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Abstract

Classical swine fever (CSF) is an important viral disease of pigs caused by classical swine fever virus
(CSFV), with major impacts on animal health and the livestock industry. This study aimed to estimate
the seroprevalence of CSFV antibodies in pigs in Bali, assess potential risk factors associated with
seropositivity, and describe pathological changes in clinically suspected cases confirmed by rRT-PCR.
From September to December 2023, 470 blood samples from pigs with no available vaccination records
were collected across Bali and tested using C-ELISA. In addition, 15 pigs showing CSF signs were
necropsied for pathological and rRT-PCR evaluation. Six were confirmed CSFV-positive. The overall
seroprevalence was 40.8% (192/470, 95% CI: 36.4-45.4). The highest prevalence occurred in Klungkung
regency (65.4%, 17/26). Pigs from urban areas were 1.76 times more likely to be seropositive (OR: 1.76,
95% CI: 1.18-2.64) than those from rural areas. By age, pigs under two years were 1.21 times more likely
to be seropositive (OR: 1.21, 95% CI: 0.65-2.23), while crossbred pigs were 1.27 times more likely (OR: 1.27,
95% CI: 0.85-1.88) compared to purebreds; however, these differences were not statistically significant.
Only location (urban vs. rural) showed a significant association. Pathological changes were observed in
the skin, brain, trachea, lungs, kidney, spleen, and intestines. This study demonstrates a relatively high
seroprevalence of CSFV in Bali. The limited vaccination records suggests minimal vaccine coverage,
indicating that the high seroprevalence most likely reflects natural infection.
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Introduction

Classical swine fever (CSF), also known as
hog cholera, is a highly significant viral disease
affecting pigs, with considerable implications
for animal health and the livestock industry>*”.
Owing to its substantial economic impact, CSF
is classified as a notifiable disease by the World

Organisation for Animal Health®. The causative

agent, classical swine fever virus (CSFV),
belongs to the genus Pestivirus within the family
Flaviviridae®. Members of the Suidae family,
including both domestic (Sus scrofa domestica) and
wild pigs (Sus scrofa scrofa), serve as the natural
reservoir and are the primary hosts of CSFV"".
Antigenically, CSFV is closely related to bovine
viral diarrhea virus and border disease virus”.

Clinical symptoms and pathological changes
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in CSF vary widely. These variations are likely
influenced by viral factors and individual
conditions such as age, immune response, general
health status, and concurrent infections with
other agents”. The clinical form of CSF can be
categorized as follows: acute and chronic”. The
acute form is generally characterized by prolonged
high fever up to 40°C'*?". Clinical signs may
include conjunctivitis, constipation followed by
severe diarrhea, tremors, movement disorders,
and swaying of the hindquarters®. Pathological
features that may be observed include petechiae
on the skin and mucosa, as well as cyanosis of
the abdomen, ears, snout, and medial aspects

15,20)

of the legs . In the chronic form, clinical

manifestations include stunting, anorexia, and
intermittent episodes of diarrhea and high fever'.
Pathological findings may include thymic atrophy
and necrotic or ulcerative lesions known as “button
ulcers” in the ileum and colon®. This pathological
findings considered one of the pathognomonic
changes in CSF*”. Necrotic ulcers can also be
found in the epiglottis and larynx, sometimes
accompanied by secondary bacterial infections”.
CSF causes substantial economic losses
due to its high mortality rate, reduced
growth performance, impaired reproduction,
and restrictions on international trade**?.
Seroprevalence of CSFV has been reported
in various countries. In India, a national
true seroprevalence was reported at 38.29%
(2,253/5,848, 95% CI: 37.03—-39.57)*". In China,
Zhao et al. reported an overall prevalence of
the disease between 2017 and 2021 at 60.40%
(24,456/40,489, 95% CI: 59.92-60.88), with
higher levels observed prior to the outbreak of
African swine fever (ASF)*. In Indonesia, CSF is
designated as a National Strategic Animal Disease
under the Regulation of the Ministry of Agriculture
No. 4026/Kpts/OT.140/04/2013, due to its high
morbidity and mortality rates and substantial
economic repercussions'”. The first suspected
case of CSF in Indonesia was reported in North
Sumatra in early 1995, followed by its spread to
several other provinces including West Sumatra,
Riau, Jakarta, Central Java, West Kalimantan,

North Sulawesi, South Sulawesi, and Bali*®.

There is limited data on the seroprevalence of
CSFV antibodies and the risk factors associated
with seropositivity in pigs in Bali, including their
related information on the pathological changes
experienced by the infected pigs. These data are
important for Bali as it is the province with high
demand for pork, largely driven by traditional and
religious ceremonies in which pigs play a central
role'”. According to data from the Directorate
General of Livestock and Animal Health Services,
Ministry of Agriculture cited by Central Statistics
Agency of Bali Province, the pig population in Bali
reached 517,311", with livestock systems ranging

2

from traditional to semi-modern'”. Despite
ongoing control efforts through vaccination
programs, CSF outbreaks continue to occur
annually with variable incidence'®. Based on
personal communication with authorized animal
health staff in Bali Province, although CSFV
vaccination is available in Bali, it is provided only
upon farmers and/or veterinarian request, and
they are required to report vaccination to local
authorized animal health staff then the staff input
the report into the National Integrated Animal
Health Information System or called iISIKHNAS
(https://isikhnas.pertanian.go.id/). In the practice,
the reporting has remained very limited, suggesting
that vaccination coverage is minimal.

Therefore, the objectives of this study were
to determine the seroprevalence and geographic
distribution of antibodies against CSFV in Bali,
evaluate potential risk factors associated with
seropositivity, including age group, breed, and
region, and describe the pathological changes in
pigs confirmed with CSFV using rRT-PCR.

Materials and Methods

Ethics statement

This proposed research was previously
approved by Research Ethics Committee Udayana
University with approval number B/166a/
UN14.2.9/PT.01.04/2023 before the research
conducted. Informed consent was obtained from all
pig owners prior to sample collection. The farmers
were informed about the objectives of the study
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Fig. 1. Map of regions in Bali Province, Indonesia, indicating the locations where pig blood samples

were collected for the study.

and the procedures involved in blood sampling.
Blood collection of the farmers’ pigs was carried
out only after their voluntary agreement and
consent had been secured.

Sample size

The sample size for this seroprevalence study
was determined using the formula for estimating
prevalence as described by Marami et al. : n =
7Z°P(1 — P)/d?, where n is the required sample
size, Z is the value for 95% confidence interval
(CI) (1.96), P is the estimated prevalence, and d

)'?. Using

is the accepted absolute precision (5%
a 95% CI, an expected disease prevalence (P) of
50% based on a previous study by Tenaya and
Diarmita, and desired absolute precision (d) of 5%,
the minimum required number of samples was

calculated to be 3842,

Sample collection and study area

To improve the accuracy and precision of
the estimated prevalence, the sample size was
increased to 470 samples. Pig blood samples
were collected using a convenience sampling

method. The samples were sourced from pig
farms across eight regencies and one city in Bali
Province, Indonesia (Fig. 1). The urban areas
consist of Denpasar city, Badung regency, and
Gianyar regency, whereas rural areas consist of
Jembrana regency, Buleleng regency, Tabanan
regency, Bangli regency, Klungkung regency,
and Karangasem regency. Sample collection
was conducted September to December 2023
and included pigs aged between 2 months and
5 years. Each pig was properly restrained, and
approximately 2 mL of blood was aseptically
drawn from the jugular vein using spuites 3-5
mL depending on the size of the pig samples.
The collected blood was clotted and the serum
was collected before it was transported and
centrifuged. For analysis, pigs were grouped as
< 2 years (including fattening pigs, approximately
2-23 month, and gilt candidates, approximately
5-8 month) and > 2 years (adult breeding stock,
sows/boars). This classification was intended
to reflect different production stages that may
influence exposure risk, as vaccination records
were not available. In Bali, fattening pigs are often
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kept for more than 1 year for religious ceremonial

purposes.

Serum processing and C-ELISA test

All samples were transported to the Virology
Laboratory, Disease Investigation Center
Denpasar for further processing. In the laboratory,
each of the collected sera were centrifuged at 2,500
rpm for 10 minutes, then aliquoted into sterile
tubes and stored at —20°C until the serological
analysis was performed. Serum samples were
tested for the presence of antibodies against
CSFV using a commercial competitive enzyme-
linked immunosorbent assay (C-ELISA) kit
(VDPro® CSFV Ab, JENO Biotech Inc., South
Korea). The assay was performed according to
the manufacturer’s instructions. Absorbance
was measured using an ELISA plate reader at a
wavelength of 450 nm.

Pathological examination

For the pathological examination, 15 pigs
exhibiting clear CSF clinical symptoms were
selected. Pigs that were sick with clinical signs
suspected to be CSFV infected were subsequently
subjected to necropsy for gross pathological
evaluation. During necropsy, major internal
organs were collected and immediately fixed in
10% neutral buffered formalin for histopathological
analysis. The organs sampled included such as
the brain, trachea, esophagus, lungs, heart, liver,
spleen, kidneys, stomach, and intestines. Fixed
tissues were processed, embedded in paraffin,
sectioned, and stained with hematoxylin and
eosin for microscopic examination. Organs such as
the pharynx, spleen, and lymph nodes were also
collected for rRT-PCR assay.

rRT-PCR Assay

Real time reverse transcriptase (rRT)-
PCR assay was conducted at the Virology
Laboratory, Disease Investigation Center,
Denpasar. Samples of pharynx, spleen, and
lymph nodes were finely chopped, homogenized,
pooled in an Eppendorf tube, and suspended
in PBS. The homogenates were centrifuged to
obtain the supernatant, which was used for

RNA extraction. RNA isolation was performed
using Trizol (Invitrogen, USA) according to the
Standard Operating Procedure of the Disease
Investigation Center, Denpasar. Detection of
CSFV RNA was carried out using TagMan® rRT-
PCR assay targeting the 5" untranslated region
(UTR) of the viral genome (GenBank Accession
No. NC_000294.1). The assay employed the
primers 5-CCCTGGGTGGTCTAAG-3" (Forward)
and 5'-CATGCCCTCGTCCAC-3" (Reverse),
together with a fluorogenic probe 5'-FAM-
CCTGAGTACAGGACAGTCGTCAGTAGTT-
TAMRA-3"*". The positive control reference
material used was a standardized and certified
CSFV provided by Disease Investigation Center.
This positive control was derived from the PK-15
(ATCC CCL-33) cell line, which is permanently
infected with CSFV. Amplification was performed
in a real-time thermocycler under the following
conditions: 45°C for 10 min, 95°C for 10 min,
followed by 45 cycles at 95°C for 15 s and 60°C for
46 s.

Data analysis

The prevalence was calculated based on the
number of serum samples that tested positive
for the antibodies divided by the total number
of serum samples tested. Seroprevalence data
were analyzed and presented descriptively in
tabular form to illustrate the distribution of
CSFV antibodies across different regions. The
seroprevalence in each areas were analyzed,
then the seroprevalence was associated with age
and breed. Data of the prevalence, odds ratio
(OR) with 95% CI, and chi-square (x°) with a two
tailed P value of 0.05 were analyzed using Open-
Source Epidemiologic Statistics for Public Health
(OpenEpi) version 3.01.

For the pathological study, pigs confirmed
positive for CSFV by rRT-PCR were subjected
to gross pathological examination followed by
histopathological evaluation. Histological analysis
of organ samples was conducted using a light
microscope (Olympus, Tokyo, Japan). The findings,
both gross and microscopic pathology, were
described qualitatively in a descriptive manner.
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Fig. 2. Classical swine fever virus (CSFV) seroprevalence based on pig breed and age groups.

Table 1. Seroprevalence of CSFV antibodies in pigs across regions in Bali Province, Indonesia

Region Number of samples Number of positive (%) 95% CI

Urban areas
Denpasar city 20 13 (65%) 35.0-40.8
Badung regency 56 27 (48.2%) 34.7-62.0
Gianyar regency 60 29 (48.3%) 35.2-61.6

Rural areas
Jembrana regency 31 11 (35.5%) 19.2-54.6
Buleleng regency 100 17 (17%) 10.2-25.8
Tabanan regency 61 23 (37.7%) 25.6-51.0
Bangli regency 45 20 (44.4%) 29.6-60.0
Klungkung regency 26 17 (65.4%) 34.6-44.3
Karangasem regency 71 35(49.3%) 37.2-61.4
Total 470 192 (40.8%) 36.4-45.4

Note. CI = Confidence Interval

Results

Out of the 470 serum samples collected,
192 tested seropositive for CSFV, resulting in
an overall seroprevalence of 40.8%. Based on
geographic distribution, the highest seropositivity
rates were observed in the Klungkung regency,
then followed by Denpasar city, Karangasem
regency, Gianyar regency, Badung regency, Bangli
regency, Tabanan regency, Jembrana regency, and
Buleleng regency (Table 1).

In terms of age, younger pigs (< 2 years)
showed a higher percentage of seropositivity
against CSFV (174/421, 95% CI: 36.6-46.2)

compared to older pigs (> 2 years, 18/49, 95
CI: 23.4-51.7). Based on pig breed, the highest
seropositivity was recorded in Saddleback (9/9,
95% CI: 66.4-100), followed by Landrace (101/179,
95% CI: 48.8-63.8), crossbred (69/147, 95% CI.:
38.7-55.3), and Duroc pigs (12/32, 95% CI: 21.1—
56.3), while no seropositive cases were found in
local pig breeds (0/77) (Fig. 2).

In comparison, pigs from urban areas were
1.76 times more likely to be seropositive (OR:
1.76, 95% CI: 1.18-2.64, P < 0.05) compared to
the pigs from rural area. A significant difference
was observed in the seroprevalence against CSFV
between pigs sampled from urban compared to



77 CSF seroprevalence and pathology in Bali

Fig. 3. Gross and histopathological lesions in pigs showing clinical signs of classical
swine fever (CSF) and confirmed positive for classical swine fever virus (CSFV) by
rRT-PCR. (a) Subcutaneous ecchymotic hemorrhage in the ears. (b) Subcutaneous
ecchymotic hemorrhage in the medial aspect of the caudal extremities. (c) Hemorrhagic
pneumonia (d) Splenomegaly marked with blunt edges, with a dark area indicative of
infarction. (e) Multifocal ulceration and hemorrhage in the gastric mucosa (f) Button
ulcers on the surface of the colon. (g) Mild inflammation in small blood vessels (white
arrow), proliferation of glial cells (arrowhead), and microgliosis (black arrow) in brain.
(h) Necrotic lymphoid follicle (arrow) and perifollicular hemorrhage (arrowhead)
observed in spleen. (i) Intertubular hemorrhage in the kidney medulla (arrow).

(Hematoxylin & Eosin, 400x).

rural areas (P < 0.05). The pigs with age less
than two years were 1.21 times more likely to be
seropositive (OR: 1.21, 95% CI: 0.65-2.23, P > 0.05)
compared to pigs with age equal to or more than
two years. Meanwhile, the crossbred pigs were 1.27
times more likely to be seropositive (OR: 1.27, 95%
CI: 0.85-1.88, P > 0.05) compared to the purebred
pigs. No significant difference was noted in the
seroprevalence against CSFV between either age
or breed (P > 0.05).

Out of 15 cases, six pigs exhibiting clinical
signs of CSF without vaccination history against
CSFV were confirmed positive for CSFV by
rRT-PCR. The pigs age between 2-8 months,
retrieved from Badung, Gianyar, Tabanan, and
Karangasem regency. Listed from the most
frequent, clinical signs were anorexia, high fever
(> 40°C), subcutaneous ecchymotic hemorrhage in
ear (Fig. 3a), medial aspect of caudal extremities
(Fig. 3b), abdominal area, and snout, diarrhea,

and neurological symptoms'>'®*” (Table 2). All
confirmed cases underwent necropsy and were
examined for both gross and histopathological
changes. Gross and histopathological images were
presented in Figure 3.

Gross pathological findings revealed lesions
in the brain, trachea, lungs, kidney, spleen, and
intestinal tract. These organs were swollen and
dark-red colored, indicating inflammation and
hemorrhage. The brain appeared swollen and
congested, while the tracheal mucosa showed
evidence of hemorrhage. The lungs also appeared
swollen, reddish in color, indicate hemorrhagic
pneumonia (Fig. 3c¢). Hemorrhage in renal
medulla was observed. Spleen was enlarged, along
with darker area, indicative of infarction (Fig.
3d). Hemorrhagic and ulcer were observed on
the mucosal surface of stomach (Fig. 3e). On the
mucosal surface of colon, several ulcerations were
found (Fig. 3f). Esophagus and liver appeared
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Table 2. Clinical signs and pigs age that were confirmed positive for CSFV by rRT-PCR

No. Origin Age (month) Clinical signs
Anorexia, high fever, subcutanoues ecchymotic hemorrhage in the ear, abdominal area, and

1. Badung regency 3 .\
snout, arthritis

2. Gianyar regency 8 Anorexia, lethargy, yellowish diarrhea, show neurological signs

5 Tabanan regency 5 Anorexlia'l, lethargy, high fever, subcutaneous ecchymotic hemorrhage in medial aspect of caudal
extremities
Anorexia, lethargy, high fever, unable to stand, subcutaneous ecchymotic hemorrhage in ear and

4. Tabanan regency 25 . - . . .
medial aspect of caudal extremities, petechial hemorrhage in the abdominal area

5. Karangasem regency 4 Anorexia, diarrhea, subcutaneous ecchymotic hemorrhage in abdominal area
Anorexia, high fever, subcutaneous ecchymotic hemorrhage in ear and media aspect of caudal

6. Karangasem regency 6 "
extremities

unremarkable. vaccination program is implemented only upon

Histopathological examination of the brain
revealed congestion, glial cells proliferation,
microgliosis, and mild inflammation in the small
blood vessels (Fig. 3g). In the trachea, mucosal
erosion was observed, and the submucosal tissue
infiltrated by inflammatory cells along with
hemorrhage. The alveoli filled with eosinophilic
exudate, and the septa was thickened, infiltrated
by alveolar macrophages and also appears
congested. The infarct area of the spleen showed
extensive white pulp necrosis, along with
perifollicular hemorrhage (Fig. 3h). Depletion of
white pulp also observed. Intertubular hemorrhage
was observed in the kidney, particularly in the
medulla part (Fig. 3i). The stomach appeared
having epithelial desquamation, mucosal erosion
and also ulceration in some part, along with
mononuclear inflammatory cells infiltration.
Several necrotic debris were observed in the
colonic lumina. The villus appeared collapse, and
the desquamation of enterocytes were observed.
Lamina propria was dominantly infiltrated by
lymphocytes and also macrophages. Esophagus
appeared unremarkable, while liver, sinusoids and
several blood vessels were congested.

Discussion

The CSFV seroprevalence in this study was
40.8%. Vaccination status of the sampled pigs was
not recorded, and the c-ELISA cannot differentiate
antibodies from natural infection or vaccination.
However, as previously mentioned, in Bali the

farmer request and requires reporting through the
1ISIKHNAS, where reports remain minimal. This
indicates that vaccination coverage is very limited,
and the high seroprevalence observed here is
therefore most likely attributable to natural CSFV
infection rather than vaccination.

Another contributing factor may be the
level of virulence of the circulating virus strain,
since highly virulent strains can stimulate a
stronger immune response and result in higher
antibody titers which may be more potentially
detected by the diagnostic kits*. Additionally,
Laksmi et al. reported 313 clinical CSF cases in
2012 across eight regencies and one city in Bali,
with 66 resulting in death, further highlighting
the presence of the disease in the region'?.
Nevertheless, until today, to the best author’s
knowledge, there is no report of molecular study of
current circulating strain of CSFV in Bali.

Klungkung regency had the highest
seroprevalence recorded in this study, which may
be attributed to its status as one of the major
pig farming areas in Bali and where the pig
population has continued to grow annually. Most
farmers in this region still rely on semi-intensive
or traditional management systems, which often
lack the infrastructure needed to separate adult
pigs from young pigs. This condition increases the
likelihood of transmission from sow to offspring.
Furthermore, young pigs are more vulnerable
to CSFV infection due to their still-developing
immune systems'®. In this study, pigs from
urban areas were 1.76 times more likely to be
seropositive compared to those from rural areas.
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Although farmers in urban areas in Bali are
generally more aware of biosecurity measures'”,
the higher seropositivity observed might be
related to the higher density of pigs, more frequent
introduction of animals, and stronger connection
to commercial trading chains in urban settings.
These factors could facilitate viral transmission
despite better hygiene practices. However, this
needs to be further investigated in future studies.

Based on age group, the seroprevalence was
higher in younger pigs under two years compared
to older pig equal to or over two years of age.
However, there is no significant difference between
them. Sawford et al. found higher seroprevalence
rates in older pigs, likely due to longer periods
of exposure and accumulated immune responses
over time®?®. The higher rate in younger pigs in
this study may be related to maternally derived
antibodies in piglets, or it is also possibly caused
by recent field exposure as their immune system is
still developing.

Based on breed, Saddleback pigs had the
highest seroprevalence rate at 100% (9/9). The
crossbred 1.27 times more likely to be seropositive
to the virus than purebred. However, there is
no significant difference of the seroprevalence
against CSFV between crossbred and purebred.
A study confirms that there is no clear evidence
that pig breed plays a role in susceptibility to
CSFV infection. Petrov et al. reported that various
breeds, including Landrace, hybrids, and wild
boars, were equally susceptible to infection®”.
Although clinical manifestations varied, the virus
was detected in similar quantities across breeds,
and most infected pigs developed acute disease.

Pathological findings of CSF depend on the
course of the viral infection and the virulence.
In acute infections, pathological findings include
generalized lymphadenomegaly and petechial
hemorrhage on serosal and mucosal surfaces of
organs such as the lungs, kidneys, intestines,
and bladder. Lesions in the lymphoreticular
system, including splenic infarction and non-
suppurative encephalitis, may also occur®”. In
chronic cases, typical lesions include thymic
atrophy, lymphoid depletion, intestinal necrosis,
and ulceration”. In this study, several lesions

were observed, including hemorrhage and
multiorgan inflammation affecting the trachea,
lungs, stomach, kidney, intestines, and spleen,
with infiltrated inflammatory cells predominantly
composed of the mononuclear cells. Glial cells
proliferation and microgliosis were also detected
in the brain, along with mild inflammation in the
small blood vessels, suggesting injury response
likely associated with the infection.

The limitations of this study include the lack
of detailed records on individual pig status, as
previously mentioned, such as vaccination history
and information on specific farm conditions, such
as management systems, biosecurity practices,
and other relevant factors. In conclusion, in spite
of the vaccination status against CSFV, this
study revealed a relatively high seroprevalence
of CSFV in pigs in Bali. A significant difference
was observed in the seroprevalence against
CSFV between pigs in urban and rural areas.
However, no significant difference was found
between seropositivity either their age or breed.
We also successfully described the pathological
changes of CSF in pigs that were positive for
CSFV by rRT-PCR. Further research is needed
to investigate the putative risk factors associated
with CSFV seropositivity. Potential risk factors
variables to explore in future studies include
geographical location, farmer’s knowledge about
the disease, hygiene and biosecurity practices,
the presence of other livestock species, and the
molecular characteristics of circulating virus
strains. Given the absence of reliable vaccination
records, we recommend that local authorities
strengthen the monitoring and documentation
of CSFV vaccination through iSIKHNAS or
other ways. Such efforts would enable more
accurate evaluation of vaccination coverage and
facilitate future epidemiological studies on disease
prevalence and control effectiveness.
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