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Abstract

Background: Vector-borne diseases (VBDSs), caused by pathogens transmitted through the bites of infected arthropod
vectors, remain a major public health challenge in many developing countries. Environmental changes, urbanization,
population mobility and health system limitations continue to sustain the transmission of these pathogens and the dis-
eases they cause. Integrated Vector Management (IVM), recommended by the World Health Organization, provides a
sustainable framework that combines evidence-based vector control interventions with surveillance, intersectoral col-
laboration, and community participation. However, implementation of IVM remains inconsistent, particularly in re-
source-limited settings.

Methods: This narrative review synthesized evidence from peer-reviewed literature indexed in PubMed, Scopus and
Web of Science, supplemented by WHO technical guidance documents and regional surveillance reports published be-
tween 2000 and 2025. The review focused on IVM principles, implementation barriers, operational challenges and poli-
cy opportunities, with particular emphasis on Iran.

Results: The review identified several interconnected barriers limiting effective IVM implementation, including unsta-
ble financing, insufficient intersectoral coordination, gaps in entomological and epidemiological surveillance, limited
community participation, inadequate technical capacity and increasing insecticide resistance. Evidence from Iran
demonstrates substantial progress in malaria control while highlighting ongoing challenges related to leishmaniasis,
emerging risks of Aedes-borne diseases, resistance management, and the need for stronger integration of environmental
and surveillance systems.

Conclusion: Achieving sustainable reductions in VBD burden will depend on long-term commitment to integrated gov-
ernance, resistance-informed decision-making and context-specific strategies that enable countries such as Iran and
other developing settings to build resilient vector control systems.
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Introduction

Vector-borne diseases (VBDs) remain a ma- dengue, leishmaniasis and other infections (1, 2).
jor public health challenge in many developing In response to the limitations of single-inter-
countries, where climatic suitability, rapid urban- vention and insecticide-centric approaches, the
ization, population mobility and health system World Health Organization (WHO) has intro-
constraints facilitate the transmission of malaria, duced Integrated Vector Management (IVM) as a
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rational, evidence-based decision-making frame-
work that combines multiple vector control tools
and emphasizes intersectoral collaboration and
community participation (1). Integrated Vec-
tor Management forms a core component of
the Global Vector Control Response (GVCR)
2017-2030, which calls for strengthened ento-
mological surveillance, enhanced capacity and
improved governance to achieve sustainable
vector control and reduce disease burden (1, 2).

Despite significant progress in the early
2000s, recent global trends indicate persistent
gaps and emerging threats. The World Malaria
Report 2023 highlights ongoing high malaria
burden and increasing financial shortfalls, com-
pounded by climate variability, humanitarian
emergencies and biological challenges that hin-
der elimination efforts in several regions (2).
These developments reinforce the need for IVM
as an adaptive framework integrating environ-
mental management, biological control and ju-
diciously targeted chemical interventions, guid-
ed by robust surveillance and routine monitor-
ing (1, 2). A critical constraint is insecticide
resistance (IR) in major vectors such as Anoph-
eles and Aedes, which reduces the effective-
ness of long-lasting insecticidal nets and in-
door residual spraying. WHO provides stand-
ardized procedures for resistance monitoring
and intervention selection, yet multi-class re-
sistance continues to expand, emphasizing the
need for diversified and context-specific toolkits
within IVM (3-5).

In the WHO Eastern Mediterranean Region,
progress has been uneven. Several countries
achieved notable reductions in malaria trans-
mission in the early 21st century, yet fragile
settings, cross-border mobility and environ-
mental change contribute to a persistent risk
of resurgence (6). Iran serves as a clear exam-
ple of both substantial progress and continu-
ing challenges. The country has significantly
reduced malaria transmission through strength-
ened surveillance and targeted vector control,
while simultaneously facing ongoing burdens
of leishmaniasis. Recent evidence indicates that
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visceral leishmaniasis remains endemic in de-
fined foci with canine reservoirs, and cutane-
ous leishmaniasis continues to exhibit shifting
spatial patterns driven by environmental and
socioeconomic factors (7-9). These dynamics
underscore the importance of integrated ap-
proaches that align vector control with reser-
voir management, environmental interventions
and sustained community participation-funda-
mental principles of IVM (1).

Effective implementation of IVM in devel-
oping countries, and specifically in Iran, requires
addressing governance and coordination gaps,
securing predictable financing, strengthening
entomological and analytical capacity, institu-
tionalizing routine resistance surveillance, and
embedding community engagement within pro-
gram design and execution (1-4). Updated WHO
guidelines for indoor residual spraying and in-
secticide rotation strategies offer adaptable frame-
works suited to local ecological and health sys-
tem conditions (3, 4, 10). This narrative re-
view synthesizes the core components of IVM
and examines key barriers to its implementa-
tion in developing settings, with emphasis on
Iran, to inform practical policy and operational
strategies aligned with GVCR objectives (1, 2).

Materials and Methods

This narrative review was conducted through
a structured literature search performed in Jan-
uary 2025. Peer-reviewed articles published
between January 2000 and January 2025 were
identified from PubMed, Scopus and Web of
Science databases. In addition, WHO technical
guidance documents, global vector control re-
ports and regional surveillance reports were re-
viewed to complement the published literature.
The search strategy was developed using com-
binations of the following terms: “Integrated
Vector Management”, “IVM?”, “vector control”,
“malaria”, “dengue”, “leishmaniasis”, “insecti-
cide resistance”, “entomological surveillance”,
“community participation” and “Iran”. Boolean
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operators (AND/OR) were used to combine
relevant search terms.

Studies were included if they addressed IVM
principles, implementation strategies, evalua-
tion of vector-borne disease control programs,
operational barriers, policy opportunities, or ep-
idemiological and entomological evidence rel-
evant to developing country settings. Iran-spe-
cific studies and reports related to vector-borne
diseases and vector control programs were al-
so included. Studies focusing exclusively on
clinical diagnosis or treatment without rele-
vance to vector control, or those lacking suffi-
cient operational or implementation-related in-
formation, were excluded. The literature selec-
tion process identified 76 articles for assess-
ment. Following evaluation according to the
predefined eligibility criteria, 57 articles were
considered relevant and suitable for citation in
the final narrative synthesis. Data were extract-
ed according to predefined themes, including
IVM components, implementation barriers, sur-
veillance systems, insecticide resistance, financ-
ing and governance challenges, community par-
ticipation, intersectoral collaboration and Iran-
specific experiences. A narrative thematic syn-
thesis approach was applied to organize and
interpret the findings. Iran-specific literature
was identified through targeted searches com-
bining “Iran” with vector-borne disease-relat-
ed terms, including malaria, leishmaniasis, den-
gue, insecticide resistance and vector control.
Additional Iran-related evidence was obtained
from national surveillance reports, Ministry of
Health documents and WHO regional publications.

Results

Overview of vector-borne diseases in devel-
oping countries

Vector-borne diseases constitute a persistent
share of the communicable disease burden in
developing countries, where climatic suitabil-
ity, rapid and unplanned urbanization, inade-
quate water and sanitation systems, population
mobility, protracted crises and limited public
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health capacity collectively sustain transmis-
sion. Malaria, dengue, leishmaniasis, chikungu-
nya, Zika and plague are among the most sig-
nificant concerns, with overlapping ecological
niches and seasonal patterns that complicate
prevention and control. Evidence from program
implementation demonstrates that single-tool,
insecticide-centered strategies are insufficient
in settings where vectors rapidly adapt and
transmission foci are heterogeneous. Therefore,
integrated approaches grounded in local eco-
epidemiology, routine entomological surveil-
lance and coordinated multi-sectoral action are
required, as outlined in the WHO Global Vec-
tor Control Response 2017-2030 (1, 11).

Malaria remains the most closely monitored
vector-borne disease in low- and middle-in-
come countries. Despite substantial advances
in the early 2000s, recent assessments indicate
stagnation or reversal in several regions, driv-
en by financing gaps, service disruptions, cli-
mate variability and biological threats (2). Sus-
taining coverage with long-lasting insecticidal
nets and indoor residual spraying, improving
diagnosis and treatment access and strength-
ening surveillance systems are essential but
insufficient in the context of evolving vector
behavior and resistance. Consequently, nation-
al programs are increasingly integrating com-
plementary tools, stratified intervention pack-
ages and adaptive decision-making to address
residual transmission (2).

Dengue has expanded significantly over the
past decade, becoming hyperendemic in several
tropical regions and spreading into subtropical
and temperate areas. Record-high case num-
bers in the Region of the Americas and out-
breaks in other regions underscore the role of
climate anomalies, El Nifio events and rapid
urban growth in amplifying Aedes-borne dis-
ease risk (12, 13). The urban ecology of Aedes
aegypti, characterized by artificial containers,
intermittent water supply, solid-waste accumu-
lation and close human-vector contact, neces-
sitates community-centered source reduction,
reliable water and sanitation services and con-
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sistent risk communication alongside targeted
adult control during outbreaks (12, 13).

Leishmaniasis remains a major neglected
tropical disease complex, with distinct clinical
forms and vector species presenting operational
challenges. Visceral leishmaniasis typically clus-
ters in specific foci, often involving canine
reservoirs, while cutaneous leishmaniasis ex-
hibits shifting hotspots linked to land-use chang-
es, peri-urban expansion and socio-environ-
mental determinants (14-16). Effective control
requires aligning vector control with reservoir
management, early case detection and context-
specific environmental measures, recognizing
that transmission dynamics vary widely across
and within countries (14, 15).

Cross-cutting drivers further intensify these
challenges. Climate change is altering vector
competence, survival and geographic distribu-
tion through shifts in temperature and precip-
itation patterns and increased extreme weather
events (17-20). Rapid unplanned urbanization
creates microhabitats favorable for container-
breeding mosquitoes and burdens municipal
services, while conflict and displacement dis-
rupt surveillance and response capacity. More-
over, insecticide resistance, now documented
across multiple insecticide classes in Anophe-
les and Aedes populations, threatens the effec-
tiveness of core interventions and necessitates
diversified toolkits, routine susceptibility moni-
toring and evidence-based rotation strategies
(17-19).

Chikungunya demonstrates how rapidly ar-
boviruses can emerge where competent vec-
tors, immunologically naive populations and
conducive climatic conditions coincide. Re-
cent outbreaks across parts of Africa and Asia,
along with sporadic transmission in temperate
regions, highlight the need for integrated pre-
paredness frameworks that combine entomo-
logical intelligence with risk communication,
clinical readiness and, where applicable, tar-
geted vaccination strategies (21-23).

In summary, the current landscape of vec-
tor-borne diseases in developing countries is
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shaped by ecological complexity, expanding
arboviral threats, operational constraints and
accelerating environmental change. Effective
control requires Integrated Vector Management
that is adaptive, data-driven and intersectoral,
embedding community engagement, reliable
essential services and rigorous resistance man-
agement within national strategies aligned with
the WHO Global Vector Control Response (1,
17-19).

Concept and components of integrated vec-
tor management

Integrated Vector Management is a rational,
evidence-based and locally tailored approach
to vector control designed to optimize effi-
cacy, cost-effectiveness, ecological safety and
long-term sustainability. It incorporates multi-
ple interventions targeting different stages of
the vector life cycle, prioritizes data-driven de-
cision-making and embeds community partic-
ipation and intersectoral collaboration within
national vector control strategies. The core
principles of IVM include decision-making in-
formed by entomological and epidemiological
intelligence, selection of interventions based
on local eco-epidemiological conditions, judi-
cious use of public health pesticides, and con-
tinuous monitoring and evaluation to enable
adaptive program management over time (Fig.
1)(1, 24). Within this framework, surveillance
and monitoring guide the timing and geo-
graphic targeting of interventions; environmen-
tal management reduces breeding sites and
structural risk factors; biological control ex-
pands available tools while decreasing reliance
on chemical pesticides; chemical control is re-
served as a carefully regulated last-resort op-
tion; and community participation and inters-
ectoral collaboration ensure feasibility, local
ownership and durable impact (1, 10, 24, 25).
As summarized in Table 1, IVM consists of
six core components that operate together with-
in a data-driven and adaptive implementation
framework.
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Surveillance and monitoring

Surveillance and monitoring constitute the
decision-making foundation of Integrated Vec-
tor Management. Entomological surveillance
provides information on vector species com-
position, density, behavior and spatiotemporal
dynamics, whereas epidemiological surveillance
characterizes disease incidence, prevalence and
transmission foci. Programmatic monitoring
evaluates the coverage, quality and effective-
ness of implemented interventions. Collec-
tively, these data support microstratification,
enable timely outbreak responses and guide
adaptive management in changing transmis-
sion settings (1, 24, 25). Standardized surveil-
lance approaches include adult and larval sam-
pling (such as modified traps for medically im-
portant flies (26), insecticide susceptibility test-
ing and monitoring indicators such as parity
rates, sporozoite rates and container indices
for Aedes mosquitoes. The availability of rou-
tine, quality-assured datasets allows health au-
thorities to identify residual transmission pock-
ets, optimize combinations of interventions,
and allocate resources where they yield the
greatest marginal impact (10, 25). Where fea-
sible, integrated digital platforms linking sur-
veillance, logistics and case management sys-
tems can further accelerate decision-making
processes and enhance operational accounta-
bility (1, 10, 25).

Environmental management

Environmental management aims to reduce
human vector contact by preventing, modify-
ing, or eliminating breeding and resting sites.
In malaria-endemic areas, larval source man-
agement (LSM) is recommended as a sup-
plementary strategy when aquatic habitats are
“few, fixed and findable” and may include
source reduction, environmental modification,
and targeted larviciding with safe and approved
agents. In urban environments dominated by
Aedes vectors, sustained control depends on
effective container management, reliable water
provision, solid-waste collection and improve-
ments in housing structure (27). Structural in-
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terventions such as installation of window and
door screens, closure of eaves and enhance-
ment of drainage help reduce indoor resting
and breeding opportunities. Importantly, envi-
ronmental management yields the greatest and
most durable impact when integrated into mu-
nicipal service systems, urban planning and
routine community behaviors, rather than being
conducted through temporary or reactive cam-
paigns (1, 24, 28-30).

Biological control

Biological control broadens the 1VM toolkit
while reducing ecological disruption and slow-
ing the development of insecticide resistance
associated with repeated chemical use. WHO-
prequalified larvicides such as Bacillus thu-
ringiensis israelensis (Bti) and Spinosad pro-
vide targeted larvicidal activity with favorable
safety profiles when applied according to rec-
ommended guidelines. For Aedes-borne dis-
eases, population-replacement through the re-
lease of Wolbachia-infected Ae. aegypti has
demonstrated significant reductions in dengue
incidence and hospitalizations in randomized
and quasi-experimental trials. Additionally, pop-
ulation-suppression approaches, including the
Sterile Insect Technique (SIT), are increasing-
ly being evaluated as components of integrat-
ed control strategies targeting Ae. albopictus
and Ae. aegypti. The selection and deploy-
ment of biological control methods should be
guided by local ecological characteristics, op-
erational capacity, cost considerations and reg-
ulatory frameworks and should be supported
by rigorous entomological and epidemiologi-
cal monitoring to assess effectiveness and sus-
tainability (25, 28, 31-33).

Chemical control

Chemical control remains an important but
strictly last-resort component of 1IVM, applied
primarily in situations requiring rapid vector
reduction or during periods of high transmis-
sion when non-chemical interventions are in-
sufficient. For malaria vectors, indoor residual
spraying (IRS) represents the primary chemical
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control intervention, while insecticide-treated
nets serve as a core preventive measure be-
yond the scope of this section. The selection
of insecticide products, dosage, application
quality and rotation strategies must be ground-
ed in local susceptibility data and aligned with
WHO recommendations to ensure effective-
ness. Current guidance emphasizes the im-
portance of resistance management through
the rotation or mosaic use of insecticides with
different modes of action, alongside strong op-
erational safety measures, environmental pro-
tection and systematic quality assurance (34).
For Aedes vectors, targeted space spraying
can be used to rapidly reduce adult mosquito
populations during outbreaks; however, such
interventions should be limited in duration,
closely integrated with larval source reduc-
tion, and followed by post-intervention evalu-
ation to confirm effectiveness. To sustain long-
term impact, programs must institutionalize rou-
tine insecticide resistance monitoring and en-
sure that surveillance findings directly inform
procurement decisions, intervention planning,
and field implementation (3, 10, 25).
However, the increasing prevalence of in-
secticide resistance has important economic and
operational consequences for vector control pro-
grams, particularly in low-resource settings. Re-
sistance can increase program costs through
the need for alternative insecticide products,
expanded resistance surveillance, additional
laboratory capacity, staff training and adjust-
ments in intervention strategies. These finan-
cial demands may place additional pressure on
vector control programs where funding mech-
anisms are already limited and often depend-
ent on short-term or outbreak-driven alloca-
tions. The development of insecticide resistance
in vector populations is not solely associated
with public health insecticide use. Agricultur-
al application of insecticides, particularly re-
peated exposure to similar chemical classes
used in crop protection, may contribute to se-
lection pressure among mosquito populations
and other vectors. This interaction highlights
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the importance of intersectoral collaboration
between public health, agricultural and envi-
ronmental sectors to support comprehensive re-
sistance management approaches within the
framework of IVM. Although comprehensive
resistance management strategies are recom-
mended, their implementation in low-resource
settings requires prioritization based on local
feasibility and available resources. Practical
approaches include targeted insecticide sus-
ceptibility monitoring, evidence-based selec-
tion and rotation of available insecticides, im-
provement of application practices, and inte-
gration of non-chemical interventions such as
environmental management and biological con-
trol. Strengthening entomological capacity and
ensuring that resistance data are incorporated
into procurement decisions and operational plan-
ning are essential for preserving the effective-
ness of available vector control tools.

Community participation

Community participation is essential for
achieving sustainability and scalability within
IVM programs. Successful initiatives foster lo-
cal ownership by involving communities in
the design and adaptation of interventions, pro-
moting transparent risk communication, and
encouraging shared responsibility for source
reduction, housing improvements, and timely
healthcare-seeking behaviors. Evidence from
dengue and malaria control programs demon-
strates that meaningful community engagement
increases adherence to recommended practic-
es, enhances environmental management out-
comes and strengthens surveillance through par-
ticipatory reporting. Sustained results depend on
practical and context-appropriate tools such as
household inspection checklists, behaviorally
informed communication strategies, and inte-
grated support from municipal services. Com-
munity engagement must be continuous rather
than reactive, with activities anchored in rou-
tine public health practice and supported by
well-trained community health workers and civ-
il society organizations (1, 24, 35-37).
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Intersectoral collaboration

Intersectoral collaboration integrates the ef-
forts of health, water and sanitation, waste man-
agement, urban planning, housing, education,
environmental agencies and private-sector stake-
holders to address the underlying determinants
of vector proliferation. Municipal engineering
interventions such as improved drainage sys-
tems, reliable piped water supply and efficient
solid-waste management directly reduce breed-
ing opportunities for Aedes mosquitoes. Hous-
ing and building standards can institutionalize
vector-proof structural features, while environ-
mental authorities can incorporate vector risk
considerations into land-use planning. At the
national level, formal coordination mechanisms
are required to define sector-specific roles, fi-
nancing pathways and shared monitoring indi-
cators. Such institutional arrangements extend
IVM implementation beyond the health sec-
tor, enhance program efficiency and embed
vector control within routine governance and
infrastructure development processes (1, 24,
38, 39).

Global status of integrated vector manage-
ment

Integrated Vector Management has been in-
corporated into national vector control policies
across many developing and middle-income
countries following the introduction of the World
Health Organization’s Global Vector Control
Response (GVCR) 2017-2030 (1). This stra-
tegic framework promotes evidence-based in-
tervention selection, intersectoral collaboration,
community engagement, strengthened entomo-
logical surveillance, and systematic resistance
management (1, 24). Nevertheless, the extent
and quality of VM implementation vary wide-
ly due to disparities in financial resources, avail-
ability of trained personnel, and the robustness
of data and surveillance systems (24).

Countries that have achieved sustained re-
ductions in malaria transmission demonstrate
some of the strongest operationalization of
IVM principles. Sri Lanka and China success-
fully eliminated malaria by employing rigor-
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ous case detection and reporting systems, rap-
id response to focal transmission, and adap-
tive vector control strategies tailored to local-
ized ecological conditions (10, 25). These na-
tional experiences highlight the critical im-
portance of long-term governmental commit-
ment, reliable surveillance structures, and in-
tegrated intervention packages rather than de-
pendence on any single vector control tool
(10, 25).

In many regions of Africa and Asia, IVM
is reflected in malaria control program design,
where the deployment of insecticide-treated
nets and indoor residual spraying is increas-
ingly informed by local insecticide resistance
profiles (28). Larval source management is
applied where breeding sites are few and ac-
cessible, and resistance monitoring capabili-
ties are gradually expanding, although opera-
tional capacity constraints remain prominent
in numerous settings (1, 28).

For Aedes-borne diseases such as dengue
and chikungunya, several national and munic-
ipal programs have adopted IVM-based strat-
egies that combine environmental sanitation,
container and water-storage management, com-
munity mobilization and targeted adult mos-
quito control during outbreak periods (29). No-
tably, biological control interventions using
Wolbachia-infected Ae. aegypti have demon-
strated significant reductions in dengue inci-
dence and related hospitalizations in real-world
implementation studies (31).

Despite measurable progress, substantial chal-
lenges persist. Rapid informal urbanization, cli-
mate variability, cross-border disease move-
ment and inconsistent or short-term funding
mechanisms continue to limit the sustainabil-
ity of IVM programs (1, 29). To enhance the
long-term impact of IVM, countries require
stable and predictable financing, improved mu-
nicipal infrastructure and environmental services,
expanded entomological and operational ca-
pacity and integrated digital surveillance sys-
tems that enable real-time decision-making
(1, 24, 28).
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Barriers to integrated vector management
in developing countries

Despite its demonstrated effectiveness and
strong policy endorsement, the implementa-
tion of IVM in many developing countries is
constrained by structural, operational and so-
cio-environmental barriers. One of the most
critical limitations is the lack of sustainable
financing and stable resource allocation, which
affects the continuity of surveillance activi-
ties, staff training, and procurement of vector
control supplies (1). Funding for vector con-
trol is frequently reactive, increasing only dur-
ing acute outbreaks, which disrupts long-term
planning and compromises program stability
1, 4).

A second major challenge is the shortage
of trained entomology and public health per-
sonnel. Effective IVM requires technical ex-
pertise in surveillance, insecticide resistance
monitoring, ecological assessment and coor-
dinated implementation of intervention pack-
ages (4). However, many national programs
lack adequate numbers of skilled profession-
als, particularly at district and community lev-
els, where operational activities are carried
out (4, 25). Limited training opportunities and
high workforce turnover further exacerbate these
capacity gaps. Insecticide resistance (IR) pre-
sents an additional and increasingly significant
barrier. Widespread resistance in Anopheles and
Aedes vectors to multiple insecticide classes re-
duces the operational effectiveness of indoor
residual spraying and space spraying interven-
tions, including reduced efficacy of ITNs/
LLINs after washing (34, 40-42). Without sys-
tematic resistance monitoring and evidence-
based rotation strategies, chemical control be-
comes progressively less effective, potentially
reinforcing transmission and increasing inter-
vention costs (25, 40, 41).

In many developing countries, these tech-
nical constraints are compounded by weak-
nesses in the regulation and supply of public
health pesticides. Fragmented registration pro-
cesses, unclear mandates for quality control,
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and limited capacity for independent efficacy
and safety evaluation permit the circulation of
substandard or inappropriately formulated prod-
ucts alongside quality-assured insecticides. In-
formal or illegal importation and distribution
channels further undermine regulatory over-
sight and make it difficult for national pro-
grams to enforce standards that are aligned
with WHO guidance on rational insecticide
use (1, 3, 24, 25). Such regulatory and market
distortions not only jeopardize the safety and
effectiveness of chemical control, but also com-
plicate resistance management by enabling un-
supervised household use and repeated appli-
cation of the same active ingredients outside
structured 1\VM programs.

Insufficient entomological and epidemio-
logical surveillance systems also hinder effec-
tive IVM implementation. In many settings,
surveillance remains fragmented, outdated, or
limited to passive reporting. The absence of
integrated data platforms delays outbreak de-
tection and prevents the accurate targeting of
control measures (25). Robust surveillance is
essential to guide decisions regarding the use
of larval, biological, or chemical control strat-
egies (1).

Challenges in community participation fur-
ther undermine 1\VM outcomes. Sustainable con-
trol of Aedes vectors, in particular, depends on
consistent behavioral and environmental man-
agement at the household and neighborhood
levels. However, public awareness, risk per-
ception and willingness to adopt preventive
practices are often low in densely populated
areas with inconsistent municipal services (35,
43). Social, cultural and communication barri-
ers can also limit community cooperation in
eliminating breeding sites and participating in
surveillance activities (35, 43, 44).

Finally, weak intersectoral coordination lim-
its the capacity to address the environmental
and infrastructural determinants of vector pro-
liferation. Effective IVM requires coordinated
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action between health authorities, municipal ser-
vices, water and sanitation departments, envi-
ronmental agencies, and local governance in-
stitutions (1, 25). In many countries, such co-
ordination mechanisms are either underdevel-
oped or insufficiently institutionalized, result-
ing in fragmented efforts or limited sustaina-
bility of interventions (1, 25, 44, 45).

Collectively, these barriers indicate that while
IVM is conceptually well established, its suc-
cessful implementation depends on long-term
capacity building, stable financing, integrated
data systems, community engagement and in-
stitutionalized intersectoral collaboration. A sum-
mary of these major implementation barriers
Is provided in Table 2.

Specific challenges and opportunities in Iran

Iran has achieved substantial reductions in
malaria incidence over the past two decades;
however, localized resurgence has been re-
ported in southeastern regions since 2022, in-
cluding two distinct malaria foci in Bushehr
Province (46), driven by climate variability,
cross-border population movement, and eco-
logical suitability for Anopheles vectors (47,
48). In response, the World Health Organiza-
tion (WHO) and the Ministry of Health and
Medical Education (MOHME) have jointly
strengthened surveillance, case management,
and vector control operations in high-risk dis-
tricts of Sistan and Baluchestan during 2024—
2025, highlighting both the progress made and
the vulnerability of border areas to reintroduc-
tion and sustained transmission (47). This re-
cent resurgence should be interpreted as an
indicator of the continued vulnerability of ma-
laria elimination settings rather than simply a
temporary increase in transmission. Despite sub-
stantial achievements in malaria control, the
persistence of receptive ecological areas, cross-
border population movement, and climate-re-
lated changes may facilitate reintroduction and
localized transmission if surveillance and re-
sponse capacities are not continuously main-
tained. This experience highlights the importance
of sustaining IVM principles during low-trans-
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mission periods rather than relying primarily
on outbreak-driven interventions.

Operational challenges to implementing IVM
in Iran include episodic and outbreak-respon-
sive financing, uneven entomological capacity
across subnational levels, and logistical diffi-
culties in maintaining high-quality indoor re-
sidual spraying and larval source management
in remote and resource-limited settings (48).
Insecticide resistance in Anopheles populations
to multiple insecticide classes has been docu-
mented, threatening the durability of indoor
residual spraying and reinforcing the need for
routine susceptibility testing and rotation strat-
egies consistent with WHO recommendations
(49, 50). Strengthening laboratory networks,
standardizing bioassay protocols, and ensuring
that procurement and deployment decisions are
informed by current resistance data remain
core priorities (50). Beyond these operational
constraints, regulatory and market-related weak-
nesses in public health pesticide management
further complicate IVM implementation in Iran.
Responsibilities for registering, procuring and
supervising the use of public health insecticides
are distributed across multiple institutions, in-
cluding health authorities, agricultural agencies
and municipal bodies, which can result in over-
lapping mandates and gaps in accountability.
Limited capacity for independent quality con-
trol and efficacy testing facilitates the presence
of non-standard or inadequately evaluated prod-
ucts in the market and constrains the ability of
programs to enforce rational use consistent with
WHO recommendations (1, 3, 24, 49). Illegal
or informal importation and household-level ac-
cess to potent insecticides outside professional
supervision pose additional challenges for re-
sistance management and environmental safety.

Challenges also arise from the organization
of urban pest control services and vector man-
agement in institutional settings such as hos-
pitals. In many cases, contracting for pest and
vector control in health-care facilities and mu-
nicipalities is driven primarily by administra-
tive or procurement units, with limited technical
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oversight from medical entomologists or envi-
ronmental health specialists. Routine residual
spraying or space spraying may be prioritized
to satisfy accreditation or inspection require-
ments, while structural and environmental
measures that are central to IVM, such as im-
proved waste management, building mainte-
nance and exclusion of vectors from indoor
spaces, receive insufficient attention (1, 10, 24).
Licensing of private pest control companies
does not consistently require demonstrated en-
tomological expertise or robust quality assur-
ance mechanisms, which can lead to subopti-
mal intervention design, unsafe application prac-
tices and further selection for insecticide re-
sistance. These challenges reflect broader con-
cerns within VM implementation, where in-
sufficient technical oversight and limited in-
tegration of medical entomology expertise may
result in excessive reliance on chemical in-
terventions rather than evidence-based, envi-
ronmentally sustainable approaches. Strength-
ening regulatory frameworks, technical super-
vision, quality assurance mechanisms, and the
involvement of trained vector control special-
ists are therefore essential for aligning private
and institutional vector management practices
with VM principles.

Leishmaniasis presents additional and dis-
tinct challenges. Visceral leishmaniasis remains
endemic in specific foci with established ca-
nine reservoirs, necessitating integrated strate-
gies that align vector control, reservoir man-
agement and early case detection (7). Cutane-
ous leishmaniasis exhibits shifting hotspots and
peri-urban expansion associated with land-use
change, urban growth and socio-environmen-
tal factors, making single-intervention control
strategies insufficient and underscoring the im-
portance of municipal services, environmental
management and sustained community engage-
ment as central pillars of IVM (9, 51).

Recommendations and future directions

To translate IVM from policy formulation
into sustained operational impact, recommen-
dations should be prioritized according to ur-
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gency, feasibility and expected contribution to
program sustainability. Although many imple-
mentation challenges are shared across devel-
oping countries, some priorities require con-
text-specific adaptation based on national epi-
demiological profiles, health system capacity,
and governance structures. Therefore, recom-
mended actions can be organized into short-
term, medium-term and long-term priorities,
while distinguishing between broadly applica-
ble strategies and specific needs identified in
Iran.

Short-term priorities (0-2 years): strength-
ening core operational capacity

The immediate priority for developing coun-
tries should be to preserve the continuity and
functionality of existing vector control pro-
grams by addressing critical operational gaps.
Sustainable financing represents a fundamen-
tal prerequisite for effective IVM implemen-
tation. Ministries of health and finance should
establish protected, multi-year budgetary allo-
cations for vector control, link expenditures to
measurable performance indicators, and inte-
grate VM activities into national health secu-
rity frameworks to reduce dependence on out-
break-driven funding cycles (1, 2). Clear stew-
ardship roles, standardized operating procedures
and accountability mechanisms at national and
subnational levels are essential to improve pro-
gram stability and coordination (1). Strength-
ening surveillance systems should be consid-
ered another immediate priority. Countries
should improve the integration of epidemio-
logical, entomological, and operational data to
support timely decision-making, intervention
targeting and resource allocation. Routine en-
tomological surveillance, insecticide suscepti-
bility testing, and systematic analysis of resid-
ual transmission patterns should be strength-
ened through investment in medical entomol-
ogy capacity and quality-assured laboratory
networks (3, 25). Institutionalizing insecticide
resistance management is also an urgent re-
quirement. Routine susceptibility testing, evi-
dence-based insecticide selection, rotation or
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mosaic strategies according to mode of action,
and procurement decisions informed by cur-
rent resistance data should become standard
components of vector control programs (3, 10).
Quality assurance, safe application practices,
environmental safeguards and post-interven-
tion evaluations should be mandatory elements
of all chemical control operations, including
indoor residual spraying (IRS) and targeted
space spraying (10). For Iran, short-term pri-
orities should particularly focus on maintain-
ing malaria elimination achievements while
addressing vulnerabilities associated with bor-
der transmission, ecological suitability and doc-
umented insecticide resistance. Strengthening
sentinel resistance monitoring, improving la-
boratory networks and ensuring that vector con-
trol decisions are based on current susceptibil-
ity data remain critical priorities (48-50). In ad-
dition, improving technical oversight of public
health pesticide procurement, quality assessment
and distribution is necessary to reduce the risks
associated with non-standard products and in-
appropriate pesticide use (1, 3, 24, 49).

Medium-term priorities (2-5 years): insti-
tutional strengthening and integrated man-
agement

Medium-term actions should focus on build-
ing institutional capacity and embedding IVM
principles within routine health and environ-
mental systems. Countries should establish in-
tegrated digital surveillance platforms that com-
bine epidemiological, entomological, resistance
and logistical information to support micro-strat-
ification of risk and adaptive intervention plan-
ning (25, 55). These systems should be accom-
panied by standardized indicators, routine data
review mechanisms, and strengthened analytical
capacity at district and operational levels.

Workforce development is another essen-
tial medium-term priority. Countries should
establish accredited medical entomology train-
ing pathways and provide continuous profes-
sional development for vector control person-
nel involved in surveillance, resistance moni-
toring, environmental management and inter-
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vention evaluation (3, 25). Medical entomolo-
gists and vector control specialists should be
formally integrated into decision-making struc-
tures responsible for vector control policies,
pesticide management, hospital standards and
supervision of private pest control activities
(1, 24, 25). Regulatory strengthening of pub-
lic health pesticides should also be institution-
alized during this period. Countries should clar-
ify responsibilities for pesticide registration,
procurement, quality control and post-market
surveillance. National or regional quality-con-
trol laboratories, standardized lot-testing pro-
cedures and strengthened import inspection sys-
tems can reduce the circulation of substandard
or falsified products and support rational in-
secticide use consistent with WHO recommen-
dations (1, 3, 24). In Iran, medium-term prior-
ities should include improving coordination
among institutions responsible for public health
pesticides, municipal pest control services and
environmental health activities. The involve-
ment of medical entomologists in hospital,
municipal and private pest-control oversight
should be strengthened to prevent excessive re-
liance on chemical interventions and to pro-
mote environmentally sustainable approaches.
Licensing systems for private pest control com-
panies should incorporate technical competen-
cy requirements, quality assurance mechanisms
and adherence to IVM principles.

Long-term priorities (>5 years): sustaina-
bility, prevention-oriented systems and in-
novation

Long-term IVM implementation requires a
transition from reactive vector control cam-
paigns toward prevention-oriented systems in-
tegrated into routine governance structures. En-
vironmental management should become a con-
tinuous service-based function rather than an
intermittent outbreak response activity. Mu-
nicipal authorities, water and sanitation ser-
vices, housing sectors and health programs
should collaborate to improve waste manage-
ment, drainage systems, water supply reliabil-
ity, housing standards and the reduction of vec-
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tor breeding and resting sites (1, 25, 56). In-
stitutional environments, including hospitals,
schools and public facilities, provide important
opportunities to demonstrate sustainable 1VM
implementation. Rather than relying primarily
on routine insecticide spraying for compliance
purposes, facility-based vector management
should prioritize structural improvements, en-
vironmental management plans, waste control,
vector exclusion measures and involvement of
trained vector control personnel (1, 10, 24). Scal-
ing biological control and innovative approach-
es should also be considered within long-term
strategies where ecological and operational con-
ditions support their implementation. Larval
source management using environmentally ap-
propriate tools such as B. thuringiensis is-
raelensis and Spinosad can complement other
interventions when breeding habitats are iden-
tifiable and monitoring systems are available
(56). For dengue prevention, Wolbachia-based
approaches may be considered in settings with
appropriate regulatory capacity, operational
readiness and community support, accompa-
nied by rigorous monitoring frameworks (32,
44). Novel tools, including next-generation in-
secticides, attractive targeted sugar baits and
genetic approaches, should be evaluated un-
der appropriate ethical, ecological and regula-
tory oversight (3, 10, 25, 57). Community par-
ticipation should be considered a long-term stra-
tegic component of VM rather than a short-term
communication activity. Programs should use
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evidence-based behavior change approaches,
develop locally adapted community micro-
plans, engage community health workers and
establish mechanisms for continuous evalua-
tion of participation and environmental out-
comes (1, 35). In addition, ministries of health,
academic institutions and professional organi-
zations should develop reliable information
platforms to provide communities with evi-
dence-based guidance on vector prevention,
safe pesticide use and appropriate access to
professional control services (1, 24, 35, 36).
Finally, sustainable IVM requires formalized
intersectoral governance mechanisms. Nation-
al and subnational IVM coordination commit-
tees should include representatives from health,
municipalities, water and sanitation, housing,
education and environmental sectors, with shared
targets, coordinated budgets where feasible,
and harmonized monitoring frameworks (1, 25).
Monitoring, evaluation, and learning systems
should be embedded into program design, us-
ing indicators that capture entomological out-
comes, disease trends, operational coverage,
and cost-effectiveness. Periodic adaptive re-
views and dissemination of implementation
experiences can accelerate improvement and
cross-country learning (1, 25, 55).

A prioritized implementation framework
summarizing key actions, responsible actors,
timelines and applicability to developing coun-
tries and Iran is presented in Table 4.

Table 1. Core components of integrated vector management and their roles

Component Primary Obijective

Example Interventions

Expected Outcomes

Enable data-driven de-
cision-making and pre-
cise targeting

Reduce breeding and

Surveillance and
Monitoring

Environmental

Adult and larval sampling, insecticide
susceptibility testing, routine analysis
of epidemiological trends

Container management, drainage im-

Optimized resource allocation,
timely outbreak response, fo-
cused interventions

Sustained reduction in vector

Management

Biological Con-
trol

resting sites and hu-
man-vector contact

Suppress vectors with
minimal ecological
impact and slower re-
sistance selection

provement, solid waste management,
housing improvements

density, lower reliance on chem-
ical control

Bacillus thuringiensis israelensis, Spi-
nosad, Wolbachia releases, Sterile
Insect Technique

Durable impact, reduced chemi-
cal exposure, complementary
control benefits
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Table 1. Continued ...

Chemical Con- Achieve rapid knock-

trol down when risk is high
and non-chemical op-
tions are insufficient

Indoor residual spraying, targeted
space spraying, insecticide-treated
materials

Community Par-
ticipation

Intersectoral
Collaboration

change and improve

Address upstream de-
terminants through co-
ordinated governance

Sustain behavior

local ownership

Co-designed microplans, household
inspection checklists, risk communi-
cation, community health workers

Joint action by health, municipalities,
water and sanitation, housing, educa-
tion, environment

Immediate reduction in adult
vectors, controlled outbreaks,
requires resistance management

Improved compliance, source
reduction at household and
neighborhood levels

Integration of vector control into
routine urban services and infra-
structure cycles

Table 2. Key barriers to integrated vector management in developing countries and practical solutions

Barrier

Description

Practical Solutions

Unstable financing

Limited technical
capacity

Regulatory and
market distortions
in public health
pesticide manage-
ment

Insecticide re-
sistance

Fragmented sur-
veillance and data
systems

Low community
engagement

Weak intersectoral
coordination

Funding increases during outbreaks but
declines afterward, disrupting long-term
planning and operational continuity.

Shortage of trained entomologists and
vector control personnel, particularly at
district and community levels.

Fragmented registration and quality con-
trol systems, circulation of non-standard
or illegally imported public health pesti-
cides, and weak technical oversight of
procurement and distribution undermine
safe and effective use of insecticides.

Reduced effectiveness of IRS and space
spraying due to multi-class resistance in
Anopheles and Aedes vectors.

Limited integration of entomological and
epidemiological data delays outbreak
detection and targeted response.

Limited awareness and participation in
source reduction behaviors, especially in
densely populated urban settings.

Isolated sectoral actions fail to address
environmental and infrastructural deter-
minants of vector proliferation.

Establish multi-year dedicated I'VM budget lines;

integrate vector control funding into national health

security plans; define annual operational targets

and link budget allocation to measurable program

indicators.

Establish accredited medical entomology training

programs; provide regular in-service training for

provincial and district vector control staff; create

and maintain dedicated entomology units within
public health structures.

Define institutional responsibilities for pesticide

registration and oversight; require pre-registration
efficacy and safety assessments; strengthen nation-

al quality-control laboratories and import inspec-
tion systems; restrict distribution to licensed sup-

pliers and ensure technical supervision of pesticide

use.

Establish sentinel resistance monitoring sites; con-

duct standardized susceptibility testing at regular
intervals; develop provincial resistance maps; use

resistance data to guide insecticide selection, rota-

tion, and procurement decisions.

Develop integrated digital surveillance platforms
linking disease cases, vector distribution, density,
and resistance data; standardize reporting indica-

tors; conduct routine data review meetings to guide

microstratification and intervention planning.

Develop locally adapted behavior-change commu-

nication programs; establish community-based

vector surveillance activities; engage local leaders
and community health workers; monitor participa-

tion using defined indicators.

Establish national and subnational 1\VM coordina-
tion committees; assign clear responsibilities to
participating sectors; develop joint operational

plans and budgets; implement shared monitoring

indicators for intersectoral activities.
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Table 3. Comparison of Integrated Vector Management status between Iran and selected countries

Country  Main VBD challenges  Key IVM components Main strengths Remaining gaps
implemented
Iran Malaria, leishmaniasis,  Surveillance, IRS, vec- Strong malaria reduc- Resistance monitoring,
emerging Aedes risks tor control programs tion, established health intersectoral coordina-
network tion
Sri Malaria elimination Surveillance-driven re- Successful elimination Maintaining prevention
Lanka sponse, integrated con- program after elimination
trol
India Malaria, dengue, leish- Integrated vector con- Large-scale programs Regional heterogeneity
maniasis trol, digital surveillance and surveillance net-
works
Pakistan  Malaria, dengue, leish- IRS, LLINS, surveil- Expanded vector control ~ Resource and coordina-
maniasis lance activities programs tion limitations
Turkey Leishmaniasis, emerg- Surveillance and envi-  Strong health infrastruc- ~ Need for integrated ap-
ing arboviruses ronmental management ture proaches

Table 4. Prioritized recommendations for integrated vector management implementation: timelines, responsible actors,
and applicability

Timeline Priority recommendation Applicability Responsible actors
Short-term  Ensure sustainable financing, strength- Generalizable to developing Ministries of Health and
(0-2 years)  enentomological surveillance, and es- countries; highly relevant to Finance; national and pro-

tablish routine insecticide resistance Iran due to malaria vulnerabil-  vincial vector control pro-

monitoring to support evidence-based ity and documented resistance  grams; entomology labora-

vector control decisions concerns tories

Short-term Improve governance, regulation, and Generalizable; particularly Health regulatory authori-
(0-2 years)  quality assurance of public health pesti- relevant to Iran due to frag- ties; pesticide control bod-

cides, including registration, procure- mented responsibilities and ies; quality-control laborato-

ment oversight, and product quality market-related challenges ries

control
Medium- Develop integrated surveillance sys- Generalizable to developing ~ Ministries of Health; univer-
term (2-5 tems, strengthen medical entomology countries sities; municipalities; water
years) workforce capacity, and formalize IVM and sanitation and environ-
coordination mechanisms across health mental sectors
and non-health sectors
Medium- Strengthen technical oversight of insti- Particularly relevant to Iran; Municipal authorities; hos-
term (2-5 tutional and private pest control ser- applicable to settings with pital administrations; licens-
years) vices and integrate IVM principles into  fragmented pest management  ing and accreditation bodies
operational standards services
Long-term Institutionalize environmental man- Generalizable Health authorities; munici-
(>5 years) agement, community engagement, and palities; community organi-
prevention-oriented vector control with- zations; environmental
in routine health and urban systems agencies

Long-term  Evaluate and scale innovative and sus- Generalizable but context- Research institutions; health
(>5 years) tainable vector control approaches, in- dependent authorities; regulatory agen-

cluding biological control and emerging
technologies, supported by monitoring
and adaptive learning

cies
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Fig. 1. Conceptual framework of Integrated Vector Management (IVM)

Discussion

Integrated vector management offers a prac-
tical, evidence-based framework for reducing
the burden of vector-borne diseases in devel-
oping countries by aligning surveillance, en-
vironmental management, biological control,
and carefully governed chemical interventions
within an intersectoral structure (1, 25). Alt-
hough IVM has been incorporated into policy
in many settings, persistent constraints, in-
cluding unstable financing, limited entomolog-
ical capacity, fragmented data systems, wide-
spread insecticide resistance and variable com-
munity participation, continue to limit its op-
erational effectiveness (1-3, 25). Strengthen-
ing IVM will require institutionalized funding
mechanisms, integrated surveillance systems
that combine epidemiological and entomolog-
ical data, routine insecticide resistance moni-
toring linked directly to product selection and
deployment, and municipal service models that
embed environmental management into daily
operations rather than ad hoc campaigns (2, 3,
25). Evidence shows that locally tailored, mul-
ti-component intervention packages are more
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effective than reliance on any single tool.
Wolbachia-based strategies have reduced den-
gue incidence when paired with container man-
agement and community engagement (32, 44),
while resistance-guided indoor residual spray-
ing and targeted larval source management can
suppress residual malaria transmission where
breeding habitats are few and accessible (2, 3,
25). Experience from multiple countries demon-
strates that sustained progress depends on strong
governance, rapid foci response and continuous
program adaptation rather than dependence on
a single intervention (1, 25).

In Iran, notable malaria control achievements,
alongside evolving patterns of leishmaniasis
and increasing suitability for Aedes establish-
ment, highlight the need to consolidate 1VM
through cross-border vigilance, resistance-in-
formed decision-making, and integration of en-
vironmental management with municipal and
community systems (7, 47, 52-54). Looking
forward, enduring reductions in vector-borne
disease burden will rely on embedding adap-
tive management cycles, formalizing intersec-

http://jad.tums.ac.ir
Published Online: June 30, 2026


http://jad.tums.ac.ir/

J Arthropod-Borne Dis, June 2026, 20(2): 123-141
https://doi.org/10.18502/jad.v20i2.22396

toral collaboration, expanding professional and
operational workforce capacity, and investing
in implementation research to refine context-
appropriate strategies (1, 3, 25). Sustainable vec-
tor control will depend not on discovering a
singular solution, but on effectively executing
coherent, data-driven and resilient IVM sys-
tems capable of continuous learning and ad-
justment.
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