3acmocysaHHs modeell iHgekyiliHux xeopob 8 ymosax kKoH@paikmy. Tpu komnoHeHMu Yybo20 PpelimeopKy
6y/1U BUKOPUCMAHI 0151 KOMN/AEKCHOI OYiHKU pecypcis, pakmopie epaziugocmi ma 3azpos, SIKi 8nausawms Ha yCcnix
M00ea08aHH s iHPeKYITHUX X80pO6 Y 30HAX BIUIHU.

Pe3yabraTH. Pe3yibmamu niokpecawoms K CU/AbHI CMOPOHU, MAK i 06MexceHHS UKOPUCMAHHS Modeell
iHpekyiliHux xeopo6 nid uac koHgaikmie. LJugpposa iHpacmpykmypa YkpaiHu ma MixcHapodHa cnienpays
3a6e3neyvyroms 0cHO8y 0415 peaaisayii ModentosaHHs 3axeopiosaHb. O0HAK ICHYIOMb 3HAYHI BUKAUKU, 3yMO8/eHI
NOpyweHHAMU 8 cucmemi OXOpOHU 300p08's, npobaemamu akocmi OaHux, Jo2icmu4Humu 6ap'epamu ma
epasausicmio HaceseHHs Yepe3 macose nepeceneHHs. Ppeiimeopk CVRA 3a6e3newus cmpykmyposarull nidxid do
PO3YyMIHHS Yux gpakmopie i onmumizayii cmpamezili empyuaHHsi.

BUCHOBKM. /laHe docaidiceHHs deMOHCMpY€e nomeHyian 3acmocye8aHHs Modesell iH@PeKyiliHux xeopob 6
YM08ax iliHU, Npome HA20.10WYE HA He0bXIdHOCcmi cymmeegoi adanmayii 0151 nodo1aHHs cheyu@divHUX BUKAUKIE YUX
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cepedosuuwy. Ppeiimeopk CVRA € YiHHUM iHCMpYyMeHMOM 015 cucmeMamuy4Hoi oyiHKU ma 800CKOHA/IeHHS 3aX00i8
2poMadcbkozo 3dopoe'ss 8 30Hax KoH@aikmy. Pesyrbmamu docaidyiceHHs Ha0aromb 3HAHHS, SKI MOXCYyMb Gymu
BUKOPUCMAHI 8 IHWUX pe2iOHaX, ypaxceHUX KOH@PAIKmMoM, xoua npobremu docmynHocmi daHuUX ma emu4Hi nNUMAaHHs

nompe6yioms supiwleHHs 8 MAU6YMHIX 0CAIOHCEHHSIX.

Kiro4oBi cinoBa: modesas enidemii, modearosanHs iHgekyiliHux xeopo6, 3oHU koH@aikmy, CVRA, Ykpaina,
8MpyUaHHs y cghepy 2pomadcbko2o 300p08 ‘s, NopyueHHs cucmemMu 0Xo0poHU 300po8 s, OYiHKa pusuKie.

Introduction. Infectious disease modelling is a
critical tool in understanding and mitigating the spread
of diseases, particularly in environments where health
systems and infrastructure are compromised. Such
models are designed to predict disease dynamics,
provide insight into intervention strategies, and guide
allocating limited resources [1]. However, applying
infectious disease simulation models in conflict zones
presents unique challenges, as the conditions in these
areas often vary drastically and unpredictably. The
ongoing military conflict in Ukraine, following the full-
scale invasion by russia in 2022, provides a
contemporary example of these challenges and
emphasizes the need for an adapted approach to
disease simulation during times of war [2].

The russian full-scale invasion of Ukraine
has had a profound impact on public health. The
widespread damage to healthcare facilities, mass
displacement of populations, and overall
disruption of essential services have created
conditions conducive to the spread of infectious
diseases [3]. Destruction of infrastructure has
limited access to clean water, sanitation, and
healthcare, while population movement has
facilitated the spread of diseases across regions,
contributing to a complex public health
emergency [4]. This situation has led to increased
risks of infectious diseases such as respiratory
infections, intestinal illnesses, and other, which are
exacerbated by factors like overcrowded shelters
and poor hygiene conditions. War also affects the
environment and increases the risks of zoonotic
and vector borne diseases.

In such complex environments, infectious
disease simulation models can be vital in
understanding potential outbreak scenarios,
informing response measures, and enhancing
resilience. These models can evaluate different
intervention strategies, such as vaccination
campaigns, quarantine efforts, or improved
healthcare provision, and assess their potential
impact on disease control [5]. However, their use in
combat zones requires adaptation to account for the
unstable context, unreliable data, and unique
vulnerabilities affected populations face. This paper
employs the Capacity, Vulnerability, and Risk
Assessment (CVRA) framework [6] to assess how
infectious disease models can be effectively utilized
in conflict situations, specifically focusing on the

conditions created by the russian invasion of
Ukraine. This approach highlights the capabilities,
limitations, and risks of using these models in
challenging settings, providing insights into how
infectious disease control measures can be
optimized during military operation.

This paper aims to evaluate the application of
infectious disease simulation models in conflict
zones using the CVRA framework. It focuses
particularly on the impact of the russian full-scale
invasion of Ukraine and seeks to identify the
strengths, limitations, and risks of using these
models to guide public health interventions in
complex and unstable environments.

Current research is a part of the
comprehensive information system for assessing the
impact of emergencies on the spread of infectious
diseases described in [7].

Current research analysis. Studying
infectious disease dynamics during conflict settings
is crucial for understanding the interplay between
warfare and public health outcomes. Numerous
research efforts have sought to explore this area by
using diverse modelling techniques to assess the
impact of conflict on disease transmission,
healthcare access, and mortality rates. This section
provides an overview of key studies contributing to
this body of knowledge, particularly those focusing
on conflicts in Guinea-Bissau, sub-Saharan Africa,
Nagasaki, Bangladesh, Nigeria, Yemen, the
Democratic Republic of Congo, Afghanistan, and the
recent Ukrainian refugee crisis.

Research on the Guinea-Bissau conflict [8]
has shown war’s significant impact on public
health, using time series analysis to create a
reference model for health outcomes during the
1998-1999 civil war. The study finds that conflict
disrupts health systems, increasing mortality and
morbidity. Time series models help understand
trends and provide benchmarks for intervention
effectiveness, indicating that disruptions to
healthcare services and infrastructure lead to
serious health outcomes, which can be analyzed
using statistical methods to develop mitigation
strategies.

In the context of sub-Saharan Africa, another
study [9] examines the effect of systematic mass
rape during armed conflicts on HIV incidence in
seven affected countries. Using a risk equation
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model parameterized with data from UNAIDS/WHO,
the study finds that mass rape significantly increases
HIV incidence in specific countries, although the
impact on overall prevalence is relatively minor. The
authors recommend targeted interventions to
reduce HIV spread among survivors, highlighting the
importance of focused public health strategies.

A study on the Nagasaki dengue outbreak
during World War II [10] investigates factors
contributing to the epidemic. The authors, Oki and
Yamamoto, utilize a Susceptible-Exposed-Infectious-
Recovered (SEIR) model to estimate the vector
density required to trigger the outbreak. Their
findings suggest that high mosquito density,
combined  with  wartime  practices and
environmental factors, played a critical role in the
1942 outbreak. This research emphasizes the
importance of vector control as a strategy for
mitigating future outbreaks.

The impact of the 1970s famine and civil war
on measles mortality in rural Bangladesh is explored
in another study [11]. Using a time series
Susceptible-Infected-Recovered (TSIR) model, the
authors estimate the measles case-fatality rate (CFR)
during this period. The findings reveal that
malnutrition caused by the famine led to an
increased CFR during a 1976 measles outbreak,
underscoring the significant influence of famine on
measles mortality and the critical need for
nutritional interventions during conflicts.

In Nigeria, the prevalence of HIV, hepatitis B,
and hepatitis C in conflict-affected areas has been
assessed through a survey logistic regression model
[12]. This study analyzed data from over 186,000
participants across conflict and non-conflict zones,
finding that individuals in conflict areas are at
significantly higher risk of testing positive for HIV
and hepatitis C. These findings emphasize the need
for targeted public health interventions in conflict
regions to address the heightened vulnerability of
affected populations.

The influence of conflict on cholera outbreaks
in Yemen has been analyzed using a system
dynamics model [13]. The authors employ causal
loop diagrams to visualize the impact of
infrastructure damage, displacement, and limited
access to essential supplies during the Yemeni Civil
War. The main findings emphasize the importance of
aligning long-term development goals with short-
term humanitarian efforts to enhance response
efficiency and resilience, demonstrating the need for
coordinated approaches in conflict settings.

The conflict in the eastern provinces of the
Democratic Republic of Congo (DRC) during the
2018-2020 Ebola outbreak has also been studied
[14]. The authors use a deterministic extension of

the Susceptible-Infectious-Recovered (SIR) model,
incorporating additional classes for contaminated
environments and escaped patients. The findings
reveal that conflict significantly exacerbated disease
spread by disrupting healthcare services, leading to
increased transmission and reduced control
effectiveness. This underscores the importance of
maintaining healthcare services during conflicts to
mitigate disease transmission.

A study on COVID-19 in conflict-affected
Afghanistan [15] employs an Exponential Smoothing
(ES) model, specifically Holt's linear trend, to
forecast COVID-19 cases and deaths from February
2020 to August 2021. The findings indicate a
significant increase in predicted COVID-19 cases and
mortality over the following 12 months,
emphasizing the urgent need for resource allocation
to stabilize the overwhelmed healthcare system. The
model’s validation, which includes R-squared and
mean absolute error (MAE) values, demonstrates
reliable predictive performance, making a strong
case for timely interventions.

The impact of the Ukrainian refugee crisis
caused by the russian full-scale invasion on COVID-
19 pandemic dynamics has also been analyzed [16].
This study uses a generalized SIR model to estimate
the effect of mass migration caused by the full-scale
invasion of Ukraine in 2022. By comparing
smoothed daily case numbers across Ukraine, the
UK, Poland, Germany, and Moldova, the authors
identify an increase in the effective reproduction
number in several countries in March 2022, shortly
after the mass displacement. The findings suggest
that the influx of refugees had a notable short-term
effect on pandemic dynamics, underlining the need
for enhanced public health measures to manage
such movements during health crises.

These studies collectively highlight the
complexity of infectious disease dynamics during
conflict, and the critical role modelling can play in
understanding and mitigating the adverse effects of
war on public health. By employing diverse
modelling approaches, these studies contribute
valuable insights into the impact of warfare on
healthcare systems, disease transmission, and
mortality, underscoring the need for targeted
interventions and strengthening public health
infrastructure in conflict-affected settings.

Materials and Methods. The CVRA
framework was applied to analyze the use of
infectious disease simulation in combat zones. The
framework is a comprehensive tool used to evaluate
the potential success of public health interventions
in challenging environments. The framework
consists of three key components: Capacity,
Vulnerability, and Risk, which together provide a
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holistic understanding of the factors affecting the
implementation of disease control measures.

Capacity refers to the available resources,
infrastructure, and capabilities required to
implement infectious disease simulations and
interventions. This includes physical infrastructure,
such as healthcare facilities and data systems, and
human resources, such as trained personnel and
technical expertise. Assessing capacity allows us to
understand the strengths and opportunities for
deploying disease control measures in conflict-
affected areas.

Vulnerability considers the factors that make
populations and systems more susceptible to
infectious disease outbreaks. In conflict zones,
vulnerabilities are often exacerbated by population
displacement, weakened immunity due to stress,
and disrupted healthcare services. Vulnerability
assessment helps identify the populations at
greatest risk and the structural weaknesses that may
hinder effective interventions.

Risk focuses on identifying potential threats
that could compromise the success of infectious
disease simulations and interventions. This includes
risks associated with data availability and quality,
continuity of healthcare services, and the potential
for misinterpretation or misuse of model outcomes.
Understanding these risks is critical for designing
robust strategies that minimize negative impacts
and ensure effective disease control.

Results. Applying the CVRA Framework to
evaluate the use of infectious disease simulation
models in combat conditions involves understanding
the capabilities, vulnerabilities, and risks that impact
the model’s effectiveness and the populations it is
designed to protect. The table 1 presents an overview
of how the CVRA framework was applied in this
context, mainly focusing on the ongoing military
conflict in Ukraine. Each framework element is broken
down into sub-components to illustrate the factors that
influence the use of infectious disease models in
conflict situations.

Table 1
CVRA analysis
Framework Sub-Component Description Key Findings
Component
Capacity Modelling Availability of computing power, | Ukraine has the digital infrastructure

Resources software tools, and skilled personnel | and technical capabilities; however, the
(data scientists, epidemiologists) to | military conflict has led to a lack of
develop and interpret infectious | skilled personnel and limited laboratory
disease simulations. resources, affecting modelling

effectiveness.

Collaboration Partnerships  with  humanitarian | Collaboration with WHO, Red Cross, and
organizations and international | other agencies provides real-time data
health agencies to support model | and resources, enhancing model
calibration and validation. reliability. However, coordination gaps

remain.

Access to Data Availability of health data through | Existing surveillance systems facilitate
surveys, surveillance systems, and | data collection, but conflict hampers
NGO partnerships for data collection. | data completeness and accuracy,

leading to challenges in model
calibration.

Healthcare Availability of healthcare workers | The healthcare workforce is

Workforce capable of responding to model- | constrained by displacement and
identified outbreaks, including | infrastructure damage, limiting the
mobilization of volunteers and | ability to respond to outbreaks
international aid. effectively.

Intervention Existing vaccination and emergency | Vaccination, responses to the TB,

Programs preparedness and response programs | HIV/AIDS epidemics and emergency
to implement model-driven | programs exist but are inconsistently
interventions. applied due to logistical issues caused

by ongoing military conflict.

Communication Ability to communicate model | Communication channels exist but are

Networks predictions to stakeholders, | disrupted, limiting the effective
healthcare workers, and communities. | dissemination of model findings.

Transport and | Capacity for rapidly mobilizing | Logistics are significantly hindered by

Logistics medical supplies, vaccines, and | damage to infrastructure and limited
healthcare personnel. access to conflict areas, affecting the

timely deployment of interventions.
Vulnerability Population Mass  displacement results in | Overcrowded conditions elevate the

Displacement overcrowded shelters with poor | risk of  disease transmission,
sanitation, increasing susceptibility to | complicating the assumptions of
outbreaks. simulation models and increasing

health vulnerabilities.
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Healthcare Access

Limited access to healthcare facilities
due to damage and inaccessibility
during military conflict.

The  destruction of  healthcare
infrastructure limits access to medical
services, reduces population resilience
to disease and impedes the
implementation of  model-driven
responses, especially on the frontline
and temporary occupied territories.

Nutritional
Vulnerability

Malnutrition among populations on
the frontline territories increases
susceptibility to infectious diseases.

Poor nutrition compromises the
immune response, increasing the risk of
infectious diseases like cholera,
measles, and respiratory infections.

Stress and Mental
Health Impact

Psychological stress and trauma
among the affected population,
increasing susceptibility to physical
health issues.

Elevated stress levels and mental health
problems weaken immune systems,
increasing vulnerability to infectious
diseases.

Contact with Stray
and Wild Animals,
and vectors

Increased contact with stray and wild
animals due to displacement, raising
the risk of zoonotic diseases, such as
rabies and vector-borne diseases such
as Lyme disease.

Displaced populations have heightened
exposure to animals and vectors,
creating additional health risks,
particularly from rabies and other
zoonosis and vector-borne diseases.

Environmental
Pollution

Pollution from damaged
infrastructure, including sewer
damage, heavy metals, and radiation
exposure, leading to increased risk of
intestinal infections and other health
issues.

Environmental hazards exacerbate
health vulnerabilities, contributing to
increased rates of intestinal infections
and other health complications.

Data Availability
and Quality

The quality of data is impacted by the
destruction of health infrastructure,
restricted access, and incomplete
reporting.

Data scarcity and quality issues hinder
the reliability of disease simulation
models, leading to uncertainty in
predictions.

Assumptions and

Reliance on assumptions that may not

High uncertainty in model parameters

Uncertainty hold in conflict settings, such as stable | reduces accuracy, making predictions
populations or uniform healthcare | less reliable in dynamic conflict
access. environments.

Healthcare Inoperability or destruction of | Disrupted healthcare services prevent

Disruption healthcare facilities, reducing the | timely action based on model outputs,
ability to provide timely | exacerbating health risks in affected
interventions. populations.

Fragmented Multiple aid agencies provide | Coordination difficulties between aid

Healthcare fragmented healthcare services, | agencies lead to inconsistencies in

Provision challenging coordinated intervention. | healthcare provision, affecting the

effectiveness of intervention measures.

Risk

Model Uncertainty

Limited and inconsistent data leading
to incorrect predictions and
misguided interventions.

Poor-quality data results in uncertainty,
which may cause resource
misallocation and under-preparedness
for outbreaks.

Delayed Disruption of communication and | Data collection and dissemination

Interventions data collection delaying model | delays lead to postponed interventions,
predictions and subsequent | reducing their effectiveness.
interventions.

Ineffective Compromised response capability | Even with accurate predictions,

Response due to poor infrastructure, ongoing | response effectiveness is limited by
combat operation, and resource | logistical and infrastructure challenges.
scarcity.

Logistical Delays in deploying medical supplies | Logistical disruptions hinder the timely

Challenges and healthcare personnel due to | and effective implementation of model-

ongoing combat operation.

driven interventions, reducing overall
impact.

Misuse of Data

Potential misuse of health data by
conflicting parties risks the privacy
and safety of affected populations.

Health data may be exploited, posing
privacy risks and reducing trust in
health authorities.

Community
Distrust

Distrust in  government and
international actors undermining
intervention implementation.

Lack of trust among the affected
population hinders the successful
implementation of model-informed
interventions, leading to resistance and
reduced compliance.
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The CVRA framework provides a
comprehensive means to evaluate and improve
the use of infectious disease models in conflict
situations. Capacity assessment identifies the
strengths and gaps in infrastructure and human
resources. Vulnerability assessment reveals the
population and healthcare challenges, particularly
regarding disrupted services and data limitations.
Risk assessment highlights the uncertainties,
logistical challenges, and ethical concerns that
must be addressed to ensure the effective use of
simulation models in disease control efforts
during conflicts such as the ongoing military
conflict in Ukraine.

Discussion. The findings of this study
underscore the complexities involved in applying
infectious disease simulation models in conflict-
affected areas, specifically focusing on the warfare
in Ukraine. Using the CVRA framework, the study
provides a detailed evaluation of the strengths and
challenges inherent in deploying these models for
effective disease control in martial law conditions.

Capacity Analysis reveals that despite
Ukraine's digital infrastructure and technical
capabilities, the martial law has significantly
weakened the available resources necessary for
effective disease simulation and control. Skilled
personnel, including healthcare workers and
epidemiologists, have been displaced or diverted
to immediate medical emergencies, reducing
capacity for disease modelling and response
implementation. Logistical disruptions and
damage to healthcare infrastructure have
hindered the timely deployment of interventions
based on simulation outputs. Nevertheless,
international collaboration has proven
instrumental, as partnerships with organizations
such as the WHO and Red Cross provide vital
support in data collection and resource allocation.

Vulnerability Assessment highlights that
population  displacement and  healthcare
disruptions are critical factors exacerbating the
spread of infectious diseases during the martial
law. Mass displacement has led to overcrowded
shelters, which lack adequate sanitation and
healthcare access, creating environments where
infectious diseases can thrive. Additionally, data
collection challenges due to disrupted health
infrastructure have contributed to inconsistencies
and gaps in model calibration, affecting the
reliability of simulation outcomes. These
vulnerabilities reveal the difficulty of accurately
modelling disease dynamics in conflict zones,
given the lack of stable population data and
compromised healthcare services.

Risk Assessment identifies several key risks
that impede the implementation of infectious
disease simulations. One major risk is data
uncertainty, which arises from inconsistent and
incomplete reporting in conflict areas. This
uncertainty affects the accuracy of model
predictions, potentially leading to misguided
interventions. Data collection and communication
delays further exacerbate these issues, resulting in
delayed responses that can significantly reduce
the effectiveness of interventions such as
vaccination or quarantine. Additionally, ethical
concerns regarding the misuse of health data in
martial law settings could put vulnerable
populations at further risk. Community distrust of
government and international actors also risks
effective intervention implementation, as it
undermines public compliance with model-driven
recommendations.

The CVRA framework has proven valuable in
systematically assessing the feasibility of using
infectious disease models in the unstable context
of the russian full-scale invasion of Ukraine. It
enables a comprehensive understanding of the
strengths, such as existing international support,
and weaknesses, such as gaps in healthcare and
data availability, that impact the effectiveness of
disease control measures. However, the findings
emphasize that the effective use of simulation
models in combat zones requires substantial
adaptation to address the unique challenges
conflict settings present.

The findings from this study have broader
applicability beyond Ukraine, providing valuable
insights into infectious disease control in other
conflict settings. The use of the CVRA framework
allows for a structured analysis of capacities,
vulnerabilities, and risks that can be adapted to
different combat-affected regions. Similar
conditions, such as disrupted healthcare
infrastructure, population displacement, and data
scarcity, are common across conflict zones
worldwide. Therefore, the lessons learned from
this study can inform public health strategies and
improve the implementation of disease models in
diverse conflict settings, facilitating more effective
disease control and prevention.

This study has limitations that must be
acknowledged. The ongoing martial law
significantly constrained data availability and
quality, leading to potential biases and
uncertainties in model calibration and validation.
The military conflict's dynamic nature made it
difficult to collect consistent and up-to-date
information, which impacted the accuracy of
simulation outcomes.
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Recommendations for improving the
application of infectious disease models in conflict
areas include strengthening local capacity through
training healthcare workers and leveraging
alternative data sources, such as satellite imagery
and mobile phone tracking, to improve data
quality and coverage. Establishing robust
communication networks to facilitate real-time
information sharing and engaging with
community leaders to build trust are also essential
for enhancing the success of interventions.
Moreover, ethical considerations must be
prioritized to protect the privacy and safety of
vulnerable populations, particularly in conflict
situations where misuse of health data can have
severe consequences.

This study highlights the importance of a
multifaceted approach to infectious disease control in
conflict settings. By addressing capacity gaps, reducing
vulnerabilities, and mitigating risks, the application of
simulation models can be more effectively aligned with
the complex realities of combat-affected regions. The
CVRA framework is useful for guiding these efforts,
ensuring that infectious disease modeling is both
adaptive and responsive to the unique challenges of
conflict environments.

Conclusions.

This study provides a comprehensive
analysis of the application of infectious disease
simulation models in conflict-affected areas using
the Capacity, Vulnerability, and Risk Assessment
framework, focusing on the martial law in Ukraine.

The findings underscore the strengths and
challenges of employing such models in dynamic
and unstable environments, highlighting the
critical role of capacity building, addressing
vulnerabilities, and mitigating risks to enhance
public health responses.

This study's scientific novelty lies in
applying the Capacity, Vulnerability, and Risk
Assessment framework to assess the feasibility of
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