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Abstract | Lumpy skin disease (LSD) is a significant viral disease affecting cattle. Transmitted primarily by arthropod
vectors, LSD has substantial economic impacts. LSD has become a major issue in Vietnam, with the first occurrence
recorded in October 2020 in Lang Son province. In 2021, there were outbreaks of LSD in many regions, with Tien
Giang province being the most severely affected. This research aims to analyze the epidemiological features of LSD,
determine possible sources and related risk factors for an epidemic of LSD in Tien Giang. In 2023, the morbidity rate
was 42.55% (20/47), and the death rate was 6.38% (3/47), leading to a case fatality rate of 15.0% (3/20). The primary
clinical manifestations were cutaneous lesions, dyspnea, and lameness. The most impacted group was cattle under six
months old. The investigation found indicators associated with disease outbreaks, including clinical symptoms in nearby
tarms, unvaccinated animals, and the absence of vector control measures. Given the significant economic repercussions
caused by LSD, it is crucial to establish and enforce efficient control and prevention measures. These measures include
animal movement regulation and isolation, adherence to biosecurity procedures during neighboring disease outbreaks,
and focused immunization of vulnerable populations to halt disease transmission.
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INTRODUCTION LSDV cross-reacts serologically with sheep and goat pox

strains within the same genus (Tuppurainen ez a/., 2017).

umpy skin disease (LSD), caused by the lumpy skin
disease virus (LSDV), a member of the Poxviridae
tamily and Capripoxvirus genus, is a significant viral dis-

ease affecting cattle. Although phylogenetically distinct,

LSDV is non-zoonotic and primarily transmitted by ar-
thropod vectors such as mosquitoes, flies, and ticks; direct
contact transmission is ineffective (Magori-Cohen ez 4/,
2012). Clinical manifestations include fever, nodular skin
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lesions, lesions on the mucous membranes of the respirato-
ry and digestive tracts, enlarged subscapular and precrural
lymph nodes, lameness, a sharp decrease in milk produc-
tion in lactating animals, lacrimation, nasal discharge, and
salivation (Datten ez al., 2023; Tuppurainen ez al., 2017).
'The incubation period typically ranges from 4 to 14 days,
but can extend to 28 days (Li ez a/., 2022). Morbidity rates
vary from 2% to 45%, with mortality generally around 10%
(Tuppurainen ez al., 2017).

LSD causes substantial economic losses due to decreased
production, reduced hide quality, delayed growth, infertil-
ity, and mortality. Consequently, the World Organization
for Animal Health has classified LSD as a notifiable trans-
boundary disease. The impact on the international trade of
cattle and animal products and the costly control and erad-
ication measures pose significant economic consequences
for affected countries (Tuppurainen ez a/.,2017). First iden-
tified in Zambia in 1929, caused by the Neethling strain
of Capripoxvirus, LSD has historically been prevalent in
Africa and the Middle East. Recombinant LSDV lineages
from these regions have since spread to China, Mongolia,
Vietnam, Cambodia, Laos, Thailand, Malaysia, and Indo-
nesia (Li e a/., 2023). In Vietnam, the first LSD case was
reported in Lang Son province in October 2020. Since
then, the disease has been reported in 55 of 63 provinces
and cities, 457 districts, and 4,280 communes. From Janu-
ary to May 2024, 68 outbreaks occurred in 10 provinces, re-
sulting in 404 diseased cattle and 93 buffaloes being culled,
marking a 9.67% increase compared to 2023 (DAH, 2024).
'The initial LSD outbreak in Tien Giang province emerged
in August 2021 in Cho Gao district and rapidly spread,
affecting 10 out of 11 districts by December of that year.
In 2022, the province recorded 16 outbreaks across 6 of its
11 districts. LSD, a newly introduced disease in Vietnam,
has persisted for three years with recurrent outbreaks. The
abundance of disease vectors and the subtropical climate
in the Mekong Delta region may contribute to the ongo-
ing transmission of LSD. Epidemiological understanding
of LSD in Tien Giang province is limited due to the lack
of comprehensive investigations into numerous outbreaks.
'This study aims to address this gap by investigating the on-
going LSD outbreak in Tien Giang province, elucidating
its epidemiological characteristics, identifying potential
sources of LSD introduction, and assessing associated risk
factors.

MATERIALS AND METHODS

SAMPLE COLLECTION AND PRESERVATION METHODS

To assess the prevalence and distribution of LSDV in cat-
tle in Tien Giang province, sampling was conducted from
January 2023 to December 2023, using a retrospective
cross-sectional design. Data on LSD outbreaks, clinical
cases, and mortality will be obtained from official veteri-

nary reports and interviews with farm owners. Cattle farm
selection for sampling will be entirely randomized. Nasal
swabs will be collected following QCVN 01-83:2011 and
TCCS 04:2020/TY-DT (MARD, 2020) guidelines, with
three swabs taken from each cattle farm and combined
to form a representative sample for the farm. These swab
samples will be collected along with epidemiological in-
formation on risk factors, including herd size, animal in-
troduction, vector control, signs of disease in neighboring
farms, grazing practices, and vaccination status, which will
be gathered via a questionnaire.

The collected swab samples will be preserved in a 10% glyc-
erol solution, labeled, and stored in a cold box at tempera-
tures between 2°C and 8°C. They will then be transported
to the laboratory of the Faculty of Veterinary Medicine at
Can Tho University for diagnostic monitoring and detec-
tion of LSDV using PCR methodology.

PCR METHODOLOGY

Nasal swab samples were transported to the laboratory un-
der chilled conditions and prepared as a 20% suspension in
PBS. The suspensions were centrifuged at 3,500 rpm for
10 minutes, and the supernatant was collected for DNA
extraction. Viral DNA was extracted using the TopPURE"®
RNA/DNA Viral Extraction Kit (ABT, Vietnam) accord-
ing to the manufacturer’s protocol. Detection of LSDV
was performed using a conventional PCR assay targeting
the P32 gene, following the OIE guidelines (OIE, 2017).
The primers used were: forward 5-TTTCCTGAT-
TTTTCTTACTAT-3' and reverse 5-AAATTATAT-
ACGTAAATAAC-3', which amplified a 192 bp fragment
specific to LSDV. PCR amplification was carried out in a
25 pL reaction mixture containing 12 uL. of GoTaq” DNA
Polymerase Master Mix (Promega, USA), 1 pL of each
primer (10 pM), 8 pL of nuclease-free water, and 3 pL of
extracted DNA template. The thermal cycling conditions
were as follows: initial denaturation at 94°C for 5 minutes,
tollowed by 35 cycles of denaturation at 94°C for 60 sec-
onds, annealing at 50°C for 30 seconds, and extension at
72°C for 60 seconds, with a final extension step at 72°C for
5 minutes. PCR products were separated by 1.5% agarose
gel electrophoresis, stained with ethidium bromide, and
visualised under UV light using a BIO-Rad transillumina-
tor. To ensure assay validity, positive and negative controls
were included in each PCR run. The positive control con-
tained LSDV DNA from a confirmed case, and the neg-
ative control contained nuclease-free water to detect any
contamination. Only results validated by appropriate con-
trol reactions were considered for interpretation.

DATA ANALYSIS

Epidemiological data were collected through structured

questionnaires administered to cattle farm owners. The

collected data were entered into Microsoft Excel 2016 for
0
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coding and initial management. Morbidity, mortality, and
case fatality rates were calculated based on reported clinical
cases. Temporal trends of the outbreak were visualized us-
ing epidemic curves, while the spatial distribution of LSD
cases was mapped using QGIS version 3.22.5.

Risk factor variables were selected based on previous liter-
ature and expert consultation, including the introduction
of new animals, grazing practices, vaccination status, clin-
ical signs observed in neighboring farms, and the imple-
mentation of vector control measures. Univariable logistic
regression was initially performed using Minitab version
2021 and WinEpi (http://www.winepi.net) to estimate
crude odds ratios (OR) and 95% confidence intervals (CI).
A cutoft value of p-value < 0.2 was employed to select var-
iables for inclusion in multivariable analysis. Multivaria-
ble logistic regression was performed in R (version 4.3.0)
using the glm() function (binomial family) to assess inde-
pendent risk factors for LSD. Adjusted odds ratios (AOR),
95% confidence intervals, and p-values were calculated.
Model refinement was done via backward stepwise elim-
ination based on the Wald test. Model fit and multicol-
linearity were evaluated using the Hosmer-Lemeshow test
(ResourceSelection package) and Variance Inflation Factor
(car package), respectively. A p-value < 0.05 was considered
statistically significant.
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Figure 1: Geographic distribution of LSD outbreaks in

cattle, Tien Giang province, Vietnam.

RESULTS AND DISCUSSION

CURRENT SITUATION OF LSD IN CATTLE

A total of 110 farms were examined to investigate LSD
outbreaks in Tien Giang province. Among them, 20 farms
experienced incidents of LSD between January 1, 2023,
and December 31, 2023. Figure 1 depicts the geographic
spread of the index farm and the farms impacted by LSD.
'The first instance of LSD in the region was detected in the
Go Cong Tay district on January 12, 2023. Furthermore,

Table 1 presents comprehensive data on the total number

of cases, morbidity rates, and death rates of LSD in the
districts of Tien Giang province.

Table 1: Summary of LSD outbreak distribution across
districts in Tien Giang province.

Admin- Farms Num- Num- Num- Num- Mor- Morx-

istrative ber of berof berof berof bidity tality

unit sick ani- sick dead (%) (%)
farms mals animals animals

CaiBe 10 1 5 1 0 20.00 0

district

CaiLay 10 0 0 0 0 0.00 O

district

Chau 10 3 8 4 0 50.00 0

Thanh

district

Cho Gao 10 5 10 7 0 70.00 0

district

Go Cong 10 0 0 0 0 0.00 0

Dong

district

Go Cong 10 3 6 4 1 66.67 16.67

Tay dis-

trict

Tan Phu 10 2 11 3 1 27.27 9.09

Dong

district

Tan 10 0 0 0 0 0.00 0.00

Phuoc

district

MyTho 10 1 7 1 1 14.29 14.29

city

CaiLay 10 0 0 0 0 0.00 0.00

commune

Go Cong 10 0 0 0 0 0.00 0.00

commune

Total 110 15 47 20 3 42.55 6.38

In this study, the overall morbidity of the disease was 42.5%,
the mortality was 6.38%, and the case fatality was 15.0%
(3/20 cases). The highest morbidity rates were observed
in the districts of Cho Gao, Go Cong Tay, and Tan Phu
Dong, which were higher than the findings of Huyen ez a/.
(2023) in Tien Giang province in 2022, where the mor-
bidity and mortality of LSD were observed to be 32.34%
and 4.25%, respectively. In a study conducted by Cuong ez
al.(2022) in Tra Vinh and Dong Thap provinces, the mor-
bidity and mortality rates of LSD were found to be 40.16%
and 9.11%, respectively. Arjkumpa e /. (2024) conducted
a study in Thailand and found that the morbidity rate of
LSD was 34.57% and the mortality rate was 3.47%. Oryn-
bayev ez al. (2021) conducted a study in Kazakhstan and
documented a morbidity rate of 12.9%. This variance is due
to different geographical regions and periods of the studies.
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longer, allowing cattle to develop more robust defenses. In
contrast, Tien Giang province has seen the morbidity rates
emerge only in the last two years, resulting in higher infec-
tion rates due to the lack of immunity. Additionally, epi-
demics cause panic among cattle producers, limiting their
ability to identify and contain the disease effectively.

As of December 2023, Figure 1 shows that 11 out of 156
communes (7.05%) in 6 out of 11 districts/cities in Tien
Giang province reported families with livestock infected by
LSD. This marks an increase from 2022, when 10 com-
munes (6.41%) were affected across 9 districts/cities. The
districts of Cho Gao, Go Cong Tay, Tan Phu Dong, and
Chau Thanh are particularly impacted, with the highest
number of communes reporting LSD cases. Specifically,
15.79% of communes in Cho Gao, 23.07% in Go Cong
Tay, 33.33% in Tan Phu Dong, and 15.00% in Chau Thanh
reported cases. There has been an increase in outbreaks in
Cho Gao (2 out of 19 communes), Go Cong Tay (2 out of
13 communes), Tan Phu Dong (2 out of 6 communes), and
Chau Thanh (0 out of 20 communes) compared to 2022.
'The number of cases in Cho Gao is 7, Go Cong Tay has
4, Tan Phu Dong has 3, and Chau Thanh has 4. In other
districts, just one commune per district reported an LSD
epidemic. The rise in cases compared to 2022 may be due
to neglecting the revaccination of herds. Infected cattle are
mainly under six months old and lack defensive antibodies.
Vaccination, as recommended by the Vietnam Department
of Animal Health MARD (2020) and OIE (2017), is cru-
cial. Enhancing the knowledge and awareness of livestock
producers about vaccination and implementing biosecurity
protocols in animal agriculture is essential.

LSD case incidence in Tien Giang

Rainy Season
(Ju-Oct)

Number of farms with LSD
o

| Date of onset

Figure 2: Epidemic curve of LSD outbreaks in cattle farms
in Tien Giang Province, showing case incidence over time.

Figure 2 depicts a clustering of cases from June to Au-
gust 2023, corresponding to the data documented by the
Sub-Department of Animal Health Tien Giang in 2021
and 2022. This phenomenon might be due to the persistent
occurrence of previous epidemics and the increased prev-
alence of disease-carrying vectors during the rainy season
in the Mekong Delta. The research done by Gupta ez al.
(2020) and Tuppurainen e a/. (2017) has emphasised that
the primary cause of the development of LSD is the move-
ment of cattle. This transmission happens by mechanical
vectors, such as flies, mosquitoes, and ticks, which carry and

transmit infections. These vectors are essential in transmit-
ting the illness across vast distances from locations with
cases to surrounding regions.

Skin nodules 95% (19/20)

Shortness of breath 85%(17/20)
Lameness 80% (16/20)
Loss of appetite 80% (16/20)
Knee swelling 75% (15/20)
Hypersalivation 70% (14/20)

Lacrimation 60% (12/20)

Depression 50% (10/20)

Death 15% (3/20)

[ Clinical sign prevalence (95% Cl)

0 20 40 60 80 100
Percentage of cases

Figure 3: Percentage and frequency of clinical signs
observed in cattle with LSD (n = 20), with 95% confidence
intervals.

A P W A

Figure 4: Clinical signs of nodular dermatitis in LSD-
infected cattle. (A) and (B) Many nodules appear on the
body, especially on the head and feet.

CLiNICAL SIGNS IN CASE FARMS

Survey results from 20 clinically confirmed LSD cases in
cattle in Tién Giang Province revealed consistent patterns
of symptom expression. As shown in Figure 3, fever was
the most frequently observed clinical sign, occurring in
95% of affected animals, followed by the presence of cu-
taneous nodules, which varied in number and distribution
depending on disease severity. In more severe cases, cattle
exhibited both high fever (ranging from 40.0°C to 41.5°C)
and extensive nodular dermatitis. Figure 4 provides pho-
tographic documentation of these hallmark skin lesions,
with Figures 4A and 4B depicting multiple raised nodules
predominantly located on the head, limbs, and body, typ-
ical of advanced-stage LSD. These findings are consistent
with previous descriptions of LSD symptomatology and
confirm the disease’s characteristic febrile and dermatolog-
ical manifestations. According to Abutarbush ez a/. (2015),
lesions may peel off, potentially leaving a thickened area of
the entire skin, with characteristic necrotic lesions forming
inverted cone-shaped ulcers known as “sit fast” Sprygin ez
al. (2019) report that in severe cases, cattle may experience
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persistent high fever, severe debilitation, poor appetite, and
the appearance of one or several hundred nodules, which
are often of similar size on the same animal. Symptoms also
include respiratory distress, shortness of breath in 85.0% of
cases, and lameness, affecting 80.0% of cattle, which are
common in LSD infections. Swelling and edema can be
observed in the chest, face, and one or more limbs, making
movement difficult for the animals (Jameel, 2016). Addi-
tionally, symptoms such as loss of appetite, knee swelling,
hypersalivation, lacrimation, and depression have also been
noted in LSD cases in Tien Giang. These clinical signs are
characteristic of the disease and can be used to differentiate
LSD from other infectious diseases.

Table 2: Univariable logistic regression analysis of potential
risk factors associated with LSD occurrence in cattle farms.

Variables Category Cas- Non- Morbid- OR  p-val-
es cases ityrate (95% ues
(%) CI)
Herd size <5 12 55 17.91 291 0.103
>5 3 40 6.98 0.80-
10.56
Introduced Yes 2 15 11.76 0.77 0.746
new animals N, 13 75 1477  0.16-
3.78
Use of vector No 5 9 35.71 4.78 0.010°
control Yes 10 85 1053  1.45-
15.79
Symptoms in ~ Yes 6 9 40.00 6.37 0.001°
neighboring N, 9 86 947 204
farms 19.89
Grazing Commu- 2 8 20.00 1.67 0.539
nal
Ze- 13 87 13.00 0.32-
ro-grazing 8.69
Vaccine No 9 15 37.50 8.00 0.001°
Yes 6 80 6.98 2.76-
23.15

*Represents the values considered for further analysis; CI-
confidence interval; OR-odds ratio.

PROBABLE Risk FACTORS

Results from the 2023 risk factor analysis (Table 2) iden-
tified three variables significantly associated with increased
morbidity due to LSD in cattle farms in Tien Giang prov-
ince: lack of vaccination (OR = 8.00; 95% CI: 2.76-23.15;
p = 0.001), absence of vector control measures (OR = 4.78;
95% CI: 1.45-15.79; p = 0.010), and the presence of clin-
ical symptoms in neighboring farms (OR = 6.37; 95% CI:
2.04-19.89; p = 0.001). These findings indicate that the
most influential contributors to LSD outbreaks were poor
vector management, regional transmission pressure from
adjacent farms, and failure to implement immunization

strategies. In contrast, factors such as introduction of new
animals (OR = 0.77; p = 0.746) and communal grazing
(OR = 1.67; p = 0.539) did not demonstrate statistical-
ly significant associations in the univariable analysis and
were excluded from the multivariable model. Their lack of
significance may reflect confounding with more proximal
determinants, such as vaccination coverage or farm-level
biosecurity practices. Notably, these results are consistent
with findings by Magori-Cohen ¢z a/. (2012) and Paslaru ez
al. (2021), who highlighted that while direct animal con-
tact contributes minimally to LSDV spread, mechanical
transmission via biting arthropods—including mosquitoes,
tabanid flies, houseflies, and ticks—remains the primary
pathway for disease dissemination.

Entomological surveys conducted during the 2023 out-
break confirmed the widespread presence of these vector
species on nearly all affected farms. This aligns with Gupta
et al. (2020), who emphasized the dual importance of low
immunological protection and high arthropod vector abun-
dance as key determinants of LSD risk. Despite the known
efficacy of vector control strategies, such as insecticide ap-
plication, larval habitat elimination, and physical barriers
(e.g., insect netting), implementation in smallholder sys-
tems remains inconsistent. Common barriers include lim-
ited access to insecticides, inadequate farmer knowledge,
and logistical challenges in applying treatments during the
rainy season, when vector populations typically peak and
cattle are more exposed due to muddy, flood-prone grazing
areas. Additionally, Kiplagat e /. (2020) underscored the
role of vector-borne and movement-related transmission
in non-migratory herds in Kenya, while Sevik and Dogan
(2017) observed increased LSD incidence following live-
stock movement during festive periods. Although Sprygin
et al. (2019) proposed that Musca domestica (housefly) may
be involved in LSDV transmission, this hypothesis remains
to be clinically validated.

Table 3: Multivariable logistic regression analysis

identifying significant risk factors independently associated
with LSD outbreaks.

Variable Adjusted OR (95% CI) p-value

Lack of vaccination 6.21 (2.01-19.19) 0.002°
No vector control 3.45 (1.12-10.66) 0.030°
Symptoms in neighboring 5.13 (1.72-15.32) 0.004
farms

Herd size (>5) 1.43 (0.42-4.91) 0.565

*Represents statistically significant value; CI-confidence
interval; OR-odds ratio.

Multivariable logistic regression analysis revealed three
statistically significant risk factors associated with the oc-
currence of LSD in cattle in Tien Giang province in 2023

(Table 3): lack of vaccination (OR = 6.21; 95% CI: 2.01-
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19.19; p = 0.002), absence of vector control measures (OR
= 3.45; 95% CI: 1.12-10.66; p = 0.030), and the presence
of clinical signs in neighboring farms (OR = 5.13; 95% CI:
1.72-15.32; p = 0.004). These findings reaffirm the criti-
cal role of active immunization and vector management in
controlling LSD outbreaks. They are consistent with previ-
ous studies by Kiplagat ez a/. (2020), Arjkumpa ez al. (2024)
and Gupta ¢z a/. (2020), which also identified low vaccina-
tion coverage, high vector density, and proximity to infect-
ed herds as major contributing factors in LSD transmis-
sion. Conversely, other variables such as herd size, grazing
system, and the introduction of new animals were not sta-
tistically significant in the multivariable model (p > 0.05),
suggesting their effects may be negligible or overshadowed
by stronger risk factors. This outcome reflects the small-
holder and dispersed nature of cattle farming in the Me-
kong Delta, where herd mobility is limited and commer-
cial animal movement is infrequent. These findings provide
evidence-based recommendations for targeted interven-
tions, including increasing vaccination coverage to exceed
80%, implementing seasonal vector control strategies, and
strengthening surveillance around outbreak-prone areas to
prevent viral dissemination within cattle populations.

Lumpy skin disease imposes a significant economic bur-
den on cattle farms, highlighting the need for effective
control and prevention measures. Our study has identified
key risk factors for LSD outbreaks, including the presence
of symptoms in neighboring farms and non-vaccination.
To manage disease spread, it is crucial to prevent infected
animals from entering uninfected areas and to control the
vectors responsible for LSD transmission. Regulating the
movement of affected animals and maintaining their pur-
chase and sale during outbreaks is essential. Local author-
ities, acknowledging the disease’s economic impact, should
enforce strict oversight. In Tien Giang, internal quarantine
checkpoints are vital for managing livestock movement
from affected zones, and a mandatory 21-day quarantine
for suspected animals is enforced. Early disease detection
is critical for the timely implementation of control meas-
ures. Efficient laboratory surveillance in high-risk districts
and stringent biosecurity measures are necessary to prevent
disease spread. Educating farmers, students, and local tech-
nicians about biosecurity protocols and the risks of neglect
is essential. Vector control strategies should be based on
vector biology, including reducing mosquito breeding sites,
using larvicides, applying insecticides, and implementing
farm netting. Community education on vector biology, dis-
ease transmission, and prevention is also essential. Main-
taining farm cleanliness and regular disinfection are crucial
for disease prevention. Vaccination coverage of over 80%
in susceptible populations is needed to curb further disease
spread.

CONCLUSIONS AND
RECOMMENDATIONS

'The study found an overall morbidity rate of 42.5%, a mor-
tality rate of 6.38%, and a case fatality rate of 15.0%. Mor-
bidity was highest in Cho Gao, Go Cong Tay, and Tan Phu
Dong districts. The rise in cases is attributed to inadequate
vaccination and vector control. Effective management re-
quires preventing infected cattle from entering uninfected
areas, regulating animal movement, and controlling vec-
tors. Enhanced vaccination coverage, stringent biosecurity
measures, and early disease detection are crucial. Educa-
tion on biosecurity, vector control, and maintaining farm
cleanliness is essential to mitigate the disease’s impact and
prevent further spread.
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