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ABSTRACT
Lumpy skin disease (LSD) is a transboundary viral disease of cattle that has spread from Africa and the Middle East to Asia,

including Bangladesh, causing substantial economic loss. We aimed to identify risk factors associated with LSD in cattle and cattle

herds in Barishal, Patuakhali, and Chattogram districts of Southern Bangladesh. A total of 6624 cattle from 1260 herds, including

those with current (n= 194) and past cases (n= 445), were included. Diagnosis was based on clinical signs, and farms were

selected by convenience sampling. Data on management, environmental, and animal-level factors were collected via structured

questionnaires. Risk factors were analyzed using cross-sectional (herd-level) and case–control (animal-level) designs, with uni-

variate and multivariate logistic regression models applied. Moran’s I statistic was used to assess spatial clustering. The herd-level

prevalence was 15.3% (194/1260), and the animal-level prevalence was 13.1% (867/6624). High morbidity was observed in young

cattle (8.7%; n= 315), local breeds (7.7%), and females (7.3%). Multivariate analysis at the herd level showed that the highest case

rates were associated with communal grazing (aOR= 1.7), manure disposal in ponds (aOR= 2.1), and reporting the use of

chemical sprays (aOR= 1.9), compared to no communal grazing, disposal in pits, and the use of mosquito nets. Local breeds

(aOR= 2.7), poor body condition (aOR= 2.2), and communal grazing (aOR= 9.9) exhibited higher odds of infection compared to

crossbreeds, good body condition, and no communal grazing. Spatial analysis showed geographic heterogeneity but no significant

clustering.(Moran’s index= 0.25; p¼ 0:409). These findings emphasize the need for targeted control measures, including

improved manure management and vector control, such as insecticide-treated nets.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | Introduction

Lumpy skin disease (LSD) is a highly contagious viral infection of
cattle caused by lumpy skin disease virus (LSDV), amember of the
genus Capripoxvirus [1]. Transmission occurs primarily through
blood-feeding arthropods such as mosquitoes, biting flies, and
ticks, although infected cattle also shed virus in skin lesions and
bodily secretions, contributing to environmental contamination
[1]. Clinically, LSD is characterized by fever, anorexia, weakness,
lymphadenopathy, and the development of characteristic firm
skin nodules, which may extend to mucous membranes and, in
severe cases, involve internal organs [1, 2]. These lesions can
progress to edema, necrosis, and ulceration, predisposing affected
animals to secondary bacterial infections and, occasionally, death
[2]. Additional signs such as lameness, reluctance to move, and
swelling of the limbs and brisket may also be observed as the
disease advances [2]. Morbidity within herds varies widely
(3%–85%), while mortality is generally low (<3%) but may exceed
40% during severe outbreaks [3–5]. Recovery typically takes
~30 days [6]. In low-resource settings, infected animals are often
sold or slaughtered at reduced prices, and movement through
markets and abattoirs can unintentionally facilitate disease spread
via direct contact and vector exposure [7].

LSD, historically prevalent mainly in African countries, has now
become a major concern for European nations as reported cases
continue to rise [8, 9]. The disease was first reported in Asia,
including Bangladesh, in 2019 and subsequently spread to China,
India, Nepal, Taiwan, Bhutan, Vietnam, Hong Kong, the Republic
of Korea, and Indonesia by 2020 [4, 10]. In Bangladesh, animal-
level prevalence varied widely across districts during 2019–2020,
ranging from 4% in Barishal to over 70% in Rajshahi, with inter-
mediate levels reported in Sylhet, Mymensingh, Gaibandha, and
Chattogram, reflecting extensive geographic spread [4, 11–15].
This widespread transmission has caused substantial economic
losses due to reduced milk yield, hide damage, impaired fertility,
cattle mortality, increased treatment costs, and trade and move-
ment restrictions across the livestock sector [4, 11–15].

LSD is influenced by several risk factors at both the farm and
animal levels, which can vary depending on environmental con-
ditions, farm management practices, and animal characteristics
[16]. At the farm level, factors such as farm size, herd density, and
biosecurity measures play a crucial role in disease transmission.
Farms with larger herd sizes and poor biosecurity protocols,
including inadequate vaccination programs and limited move-
ment controls, are more likely to experience higher transmission
rates [7]. Communal grazing further increases exposure by
enabling direct contact between cattle from multiple herds, facili-
tating cross-farm transmission [17]. Floor type also contributes to
risk as earthen or muddy floors retain moisture and organic mat-
ter that promote breeding of biting insects and persistence of
pathogens [18]. Similarly, unsafe manure disposal practices, par-
ticularly dumping in open fields or ponds, create favorable condi-
tions for vector proliferation and environmental contamination,
thereby increasing infection risk [19]. In addition, farms located in
regions with high mosquito densities or inadequate vector control
are at greater risk due to the vector-borne nature of LSDV trans-
mission [2].

At the animal level, susceptibility to LSD is influenced by age,
immune status, and nutritional deficiencies, with younger cattle,

those with compromised immune systems, and animals in poor
health or under stress being more vulnerable to infection [5].
Overcrowding and prolonged close contact further enhance trans-
mission by increasing exposure to both infected animals and vec-
tors [4]. Together, these factors highlight the importance of
husbandry practices and environmental hygiene in reducing
LSD risk. This study aims to identify specific risk factors for
LSD at both the farm and animal levels to inform targeted disease
control strategies. By examining animal characteristics, manage-
ment practices, biosecurity, and environmental conditions, the
study seeks to improve understanding of LSD transmission
dynamics in Southern Bangladesh. Ultimately, the findings are
intended to support evidence-based policy development, improve
disease management, and reduce the economic burden of LSD on
cattle production systems. We hypothesized that communal graz-
ing and disposal of manure in ponds or open fields are associated
with higher odds of LSD infection.

2 | Methods

2.1 | Study Location

This study was conducted from September to November 2023
across three districts of Bangladesh: Barishal, Patuakhali, and
Chattogram. Barishal and Patuakhali are situated in the Southern
region of the country, whereas Chattogram lies in the Southeast-
ern region (Figure 1). These districts were selected based on ongo-
ing LSD outbreak history and the presence of diverse cattle
farming practices. To ensure comprehensive data collection,
nine subdistricts were included in the study, with seven from
Barishal, one from Patuakhali, and one from Chattogram. The
selection of subdistricts was based on accessibility, following a
convenience sampling approach.

2.2 | Study Design and Classification Criteria

This study applied a combination of case–control and cross-sec-
tional approaches to investigate risk factors associated with LSD
outbreaks at both farm and individual animal levels. At the farm
level, an unmatched case–control approach was implemented
(Box 1).

Due to logistical constraints, laboratory confirmation was not pos-
sible for all cases. However, a representative sample of 100 cases
was sent to the Central Disease Diagnostic Laboratory under the
Department of Livestock Services for routine surveillance, where
22 samples were identified as seropositive for LSD. Therefore,
farms were classified based on clinical findings reported during
structured interviews. Control farms were defined as those with
no recorded LSD cases, either currently or within the past 6
months. None of the animals were vaccinated against LSD. A
formal a priori sample size calculation was not performed because
the study was based on a field outbreak investigation with time-
bound access to farms.

A total of 1260 farmswere surveyed and categorized based on herd
size into small (1–5 animals; n= 878), medium (6–15 animals; n=
357), and large (16–102 animals; n= 25), with a cumulative popu-
lation of 6624 cattle. Herd-size categories were defined using data-
driven cut-off values based on the observed distribution of herd
sizes in the study population to ensure meaningful group
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comparisons and adequate sample size within each category for
statistical analysis. Among these farms, 621 had no history of
LSD, 194 had ongoing cases during the study period, and 445 had
experienced cases within the past 6 months; however, only farms
with current cases were included in the risk-factor analysis at the
farm level because farms with past outbreaks might have modified
their management and biosecurity practices after the outbreak, so
their current exposure status might not reflect conditions at the
time LSD occurred. At the individual animal level, a cross-sectional
approach was adopted to evaluate the distribution and potential
determinants of LSD. A total of 2099 cattle from the surveyed farms
were assessed, comprising 1232 clinically healthy animals and 867
cattle that exhibited characteristic clinical signs of LSD, drawn from
farms with ongoing outbreaks and from farms with no history of
LSD. On farms with active outbreaks, all clinically affected animals
present at the time of visit were enrolled. For the selection of clini-
cally unaffected animals, a complete list of healthy cattle was com-
piled from each farm’s herd roster, and animals were selected using
simple random sampling (lottery method).Where herd size permit-
ted, approximately three unaffected animals were selected for each
affected animal. For the animal-level risk-factor analysis, we further
excluded animals with incomplete exposure data and all animals
from farms with only historical cases; after these exclusions, data
from 315 affected animals and 901 unaffected animals were ana-
lyzed to determine risk factors for LSD infection. An imbalance in
the number of case and control farms and animals was observed,

N
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0 5 10 20 Miles

Barishal
Patuakhali
Chattogram

LSD (+) farms
LSD (–) farms

FIGURE 1 | Distribution of lumpy skin disease (LSD) outbreaks at the farm level in Southern Bangladesh (2023). Each dot represents a cattle farm:

red= farms with active LSD cases and green= farms without LSD at the time of survey. District and subdistrict boundaries are shown for spatial

reference. The map includes a scale bar and north arrow. Data reflect outbreaks recorded during the study period.

Box 1 | Clinical case definition used for suspected Lumpy
skin disease (LSD).

A farm and animal were classified as a suspected LSD case if
at least one animal fulfilled both lesion and systemic criteria
as outlined below:

Lesion criteria (required):
• One or more firm, raised nodules measuring 1–7 cm in

diameter; and/or

• Evidence of necrosis, ulceration, or scab formation.

Systemic signs (at least one required):
• Fever

• Enlargement of superficial lymph nodes

• Limb or brisket edema

• Lameness or reluctance to move

• Anorexia or general weakness

Exclusion criteria:

Animals presenting with dermatological conditions incon-
sistent with LSD (e.g., dermatophilosis, allergic skin reac-
tions, or transient insect bites without firm nodules) were
excluded from case classification.

Note: Diagnosis was performed by trained veterinarians
using standardized criteria across all study districts.

Transboundary and Emerging Diseases, 2026 3 of 14
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with fewer LSD-positive units compared with LSD-negative ones.
This reflects the natural epidemiological pattern of LSD outbreaks
in the study area, where only a proportion of farms were affected at
any given time. Additionally, logistical constraints and accessibility
influenced recruitment, resulting in a higher number of unaffected
farms and animals being enrolled. No artificial matching or over-
sampling was performed, and all eligible cases identified during
field visits were included. Historical cases were utilized solely for
prevalence estimation, incidence calculations, and spatial autocor-
relation analysis to assess disease distribution trends in the study
areas (Figure 2).

2.3 | Questionnaire Development and Data
Collection

To investigate the risk factors associated with LSD, a structured
questionnaire was designed to collect data at both the farm and
individual animal levels. The initial draft was developed in English
and subsequently translated into Bengali to facilitate effective com-
munication with local cattle farmers. Content validity was assessed
through expert review by two field veterinarians and one epidemi-
ologist, who evaluated the questionnaire for relevance, clarity, and
completeness. A pretesting phase was conducted among 20 ran-
domly selected cattle households in Barishal, and feedback was
used to refine question wording, sequencing, and response options.
Before data collection, nine veterinarians (government veterinar-
ians and veterinary officers) received a 1-day training workshop
covering study objectives, case definition criteria, interview techni-
ques, ethical considerations, and standard operating procedures for
data recording. Mock interviews and field simulations were

conducted to ensure consistency across interviewers and minimize
observer bias. The veterinarians were selected by the district live-
stock offices based on their involvement in routine field veterinary
services and availability for the study. A convenience sampling
method was used, focusing on areas with frequent LSD outbreaks.
This nonrandom approach may introduce selection bias and limit
the representativeness of the sample as not all outbreak areas were
equally represented. Data collection was conducted through direct,
face-to-face interviews with farm owners or managers responsible
for day-to-day cattle management. Written informed consent was
obtained from all participants before participation, and they were
comprehensively briefed on the study’s objectives, confidentiality
measures, and their right to withdraw at any stage without conse-
quence. Each interviewwas designed to last ~15min, and data were
recorded using paper-based forms. The questionnaire comprised a
mix of closed-ended, semiclosed, and open-ended questions to cap-
ture both quantitative and qualitative insights. For each clinically
affected animal, clinical outcomes (recovered, remained ill, sold, or
died) were recorded through structured interviews with farm own-
ers or managers during follow-up at the time of data collection. The
outbreak of LSD in Southern Bangladesh has been ongoing
throughout the year. Due to the absence of a proper data recording
system, it was not possible to track outbreak onset and duration.
Additionally, since the outbreak continued beyond the study
period, retrospective assessment of its timeline was not feasible.

2.4 | Variables of Interest

To evaluate potential risk factors, a wide range of epidemiological,
environmental, and management-related variables were

Farm level

Total farms (N = 1260)

Disease status

At least one LSD case in farm
during data collection (n = 194)

Case farms

Control farms
No reported case in farm
within 6 months (n = 621)

Total animal (N = 6624)

Animal level

Only 2099 individuals data
were collected 

Disease status
• No history = 1232
• Affected = 867

Case animals

Individuals exhibiting
clinical signs during

data collection (n = 315)

Control animals

No reported case in a farm
within 6 months (n = 901)

• Small = 878
• Medium = 357
• Large = 25

• No history = 621
• Current history = 194
• Past history = 445

O

Cases
V/S

Controls

FIGURE 2 | Flowchart of enrollment of clinical lumpy skin disease (LSD) cases and controls, farms and animals, in three districts (Barisal,

Patuakhali and Chattogram) of Bangladesh. This flowchart details the selection process for LSD cases and controls at both the farm and animal levels.

Case farms are those with ongoing LSD outbreaks at the time of data collection, while control farms had no reported cases in the last 6 months. Case

animals exhibited clinical signs of LSD, whereas control animals were healthy and selected randomly from farms with no ongoing outbreaks. The figure

shows the enrollment process, illustrating the distribution of case and control farms and animals across different herd sizes, ensuring a clear categori-

zation of participants for subsequent risk-factor analysis.
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considered. Candidate variables were identified based on previ-
ously published studies on LSD epidemiology, expert consultation
with field veterinarians and epidemiologists, and practical consid-
erations of cattle rearing and environmental conditions com-
monly observed in the study districts.

At the farm level, data on herd management, environmental con-
ditions, biosecurity measures, and animal movement patterns
were recorded. Farms were classified into three cattle-rearing sys-
tems: intensive (cattle remain confined within farm premises),
semiintensive (cattle leave the farm for communal grazing but
return daily), and extensive (cattle remain outdoors continuously
and frequently access communal grazing areas). Farm-level com-
munal grazing was considered a key variable, reflecting whether a
farm allowed its cattle to leave the premises and graze with other
herds. Such practices are known to increase exposure to LSD
through contact with infected herds and insect vectors at shared
grazing and watering sites [20]. Environmental variables included
the presence of stagnant water bodies, proximity to dense vegeta-
tion, and flooring types (e.g., concrete, mud, or brick with straw),
as these factors can influence vector abundance and facilitate
pathogen persistence in the environment [21]. Additionally,
manure disposal methods and farm hygiene practices, such as
cleaning frequency and the use of disinfectants, were documented
to evaluate their role in disease prevention. Insect control mea-
sures, such as mosquito nets, sprays, and coils, were assessed.
During piloting, this question was revised to allow multiple
responses and to include the explicit option “no specific vector-
control measure used” to minimize reporting bias and ensure that
farms not practicing any insect control could be accurately identi-
fied. Information on cattle movement patterns and grazing land
use (e.g., marshy lowlands, paddy fields, and drylands) was col-
lected due to their relevance for vector exposure and herd interac-
tion during grazing.

At the individual animal level, factors such as age, breed, body con-
dition score (BCS), and reproductive status were analyzed. Cattle
were categorized into three age groups: calves (0–6 months), young
cattle (7–24 months), and mature cattle (>24 months) as susceptibil-
ity to LSD may vary with age due to immunological differences.
Breed classification distinguished between indigenous local zebu-
type cattle and common crossbred types in Bangladesh, primarily
crosses between local cattle and Holstein Friesian or Sahiwal [22].
Nutritional status was assessed with BCS, using a standard 1–5 BCS
scale [23], with animals classified into poor (BCS 1–2), moderate
(BCS 3), and good (BCS 4–5) condition categories. Reproductive
status in female cattle was categorized as heifers (precalving females
that had never calved), milking cows (lactating at the time of visit),
dry cows (nonlactating cows that had calved previously), and preg-
nant cows to determine potential physiological influences on disease
susceptibility. At the individual animal level, exposure to communal
grazingwas assessed to capture direct risk for each animal, defined as
whether the animal had shared a grazing area with other herds
during the 2 weeks preceding clinical onset. Even within farms
that practice communal grazing, not all animals may participate
equally. Animals that actually shared grazing areas with other herds
prior to the outbreak might be at higher risk of contracting LSD due
to increased opportunities for disease transmission via insect vectors
or direct contact.

To ensure statistical rigor, variables with low response rates
(<10%), temporal ambiguity, weak biological plausibility, or

high collinearity (i.e., variance inflation factor [VIF]> 5) were
excluded from the final multivariate analysis. Here, “temporal
ambiguity” refers to variables for which the timing of exposure
relative to LSD occurrence could not be clearly established (e.g.,
management practices implemented after an outbreak), whereas
“weak biological plausibility” refers to variables without a clearly
supported mechanism linking them to LSD susceptibility or
transmission.

2.5 | Statistical Analysis

Descriptive statistics were used to summarize the distribution of
LSD cases by demographic variables, including age, sex, and
breed. The overall prevalence of LSD was estimated for the total
sample (N= 6624) and stratified across these demographic catego-
ries. Comparisons between demographic groups (e.g., young vs.
adult, local vs. crossbred, and female vs. male) were conducted
using two-proportion z-tests, with LSD status (case vs. noncase) as
the binary outcome variable. Cluster-robust standard errors were
applied to account for potential intrafarm correlation in animal-
level analysis. Results were reported as percentages with corre-
sponding p-values and 95% confidence intervals (CIs). χ-square
tests were used to assess the association between farm LSD status
(outbreak vs. no outbreak) and subdistrict, and the results were
presented with odds ratios (ORs), p-values, and 95% CIs to dem-
onstrate the degree of association.

Univariate logistic regression was applied to explore associations
between potential risk factors and LSD status at both farm and
individual animal levels. Crude ORs with 95% CIs and p-values
were estimated. Variables with a p-value< 0.05 in the univariate
analysis were considered for multivariate modeling.

Multivariate logistic regression was conducted using a backward
stepwise selection approach to identify independent risk factors
associated with LSD occurrence. Variables with p-values> 0.05
were sequentially removed to derive the most accurate model.
Because multiple animals were sampled from the same farm,
cluster-robust standard errors were applied at the farm level to
account for intracluster correlation. The final multivariate models
for both farm and animal levels included only variables that
remained statistically significant at p<0:05. Adjusted odds ratios
(aORs) with 95% CIs were calculated to assess the independent
effects of each predictor while controlling for potential confoun-
ders. The goodness-of-fit of the final models was evaluated using
the Hosmer–Lemeshow test and area under the curve (AUC).
STATA 13 (StataCorp LLC, College Station, TX, USA) was used
for all statistical analyses.

2.6 | Spatial Analysis

Spatial analysis was conducted to evaluate the clustering of LSD-
affected farms across the study area. The geographical distribution
of case and control farms was mapped using ArcGIS 10.8 (Esri,
Redlands, CA, USA). GPS coordinates were recorded for 85
unions, the lowest administrative units within the 9 subdistricts
(upazilas) of the three study districts fromwhich farms were sam-
pled, and spatial autocorrelation analysis was performed to assess
clustering patterns at the union level. Spatial autocorrelation was
assessed using Moran’s I statistic, computed in ArcGIS 10.8 using
the Spatial Statistics Tools with an inverse-distance spatial weights
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matrix to define neighborhood relationships between union cen-
troids. This analysis provided insights into the spatial epidemiol-
ogy of LSD and potential hotspot regions for targeted
interventions.

2.7 | Ethical Consideration

The study was conducted under the routine responsibilities of the
Government Veterinary Authority, Barishal, Bangladesh, with
approval from the District Livestock Office, Department of Live-
stock Services, Bangladesh (Memo no: 33.01.0000.16.004.22−458;
date: 10 August 2023). Written informed consent was obtained
from all farmers prior to data collection, ensuring voluntary par-
ticipation. The confidentiality of all collected data was strictly
maintained, and participants were informed of their right to with-
draw from the study at any time without consequence. Formal
Institutional Review Board (IRB) approval was not required.

3 | Results

3.1 | Overall Prevalence

The overall farm- and animal-level prevalence of LSD in cattle was
15.4% (194/1260) and 13.1% (867/6624), respectively. Significant
risk differences were found between young and adult cattle, local
and crossbred breeds, and female and male cattle. Specifically,
young cattle showed a higher prevalence (8.7%; 95% CI: 7.9–9.5)
compared to adults (4.4%), local breeds had higher prevalence
(7.7%; 95% CI: 1.4–3.0) compared to crossbreeds (5.5%), and
females had higher prevalence (7.3%; 95% CI: 0.7–2.3) compared
to males (5.8%) (Table 1).

3.2 | Spatial Variation in LSD Outbreak Farms

Farm-level LSD prevalence varied markedly between subdistricts
(Table 2, Figure 3). The prevalence of LSD demonstrated signifi-
cant spatial variation across subdistricts. The highest prevalence
was observed in Barishal (73.4%), followed by Patuakhali (17.5%)
and Chattogram (9.1%). Among the subdistricts, Bakerganj in
Barishal recorded the highest odds of LSD outbreaks (OR= 10.6,
95% CI: 4.9–23.1, p<0:001), followed by Hijla (OR= 7.6, 95% CI:
3.6–16.0, p<0:001) and Dashmina in Patuakhali (OR= 1.9, 95%
CI: 1.1–3.6, p¼ 0:04), relative to Chandanaish in Chattogram,
which had the lowest prevalence (23.5%). Chandanaish was cho-
sen as the reference subdistrict due to its lower LSDprevalence. To
account for multiple comparisons, the Bonferroni correction was
applied, reducing the risk of Type I errors.

3.3 | Clinical Outcomes of Cattle Affected by LSD

Among the 315 clinically affected cattle from farms experiencing
active LSD outbreaks at the time of data collection, 75.9% recov-
ered, 12.1% were sold, 11.1% remained ill, and 0.9% died (case
fatality rate [CFR]), with recovery rates higher in adults and
females than in young and male cattle, respectively (Table 3).
The “sold” category refers to distress sales due to illness, where
cattle were sold in poor health. This may introduce bias in the
CFR, potentially overestimating mortality, as animals in poorer
health are more likely to be sold.

3.4 | Risk Factors for LSD at the Farm Level

In the univariate analysis, the presence of stagnant water bodies
near farms was significantly associated with an increased odds of

TABLE 1 | Prevalence difference of lumpy skin disease (LSD) by age, breed, and sex in cattle (N= 6624).

Comparison 1st category (%), 95% CI 2nd category (%), 95% CI Risk difference (%), 95% CI Relative risk (RR) % p value

Young vs. adult 8.7 (315/3622), 7.9–9.5 4.4 (512/3002), 3.9–4.9 4.3, 3.5–5.1 2.0 <0.01

Local vs. cross 7.7 (510/6624), 7.0–8.4 5.5 (357/6624), 4.9–6.1 2.2, 1.4–3.0 1.4 <0.01

Female vs. male 7.3 (428/5841), 6.5–8.1 5.8 (439/5841), 5.1–6.5 1.5, 0.7–2.3 1.3 0.01

TABLE 2 | Spatial variation of lumpy skin disease (LSD) outbreaks among cattle in Southern Bangladesh, 2022–2023 (N= 1260).

District Prevalence (%) Subdistrict
LSD (+)

(%) OR 95% CI
p value

(χ-square)

Chattogram 9.1 Chandanaish 23.5 Ref — —

Patuakhali 17.5 Dashmina 37.2 1.9 1.1–3.6 0.04

Barishal 73.4 Agailjhara 22.6 0.9 0.5–1.8 0.88

Babuganj 37.2 1.9 1.1–3.6 0.04

Bakerganj 76.5 10.6 4.9–23.1 <0.001

Banaripara 52.0 3.5 2.1–6.0 <0.001

Barishal Sadar 53.2 3.7 2.3–5.9 <0.001

Hijla 70.0 7.6 3.6–16.0 <0.001

Wazirpur 54.0 3.8 1.9–7.7 <0.001
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LSD (OR= 15.8, 95% CI: 2.2–115.3). However, the very large OR
and wide confidence interval suggest substantial uncertainty
around this estimate, and the true effect may differ from the
observed value. This could be due to confounding factors or mea-
surement issues, such as inaccurate reporting of water sources or
unmeasured environmental variables. Similarly, farms with mud
flooring had substantially higher odds of LSD (OR= 9.1, 95% CI:
3.4–24.6) compared to those with concrete flooring. The disposal
of manure in ponds was also associated with a greater risk of LSD
(OR= 1.7, 95% CI: 1.1–2.6). The use of mosquito coils and

chemical sprays for insect control was significantly associated
with LSD occurrence (OR= 1.8, 95% CI: 1.3–2.7, and OR= 2.2,
95% CI: 0.9–5.6). However, reverse causation must be considered,
as farms with LSD outbreaks may be more likely to apply insecti-
cides. Future analyses should address lagging exposure or clearly
note the limits of causality in these associations. Additionally, in
farms with extensive management practices, perfect separation
occurred (20/20 cases), which may lead to instability in regression
models. This issue will be addressed using Firth logistic regres-
sion, exact methods, or by collapsing categories (Table 4).

N

W E

S

LSD prevalence (%)

25–37
38–52

55–76
Bangladesh

53–54

23–24

0 15 30 60 Miles

FIGURE 3 | Subdistrict–level prevalence of lumpy skin disease (LSD) in cattle in Southern Bangladesh (2023). LSD prevalence (%) by subdistrict is
displayed using a choropleth map classified by natural breaks (Jenks) into five categories: 23%–24%, 25%–37%, 38%–52%, 53%–54%, and 55%–76%.
Darker shading represents higher prevalence. Administrative boundaries for Bangladesh are shown for spatial reference. A scale bar and north arrow are

included for orientation.

TABLE 3 | The clinical outcome of cattle infected with LSD by age, breed, sex and BCS (N= 315).

Variables Categories

Outcome of the affected animal, % (n)

Death Recovered Sold Still ill

Age Young (1–24m) 1.4 (3) 72.4 (155) 13.6 (29) 12.6 (27)

Adult (>24m) 0.0 (0) 83.2 (84) 8.9 (9) 7.9 (8)

Breed Local 3.0 (3) 78.2 (79) 3.0 (3) 15.8 (16)

Cross 0.0 (0) 74.8 (160) 16.4 (35) 8.9 (19)

Sex Female 0.6 (1) 83.4 (151) 6.6 (12) 9.4 (17)

Male 1.5 (2) 65.7 (88) 19.4 (26) 13.4 (18)

BCS BCS 1 & 2 0.0 (0) 75.0 (33) 11.4 (5) 13.6 (6)

BCS 3 1.7 (3) 76.1 (137) 12.8 (23) 9.4 (17)

BCS 4 & 5 0.0 (0) 75.8 (69) 11.0 (10) 13.2 (12)

Total 0.9 (3) 75.9 (239) 12.1 (38) 11.1 (35)

Transboundary and Emerging Diseases, 2026 7 of 14
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TABLE 4 | Risk factors for suspected LSD at farm level in Southern Bangladesh, 2023.

Variable Case n (%) Control n (%)
Univariate OR
(95% CI, p)

Multivariate aOR
(95% CI, p)

Nearest cattle farm

Within 50m 57 (28.8) 146 (71.9) Ref. —

>50m 137 (22.4) 475 (77.6) 1.4 (0.9–1.9, 0.10) —

Stagnant water bodies near farm

No 1 (2.1) 47 (97.9) Ref. —

Yes 193 (25.2) 574 (74.8) 15.8 (2.2–115.3, 0.01) —

Distance of water bodies from farm

Within 50m 69 (24.0) 219 (76.0) Ref. —

>50m 124 (25.9) 355 (74.1) 1.1 (0.8–1.7, 0.55) —

Bush/jungle within 500m

No 138 (29.1) 336 (70.9) Ref. —

Yes 56 (16.4) 285 (83.6) 0.5 (0.3–0.7, <0.01) —

Floor type of animal house

Concrete 5 (8.5) 54 (91.5) Ref. —

Brick with straw 86 (23.8) 275 (76.2) 3.4 (1.3–8.7, 0.010) —

Cement 49 (17.9) 225 (82.1) 2.4 (0.9–6.2, 0.080) —

Mud 48 (45.7) 57 (54.3) 9.1 (3.4–24.6, <0.01) —

Manure disposal practice

Disposal in pits 117 (20.3) 459 (79.7) Ref. —

Scattered disposal 15 (22.1) 53 (77.9) 1.1 (0.6–2.0, 0.73) 1.1 (0.6–2.2, 0.77)

Pond disposal 42 (30.7) 95 (69.3) 1.7 (1.1–2.6, 0.01) 2.1 (1.3–3.3, 0.01)

Cleaning strategy

Using hose pipe 31 (15.4) 170 (84.6) Ref. —

Swiping with water 85 (21.9) 304 (78.2) 1.5 (0.9–2.4, 0.06) —

Removing manure only 68 (36.7) 118 (63.4) 3.1 (1.9–5.1, <0.01) —

Frequency of cleaning cattle house

Once daily 35 (20.1) 139 (79.9) Ref. —

Twice daily 95 (23.8) 304 (76.2) 1.2 (0.8–1.9, 0.33) —

Thrice daily 63 (27.6) 165 (72.4) 1.5 (0.9–2.4, 0.08) —

After one or more day 0 (0) 13 (100) — —

Vector control measures

Mosquito net 58 (15.5) 316 (84.5) Ref. —

Mosquito Coil 93 (25.4) 273 (74.6) 1.8 (1.3–2.7, 0.01) 2.0 (0.8–5.3,0.14)

Chemical spray 7 (29.2) 17 (70.8) 2.2 (0.9–5.6, 0.08) 1.9 (1.3–2.7, 0.01)

Communal grazing

No 68 (17.9) 313 (82.2) Ref. —

Yes 126 (29.0) 308 (71.0) 1.88 (1.35−2.63, <0.01) 1.7 (1.2–2.5, 0.01)

Grazing land type

Marshy low land 29.8 (25) 59 (70.2) Ref. —

In paddy field 14 (56) 11 (44) 3.0 (1.2–7.5, 0.02) —

In dry low land 81 (25.2) 241 (74.8) 0.7 (0.5–1.3,0.39) —

Note: Percentages are presented by row. “Not estimable” indicates zero observations in comparator group. Multivariable model included variables with
p<0:05 in univariate analysis. Adjusted ORs are reported only for variables retained in the final multivariable model after stepwise backward elimina-
tion. Bold values indicate statistically significant results at p<0:05 level.
Abbreviations: CI, confidence interval; OR, odds ratio.
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Multivariate analysis confirmed several risk factors for LSD. Com-
pared with farms disposing of manure away from water bodies,
farms that disposed of manure in ponds had 2.1 times higher odds
of LSD (aOR= 2.1, 95% CI: 1.3–3.3). Compared with the use of
mosquito nets, the use of chemical sprays for insect control
remained a significant risk factor (aOR= 1.9, 95% CI: 1.3–2.7).
Communal grazing was also associated with increased odds of
LSD (aOR= 1.7, 95% CI: 1.2–2.5), suggesting a heightened risk
due to shared exposure. Goodness-of-fit testing revealed that the
model was appropriate for the data (Pearson chi2(10)= 24.34).
The AUC for the logistic regression model was 0.6364, indicating
moderate predictive ability of the model in differentiating
between LSD cases and noncases (Table 4).

3.5 | Animal-Level Risk Factors for LSD

In the univariate analysis, young cattle (7–24 months) (OR= 1.4,
95% CI: 1.1–1.8) and calves (0–6 months) (OR= 1.5, 95% CI:
1.0–2.2) exhibited significantly increased odds of contracting
LSD compared to mature cattle (>24 months). Local-breed cattle
had a significantly higher risk of LSD, with 5.7 times greater odds

(OR= 5.7, 95% CI: 4.3–7.5) compared to crossbreeds. Among
female cattle, milking cows exhibited a notably lower risk of infec-
tion (OR= 0.4, 95% CI: 0.2–0.8) when compared to dry cows. Cat-
tle with poor body condition scores (BCS 1 & 2) were 4.2 times
more likely to develop LSD (OR= 4.2, 95% CI: 2.5–7.0) than those
with good body condition (BCS 4 & 5). Additionally, cattle that
participated in communal grazing before the outbreak occurred in
their herd had 14.3 times higher odds of contracting LSD (OR=
14.3, 95% CI: 10.5–19.6).

Multivariate analysis confirmed that local-breed cattle remained
at significantly higher risk (aOR= 2.5, 95% CI: 1.4–4.5). Cattle
with poor body condition (BCS 1 & 2) had twice the odds of
developing LSD (aOR= 2.2, 95% CI: 0.9–5.9). The strongest inde-
pendent risk factor identified was communal grazing prior to the
onset of the disease, with cattle having 9.9 times higher odds of
infection (aOR= 9.5, 95% CI: 5.2–17.3) (Table 5). Goodness-of-fit
testing indicated that the model was appropriate for the data
(Pearson chi2(6)= 19.97). The Area Under the Curve (AUC) for
the model was 0.8109, reflecting good predictive ability in differ-
entiating LSD cases.

TABLE 5 | Determination of risk factors for LSD at animal level in Southern Bangladesh, 2023.

Variable Case n (%) Control n (%)
Univariate OR
(95% CI, p)

Multivariate aOR
(95% CI, p)

Age

Mature (<24m) 101 (21.7) 365 (78.3) Ref. —

Young (7–24m) 162 (28.3) 411 (71.7) 1.4 (1.1–1.8,0.02) —

Calf (0–6m) 52 (29.3) 125 (70.6) 1.5 (1.0–2.2,0.04) —

Breed

Cross 101 (13.3) 656 (86.7) Ref. —

Local 214 (46.6) 245 (53.4) 5.7 (4.3–7.5),< 0.01 2.5 (1.4–4.5, <0.01)

Sex

Male 134 (24.5) 412 (75.5) Ref. —

Female 181 (27.0) 489 (73.0) 1.1 (0.9–1.5, 0.32) —

Production stage of female cattle

Dry cow 18 (34.0) 35 (66.0) Ref. —

Heifer 93 (36.5) 162 (63.5) 1.1 (0.6–2.1, 0.72) —

Milking cow 35 (17.3) 167 (82.7) 0.4 (0.2–0.8, 0.02) —

Pregnant cow 35 (21.9) 125 (78.1) 0.5 (0.3–1.1, 0.08) —

BCS

BCS 4 & 5 91 (23.4) 298 (76.6) Ref. —

BCS 3 180 (24.0) 569 (76.0) 1.0 (0.8–1.4, 0.81) 1.2 (0.7–2.1, 0.51)

BCS 1 & 2 44 (56.4) 34 (43.6) 4.2 (2.5–7.0, <0.02) 2.2 (1.2–4.2, 0.02)

Communal grazing

No 197 (67.7) 94 (32.3) Ref. —

Yes 118 (12.8) 807 (87.2) 14.3 (10.5–19.6,< 0.02) 9.4 (5.2–17.3, <0.01)

Note: Percentages are presented by row. “Not estimable” indicates zero observations in comparator group. Multivariable model included variables with
p<0:05 in univariate analysis. Adjusted ORs are reported only for variables retained in the final multivariable model after stepwise backward elimina-
tion. Bold values indicate statistically significant results at p<0:05 level.
Abbreviations: CI, confidence interval; OR, odds ratio.
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In our study, communal grazing showed significant association
with LSD status at both the farm and individual levels, although
the magnitude of association differed between the two levels. This
indicates that the practice influences disease occurrence not only
through herd management but also through individual animal
exposure.

3.6 | Spatial Autocorrelation

The spatial autocorrelation analysis showed a clustering pattern in
the prevalence data, as evidenced by aMoran’s index value of 0.25
(where 0 indicates randomness). However, this clustering was not
statistically significant, with a p-value of 0.4095.

4 | Discussion

LSD has emerged as a significant threat to cattle health and live-
stock production in Bangladesh, posing substantial economic and
epidemiological challenges. In our study, we identified three prin-
cipal findings: At the farm level, LSD prevalence was significantly
associated with communal grazing, where cattle from different
herds shared grazing areas, facilitating disease transmission. At
the animal level, cattle in poor body condition had a higher likeli-
hood of contracting LSD compared to those in better condition,
and local-breed cattle exhibited a higher prevalence of LSD com-
pared to crossbred cattle. These findings highlight the critical role
of both farm management practices and animal characteristics in
the transmission of LSD.

A study of Barishal District, Bangladesh, reported in 2023 that
calves aged 0–6 months had a maximum prevalence of 33.84%,
while older age groups showed lower infection rates [24], which
supports our current finding. This increased susceptibility in
younger cattle is likely due to their immature immune systems,
which are less effective at combating infections [25]. Additionally,
management practices that facilitate close contact among animals
may contribute to higher exposure rates to infected animals or
vectors, further increasing disease prevalence in this age group
[26]. Our study also demonstrated that younger cattle had signifi-
cantly higher odds of LSD compared to mature cattle. These find-
ings reinforce the notion that age-related immune responses and
management factors play critical roles in LSD susceptibility. Con-
versely, some studies have reported no significant difference in
LSD prevalence between age groups. For instance, research in
Ethiopia found that LSD affected all cattle, regardless of age,
with both local and crossbreeds being susceptible [27]. This sug-
gests that factors other than age, such as breed susceptibility,

environmental conditions, and management practices, may play
a more critical role in disease transmission.

We observed that local cattle breeds had a higher prevalence of
LSD compared to crossbreeds, which contrasts with some litera-
ture suggesting that local breeds possess greater resistance to
endemic diseases due to adaptive immunity. A study in Chatto-
gram, Bangladesh, reported a lower infection rate of LSD in local
cattle compared to crossbreeds [13]. However, our findings
showed that local breeds had 2.5 times higher odds of LSD com-
pared to crossbreeds, with this result remaining significant in the
multivariate analysis. Similar findings have been reported in
India, where local breeds appeared more frequently affected by
LSD; however, this increased susceptibility has been attributed
largely to the conditions under which these animals are kept,
including malnutrition with impaired cellular immunity, poorer
management, and more limited access to veterinary care in rural
areas [28]. Conversely, studies from Bangladesh found that local
breeds were more resilient to LSD, likely due to better adaptation
to local environmental conditions [13]. The higher infection risk
in local cattle in Bangladesh is likely linked to contextual factors
such as communal grazing practices, which increase exposure to
infected animals and vectors, and inadequate veterinary care [13].
While breed-specific immune differences may play a role, these
findings emphasize the importance of management practices and
grazing exposure that influence disease risk rather than implying
innate breed susceptibility [3] (Figure 4).

In this study, vector control measures—such as mosquito nets,
mosquito coils, and chemical sprays—were evaluated for their
effectiveness in controlling LSD. LSDV is transmitted primarily
through the mechanical action of biting arthropods, notably Sto-
moxys calcitrans andAedesmosquitoes, which are prevalent in the
humid climate of Southern Bangladesh [29]. Although mosquito
nets were associated with reduced LSD risk, conventional nets
provided limited protection against stable flies, which are among
the main vectors [29]. Insecticide-treated or fine-mesh nets may
therefore offer improved protection by targeting a broader range
of vectors [30]. In contrast, short-acting measures such as mos-
quito coils and chemical sprays appear less effective [31], empha-
sizing the need for integrated vector management approaches,
including housing improvement, manure management, and envi-
ronmental modification, to reduce breeding sites. This association
should be interpreted cautiously as increased insecticide use may
reflect reactive application following outbreak detection rather
than a true causal effect. Despite their lower effectiveness, mos-
quito coils and chemical sprays remain widely used due to afford-
ability and availability [32]. However, their repeated application

Poor
management

Influences
condition

Increases
exposure

Communal
grazing

Increases
exposure

Local 
breeds

Increases
exposure

Increases
susceptibility

Higher odds 
of infection

Disease
transmission

Increased
risk of LSD

LSD
prevalence

Poor body
condition

FIGURE 4 | Directed acyclic graph (DAG) illustrating the relationships between farm management practices (poor management, communal

grazing), animal body condition, and breed-specific factors in the transmission of lumpy skin disease (LSD). The graph shows how these factors might

influence exposure and susceptibility, potentially confounding the relationship between breed and disease prevalence, leading to increased risk of LSD in

cattle.
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raises environmental and health concerns and underscores the
need for more sustainable and evidence-based control measures.
Notably, a “no-control” group could not be included as all farms
had adopted at least one protective measure in response to the
high burden of LSD in the region. Communal grazing and water-
ing points have been identified as significant risk factors for the
transmission of LSDV in cattle. Through communal grazing,
infected animals shed the virus in saliva, nasal secretions, and
lesions, contaminating the shared pastures [33]. Therefore, the
virus infects healthy animals when they come in contact with
the pastures during grazing. In rural Bangladesh, communal graz-
ing remains prevalent due to land constraints and traditional live-
stock management practices [34]. Smallholder farmers often lack
access to private grazing lands, compelling them to rely on shared
pastures where cattle frommultiple farms intermingle, increasing
the risk of LSDV transmission [34]. Additionally, studies have
reported that local breeds in rural areas frequently face constraints
such as poorer management practices and reduced access to vet-
erinary services, which may further increase their vulnerability to
infection [35]. In our study, the higher prevalence of LSD in local
breedsmight therefore reflect greater exposure to communal graz-
ing and environmental risk factors, in combination with these
management- and service-related constraints, rather than a lack
of inherent resistance.

A study conducted in Nakuru County, Kenya, demonstrated that
farms practicing communal grazing had higher odds of LSD out-
breaks, suggesting that the shared-pasturing of cattle from differ-
ent herds facilitates the spread of the virus [20]. Similarly, research
in Northern Egypt found that communal grazing areas contrib-
uted to increased LSD seroprevalence, highlighting the role of
shared pastures in disease dissemination [36]. The same study
in Kenya highlighted that farms with limited veterinary support
experienced higher rates of LSD [20]. Notably, this association is
not exclusive to LSD but extends to various infectious diseases as
insufficient veterinary intervention compromises disease preven-
tion, timely diagnosis, and effective management. The presence of
vector populations, such as biting flies, is influenced by environ-
mental conditions, and local breeds in rural settings might have
greater exposure to these vectors [37]. Research has shown that
vector control is essential in managing LSD outbreaks, particu-
larly in areas with high vector densities [26].

We found a slightly higher prevalence of LSD in female cattle
compared to males, which is consistent with findings from Chat-
togram, Bangladesh, where females were at greater risk of infec-
tion [13]. This increased susceptibility may be attributed to
physiological factors as pregnancy and lactation can induce
immunosuppression, making female cattle more vulnerable to
infections. Studies indicate that immunemodulation during these
stages can weaken the body’s defense against pathogens [38].
Furthermore, female cattle are typically retained longer for breed-
ing and milk production, increasing their cumulative exposure to
infection sources. Traditional management practices, where
female cattle are housed in closer proximity formilking and repro-
duction, might further facilitate disease transmission. Given that
LSD is primarily spread through biting insects, prolonged expo-
sure to vectors in confined spaces can elevate infection risks [39].
However, our study found that milking cows had a significantly
lower risk of LSD compared to dry cows. As milking cows may
receive better nutrition and veterinary care, this could enhance

immune function and lower disease susceptibility. Stratified anal-
yses by farm management intensity, such as comparing intensive
versus extensive systems, could help to better understand the
influence of farm practices on this outcome. Some studies have
reported no significant sex-based differences in LSD prevalence,
suggesting that other factors—such as breed, environmental con-
ditions, and farm management practices—might also influence
disease occurrence [40]. Additionally, reverse causation should
be considered as poor body condition (BCS) in dry cows could
be a consequence of illness rather than a predisposing factor,
and prospective study designs could clarify the causal relation-
ships between body condition and disease risk [41].

Body condition is another animal risk factor that plays a signifi-
cant role in susceptibility to LSD. Cattle with poor BCSs were 2.2
times more likely to develop LSD compared to those with good
body condition, and this association was found significant in mul-
tivariate analysis. Poor body condition is often associated with
malnutrition, chronic illness, or high parasite loads, all of which
can weaken immune responses and increase disease susceptibility
[39]. Studies have shown that cattle with compromised health
status are more prone to vector-borne diseases, including LSD,
due to their reduced ability to mount effective immune responses
[42]. However, reverse causation should be considered as poor
body condition could also result from illness rather than being a
predisposing factor for LSD. Prospective study designs would help
clarify the temporal relationship between the body condition and
the development of LSD, providing more insights into the direc-
tion of causality.

In our study, several farm-level management factors were found
significantly associated with the occurrence of LSD in cattle
(Figure 5). Notably, the presence of stagnant water bodies near
farms was identified as a significant risk factor, with an odds ratio
of 15.8. Stagnant water serves as an ideal breeding ground for
insect vectors, particularly mosquitoes and biting flies, which
are implicated in the transmission of LSDV. This finding aligns
with previous research highlighting the role of arthropod vectors
in the epidemiology of LSD [43].

Flooring type in cattle housing was another significant factor
influencing the risk of LSD. Specifically, mud flooring was associ-
ated with an increased risk compared to that of concrete flooring.
This association is likely due to the fact that mud floors can harbor
moisture and organic matter, creating an environment conducive
to the breeding of insect vectors such as mosquitoes and flies,
which are known to transmit LSDV (Figure 5). Additionally,
mud flooring can lead to poor hygiene conditions, facilitating
the persistence and transmission of pathogens. Improved housing
conditions, including the use of concrete or other easily cleanable
surfaces, can reduce the risk of LSD by minimizing contact with
contaminated surfaces and reducing vector breeding sites. A study
assessing the impact of housing systems and environmental fea-
tures on beef cattle welfare supports this, indicating that flooring
type can influence the microclimate and overall health of cat-
tle [44].

We found that the farms that disposed manure in ponds had
higher odds of LSD, likely due to the role of organic waste in
attracting insect vectors. A study on the clinical management of
LSD emphasizes the importance of proper manure disposal to
prevent vector attraction and subsequent disease spread [45].
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Beyond risk factor assessment, this study identified significant
spatial heterogeneity in LSD prevalence, with Barishal exhibiting
the highest burden, particularly in Bakerganj and Hijla, suggest-
ing potential epidemiological hotspots. The high LSD prevalence
in certain subdistricts may be attributed to regional differences in
housing system, vector populations, and cattle movement patterns
[12]. High farm density can facilitate rapid disease spread, while
abundant vector populations, such as biting flies, enhance trans-
mission efficiency. Frequent cattle movements, especially in trad-
ing hubs, further contribute to the dissemination of the virus.
These findings highlight the need for geographically targeted
interventions, such as intensified surveillance and localized vector
control efforts, in high-risk areas. Implementing biosecurity mea-
sures tailored to specific regional risks can effectively mitigate
LSD outbreaks.

5 | Limitations

Despite several strengths of this study, it has several limitations as
well. The convenience sampling method limits the generalizabil-
ity of the study as only farms in accessible subdistricts were
included. This nonrandom sampling approach can introduce
selection bias and might not represent the full diversity of out-
break areas across Southern Bangladesh. The unequal number of
case and control farms and animals may have reduced statistical
power and increased uncertainty in some estimates, particularly
in multivariable analyses. These limitations should be considered
when interpreting the study findings. A major limitation is the
reliance on clinical diagnosis without laboratory confirmation of
LSD cases, which increases the risk of misclassification, particu-
larly in mild or atypical cases. This could lead to under- or

overestimation of disease prevalence. Underreporting of LSD,
especially in rural and small-scale farms with limited documenta-
tion, hindered data collection and reduced the availability of con-
firmed cases. The lack of accurate data on outbreak onset and
duration due to the absence of a proper data recording system
also limited our ability to track disease spread. Additionally, the
ongoing nature of the outbreak beyond the study period prevented
a full assessment of its temporal dynamics.

Additionally, farm-level biosecurity measures were highly vari-
able, making it challenging to control for confounding factors in
disease transmission analysis.

The clinical variability of LSD, which includes both symptomatic
and asymptomatic infections, further complicates case identifica-
tion. Highmorbidity and mortality in clinically affected cattle also
limited access to comprehensive data from affected farms. More-
over, the cross-sectional design of the study only allows for the
identification of associations rather than causation. Recall bias is
another concern as structured interviews relied on farmers’ recol-
lection of past outbreaks and management practices. Environ-
mental and climatic factors, such as vector density, temperature,
humidity, and rainfall, were not incorporated, even though they
are critical determinants of LSD transmission. Furthermore,
although a few animals were vaccinated, the vaccination status
was not fully addressed, leaving the effect of immunization on
disease susceptibility uncertain.

To address these limitations, future studies should incorporate
laboratory-confirmed diagnostics, such as PCR or serological test-
ing, to improve case-identification accuracy. Longitudinal study
designs are recommended to establish causal relationships
between risk factors and LSD occurrence. Entomological

Environmental and farm management

Abundance of biting flies and mosquitoes
Vector density around cattle

→ Higher probability of mechanical transmission
   of LSDV

Vector proliferation

LSDV-Infected cattle

Healthy cattle

LSD infection outcome
Risk of LSD occurrence at farm and animal
levels

• Association observed in multivariable analysis 

• Environmental contamination around housing
and grazing sites  

Contact with infected vectors
Exposure during communal grazing

Cattle exposure pathways

• Stagnant water
• Mud flooring
• Manure disposal
→ Create favorable conditions for vector breeding

•
•

↑

• ↑

• ↑

• ↑

↑

FIGURE 5 | Conceptual pathway linking environmental conditions, vector activity and cattle exposure leading to LSD infection. This diagram

summarizes how key environmental and management conditions identified in the study, including stagnant water near farms, mud flooring andmanure

disposal in ponds, promote vector breeding. Increased populations of biting flies and mosquitoes heighten the likelihood of mechanical transmission of

LSDV. Cattle become exposed through contact with infected vectors and through communal grazing, resulting in a higher risk of LSD infection as

demonstrated by the multivariable analysis.

12 of 14 Transboundary and Emerging Diseases, 2026

 tbed, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/tbed/7813523 by Ibrahim

 K
halil - W

iley , W
iley O

nline L
ibrary on [20/05/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



surveillance should measure vector density and species composi-
tion, while meteorological data could improve understanding of
seasonal disease dynamics.

From an intervention perspective, vaccination campaigns should
target high-risk groups, particularly young and local-breed cattle.
Farm management practices, including proper manure disposal
and improved housing, should be emphasized. Vector control
strategies should move beyond mosquito coils and chemical
sprays towardmore effective measures, such as insecticide-treated
nets and environmental modifications to reduce breeding sites.
Biosecurity measures, including controlled or rotational grazing,
should be implemented tominimize contact between infected and
healthy animals. Strengthening veterinary outreach programs and
establishing regular surveillance for LSD at farm level should
improve early detection, facilitate rapid response, and support
the implementation of risk-based vaccination and vector-control
strategies. At the policy level, zoning strategies and subsidies for
vaccination, housing improvements, and vector control can sup-
port smallholder farmers in implementing effective LSD preven-
tion measures.

6 | Future Directions

Future research on lumpy skin Disease (LSD) should focus on lon-
gitudinal studies to establish causal relationships between risk factors
and disease progression, alongside laboratory-confirmed diagnostics
(e.g., PCR or serological testing) to improve case accuracy. Incorpo-
rating environmental factors such as vector density, temperature,
and rainfall through entomological and meteorological surveillance
will enhance understanding of seasonal dynamics. More effective
vector control strategies, such as insecticide-treated nets and environ-
mental modifications, should be explored. Spatial autocorrelation
and hotspot mapping can identify high-risk areas for targeted inter-
ventions, while research on vaccine efficacy and cattle immunitywill
help develop more effective vaccination programs. Improving data
recording systems for real-time surveillance, strengthening veteri-
nary outreach, and exploring policy interventions such as vaccina-
tion subsidies and vector control can significantly mitigate LSD’s
impact in affected regions.

7 | Conclusion

This study provides critical insights into the epidemiology of LSD
in Southern Bangladesh. The findings identify several key risk
factors, including manure disposal in ponds, communal grazing,
and the vulnerability of local cattle breeds and poorly conditioned
animals. These factors underscore the need for targeted vaccina-
tion, improved manure management, and community-level bio-
security interventions to significantly reduce LSD transmission in
endemic zones. Effective control measures should focus on high-
risk farms, with emphasis on risk-based vaccination, enhanced
biosecurity, and more robust vector control methods. The study’s
results also point to the importance of integrating farm-level man-
agement and environmental conditions into LSD surveillance sys-
tems to better predict outbreaks. Moving forward, longitudinal
studies and environmental surveillance are essential for refining
control strategies and informing policy development aimed at
mitigating the impact of LSD on livestock health and productivity
in the region.
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