
65

Acta Vet Eurasia 2024; 50(1): 65-76

Corresponding Author: Siti Zubaidah RAMANOON • E-mail: sramanoon@upm.edu.my

Received: July 20, 2023 • Revision Requested: September 21, 2023 • Last Revision Received: November 27, 2023 • Accepted: November 30, 2023 • 
 Available Online Date: January 18, 2024 • DOI: 10.5152/actavet.2024.23045

Environmental and Biosecurity-Related Risk Factors for African 
Swine Fever Outbreaks in Peninsular Malaysia
Pravina Vathi RAMACHANDEREN1,2 , Siti Zubaidah RAMANOON1 , Norhariani MOHD NOR3

1Department of Farm and Exotic Animal Medicine and Surgery, Universiti Putra Malaysia Faculty of Veterinary Medicine, Serdang, Selangor, Malaysia
2Department of Veterinary Services Malaysia, Putrajaya, Malaysia
3Department of Veterinary Preclinical Sciences, Universiti Putra Malaysia Faculty of Veterinary Medicine, Serdang, Malaysia.

Cite this article as: Ramachanderen, P.V., Ramanoon, S.Z., & Mohd Nor, N. (2024). Environmental and biosecurity-related risk factors for African swine fever outbreaks in 
Peninsular Malaysia. Acta Veterinaria Eurasia, 50(1), 65-76.

Abstract

Introduction

African swine fever virus (ASFV), the causative agent of African 
swine fever (ASF) disease, is a large, double-stranded DNA virus in 
the Asfarviridae family. The virus causes hemorrhagic fever with high 
mortality rates, almost up to 100% in domestic pigs (Salguero, 2020). 
Currently, there is no efficient commercial vaccination against ASF. 
In order to stop the spread of the disease, the disease control plan 
primarily focuses on limiting animal movement, improving border 
control, preventing interaction between domestic and wild boar 
populations, improving sanitation and hygiene, and culling infected 
animals (Costard et al., 2009). The disease has a major impact on pig 
health and production and also poses a threat to the global pig and 
pork trade industry and food security (Nielsen et al., 2019). The rapid 
spread of ASF in the recent years since its introduction to Georgia in 
2007 (Rowlands et  al., 2008) has alarmed the industry players and 
the veterinary services for a constructive approach for prevention 
and control of the disease (Beaunée et al., 2023).

Malaysia heightened its biosecurity and imposed several preventive 
measures when ASF was detected in Northeast China at the Liaoning 
Province in August 2018. Several important measures to prevent the 
entry of ASF into Malaysia were implemented, including restrictions 
on pig and pork products from ASFV-infected countries and restric-
tions on the hand-carry or luggage carry of pork and pork products 
for own consumption (Salwahanim & Nazri, 2020). Department of 

Veterinary Services, Malaysia (DVS) also carried out clinical and sero-
logical surveillance for early detection of ASF, conducted risk com-
munication and public awareness programs to share updates and 
information on ASF, and collaborated with relevant agencies such as 
the Malaysian Quarantine and Inspection Services Department and 
waste management operating companies at the entry ports through-
out the country to heighten the border control inspection and proper 
waste management to curb the spread of the ASFV. Further to that, 
DVS also carried out an ASF outbreak simulation exercise to test 
Malaysia’s readiness with important agencies such as the National 
Disaster Management Agencies, Malaysian Armed Forces, Malaysia 
Civil Défense Department, Royal Malaysia Police, and the Fire and 
Rescue Department of Malaysia (Salwahanim & Nazri, 2020).

Despite several efforts, the genotype II ASFV strain made its way 
into Malaysia and was detected for the first time in East Malaysia 
from organ samples of backyard domestic pigs in the state of 
Sabah in 2021; subsequently, the virus was also detected among 
domestic pigs in Sarawak (WOAH 2022; Khoo et al., 2021). The back-
yard domestic pig’s organ samples were tested at the Veterinary 
Research Institute using the real-time polymerase chain reaction 
(RT-PCR) method. Phylogenetic analysis revealed that the 3 ASFV 
strains detected in the organ samples from Sabah belonged to p72 
genotype II. And the partial analysis on the p72 showed that the 3 
Sabah strains were 100% identical to each other and to ASFV strains 
from Indonesia, Vietnam, and China (Khoo et al., 2021; WOAH, 2022).
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As African swine fever is a serious threat to the pig industry in Malaysia, 
scientifically analyzed information on the disease is vital for better cont-
rol of the disease. The present study was conducted to determine the 
environmental and biosecurity-related risk factors for African swine 
fever outbreaks among domestic pig farms in Peninsular Malaysia. Data 
collected through a face-to-face interview with the pig farmers using a 
structured, close-ended questionnaire were analyzed using univariate 
and multivariate logistic regression. The final logistic regression model 
identified (1) presence of wild birds in the pig pens area (OR = 0.08; 
95% CI, 0.01–0.74; p = .03), (2) presence of attractive crops/fruit trees 
surrounding the farm (OR = 4.00; 95% CI = 1.25–12.82; p = 0.02), (3) sha-
ring of workers with other farms (OR = 6.11, 95% CI, 1.46–25.61; p = .01), 

(4) entry of visitor’s vehicle into farm (OR = 0.14; 95% CI, 0.02–1.00; 
p = .05), (5) entry of feed truck into farm (OR = 5.45; 95% CI, 1.03–28.92; 
p = .04), (6) presence of biting insects such as flies, mosquitoes on pig’s 
body which irritates the pigs (OR = 0.21; 95% CI, 0.06–0.80; p = .02), 
and (7) farm prone to rodent access and infestation (OR = 0.15; 95% CI, 
0.03–0.79; p = .03) as the significant risk factors for African swine fever 
outbreaks in the studied farms. These findings highlight the need to 
strengthen on-farm biosecurity practices, farm management practices, 
and strict control of vehicle movement into the farm to prevent African 
swine fear outbreaks in the future.
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In Peninsular Malaysia, the first case of ASF was detected in 
December 2021 among dead wild boar carcasses in the Batang 
Padang district, in the state of Perak. Following that, several ASFV 
cases were reported among wild boar carcasses found in the forest, 
natural parks, and oil palm plantations in the states of Melaka, Perak, 
Penang, Johor, Pahang, Terengganu, and Kelantan. In the state of 
Negeri Sembilan, ASFV was detected in a decayed carcass of a wild 
boar in a farm (WAHIS, 2023). Melaka was the first state to record 
ASF outbreaks among domestic pigs in December 2021, followed by 
Perak in March 2021 (WAHIS, 2023). The ASF outbreak in domestic 
pigs affected approximately 40,000 pigs in Melaka and 8488 pigs 
in Perak (Bernama, 2023). Even though the exact value of the eco-
nomic losses is not published, it can be estimated that the outbreaks 
would have and may further cause significant financial impacts to 
the pig production industry if the spread of ASFV is not controlled, as 
the ex-farm value of pork in 2021 is approximately 3,459.12 million 
(DVS, 2022).

The key control measures applied by DVS to manage the ongoing 
outbreaks and prevent further spread of viruses include stamp-
ing out infected animals and susceptible animals surrounding the 
outbreak area, disinfection of the infected farms, live pig and pork 
product movement control into the country and within the country, 
and increased border inspection to prevent entry of pork products 
(WAHIS, 2023). For early detection of ASFV, surveillance is conducted 
throughout the country (WAHIS, 2023). The surveillance activities 
include the search and testing of dead wild boar carcasses; ante-
mortem and post-mortem examinations during slaughter and 
screening of samples from slaughterhouses; and clinical surveillance 
in all the pig farms throughout the country (WAHIS, 2023). Further to 
that, the farmers were also advised to improve the biosecurity level 
of their farms (WAHIS, 2023).

An epidemiological investigation report by the authority in East 
Malaysia and Peninsular Malaysia hypothesized environmental 
contamination by wild boars, poor biosecurity practices, and live 
pig and pork product movements as the sources of ASFV transmis-
sion (WAHIS, 2023). To date, there is no published literature on the 
details of the epidemiology and risk factors of ASF in Malaysia. The 
only recent publication related to ASF in Malaysia is on the isolation 
and characterization of ASFV in pig organ samples from the state of 
Sabah in East Malaysia (Khoo et al., 2021).

Swill feeding, interaction with wild boar, and indirect transmis-
sion by individuals coming into contact with infected farms or 
using fresh grass or crops as feed were identified as the most likely 
modes of transmission to domestic farms in Lativia (Oļševskis et al., 
2016). Another matched case-control study carried out in Romania 
revealed that the prevalence of wild boars and the close proximity 
of the farm to infected wild boars were important risk factors for ASF 
outbreaks in commercial and small-scale pig farms (Boklund et al., 
2020). Meanwhile, among Asian countries, farm density and proxim-
ity, poor biosecurity practices, swill feeding practices, the movement 
of vehicles, and live pig transportation were regarded as important 
risks for the spread of ASF (Cheng & Ward, 2022; Thi et al., 2022).

As the risk factors for ASF incursion and spread differ substan-
tially between countries and regions based on farm demographic, 
sociodemographic, human practices, and environmental factors 
(Bellini et  al., 2021), it warrants a need for a study to identify the 

possible risk factors associated with the ASF outbreaks in Malaysia in 
spite of the hypothesized risk factors.

The aim of this study is to identify the possible environmental and 
biosecurity-related risk factors associated with the ASF outbreak 
among pig farms in Peninsular Malaysia. The findings of this analy-
sis may provide enhanced insight to the Department X and the pig 
industry stakeholders on the exact risk factors associated with ASF 
transmission and spread into domestic pig farms.

Materials and Methods

Study Site and Selection of Farm
To determine the environmental and biosecurity-related risk 
factors associated with the ASF outbreak among pig farms in 
Peninsular Malaysia, a case–control study was conducted between 
August 2022 and October 2022. The states of Melaka and Perak in 
Peninsular Malaysia were selected as points of study for ASF out-
break that occurred only in these two states. The state of Melaka 
is located in the southern region of Peninsular Malaysia, facing the 
Strait of Malacca,while the state of Perak is located on the west 
coast of Peninsular Malaysia, as shown in (Figure 1.) Thirty farms in 
the state of Melaka and five farms in the state of Perak experienced 
ASF outbreaks between December 2021 and February 2022. All the 
outbreaks were caused by the ASFV genotype 2 strain, which was 
confirmed through the real-time polymerase chain reaction (RT-PCR) 
method (WAHIS, 2023).

The list of pig farms and records of ASF outbreaks in both states 
were obtained from Department of Veterinary Services, Malaysia. 
Based on the list, a total of 70 farms (cases N = 35, control N = 35) 
were included in this study. All 35 ASF-positive farms in the states of 
Melaka (n = 30 farms) and Perak (n = 5 farms) were selected as case 
farms. For each of the case farms, a control farm that is free from ASF 
outbreaks was selected from both states. The case and control farms 
were matched by farm type, farm system, breeding method, and 
vaccination status for Aujeszky’s disease (AD), porcine reproductive 
and respiratory syndrome (PRRS), porcine circovirus type 2 (PCV2), 
classical swine fever (CSF), and foot-and-mouth disease (FMD). The 
standing pig population (SPP) is below 2000 heads in 29 case farms. 
Meanwhile, another six case farms have SPP between 2000 and 
10,000 heads. All the studied farms are porker farm, which use arti-
ficial insemination breeding methods and operate within an open-
house system. The mortality rate in all the case farms is above 50%, 
and following confirmation for ASF through clinical signs and the 
RT-PCR method, the remaining pigs were 100% culled.

Data Collection

Field Data Collection and Components of the Questionnaire
Data were collected from August to October 2022 through a face-
to-face meet-up session with 70 pig farmers who are the owners of 
the farms included in this study (cases N = 35, control N = 35) using a 
structured, close-ended questionnaire. The questionnaire was devel-
oped based on Department of Veterinary Services, Malaysia’s exist-
ing ASF clinical surveillance form, with additional questions on the 
potential risk factors associated with ASF transmission as reported in 
previous studies by de la Torre et al. (2022) and Boklund et al. (2020). 
Prior to the administration of the questionnaire, the farmers were 
met in groups, and the purpose of the questionnaire was discussed. 
Each farmer was then requested to fill in the questionnaire without 
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interference to avoid personal biases. Assistance was provided to 
the farmers when needed, for example, when they needed help in 
understanding the meaning of the questions. All procedures were 
explained to the farmers, and informed verbal consent was obtained 
from all the participating farmers prior to the administration of the 
questionnaire.

The questionnaire consisted of two parts, whereby part 1 contained 
information on farm demography and part 2 contained information 
on the potential risk factors associated with ASF transmission. Part 
2 was divided into four sections: Section A: information on access 
to wild boar/wild animals, and wild birds; Section B: biosecurity 
practices; Section C: control of visitors and vehicle movement into 
farm; and Section D: presence and control of ticks, biting insects, and 
rodents. All the questions in Part 2 (Sections A–D) are dichotomous 
questions that require “yes” or “no” answers.

Statistical Analysis
Descriptive statistics were generated for the study farms in relation 
to the location of the farm (state), SPP of the farm, type of farm, farm 
system, breeding method, and vaccination program in farm.

Each of the potential risk factors listed in the questionnaire was 
coded as a dichotomous independent variable. The “yes” answers 
were regarded as 1 while the “no” answers were regarded as 0. The 
ASF status of the farm was regarded as the dependent variable and 
modeled as the function for the dichotomous risk factors using a 
logistic regression model as suggested by Hosmer and Lemeshow 
(2000). The risk factors associated with the ASF status of the farms 
were initially examined with univariable logistic regression. Variables 
associated with positive ASF status at p < .1 were included in the 
following multivariable logistic regression models. Variables signifi-
cant in the univariable analysis were tested for collinearity using the 
variance inflation factor (VIF). Four multivariable conditional logistic 
regression models were developed using the backward (conditional) 
procedure with a selection threshold of p ≤ .05 to reduce the num-
ber of variables in the model. The 4 multivariable models developed 
are for: [A] access to wild boar, wild animals, and wild birds; [B] bios-
ecurity practices; [C] control of visitors and vehicle movement into 
the farm; and [D] presence and control of ticks, biting insects, and 

rodent. The overall fit of the final models was assessed using the 
Hosmer–Lemeshow goodness-of-fit test. The ability of the model 
to discriminate between ASF-positive and ASF-negative farm was 
assessed using the receiver operating characteristic (ROC) curve. 
Area under the curve (AUC) value between 0.7 and 0.8 was regarded 
as acceptable discrimination (Hosmer and Lemeshow, 2000). In the 
final models, the ORs, p-values, and 95% CI were reported to dem-
onstrate the significance and strength of the association between 
ASF farm status and the studied risk factors. All statistical analyses 
were conducted with Statistical Package for Social Sciences Statistics 
software, version 26.

Results

Descriptive Statistics
A total of 70 farmers from the selected farms were included in this 
study at the following distributions: 35 case farms and 35 control 
farms, with the distribution of farms in the states of Melaka (30 case 
farms, 5 control farms) and Perak (5 case farms, 30 control farms). 
The response rate is 100%; all 70 farmers agreed to participate and 
responded to the questionnaire.

The descriptive summary of case and control farm demography 
characteristic are as shown in Table 1.

Risk Factors

Logistic Regression Model for Risk Factors Associated with Access 
of Wild Boar, Wild Animals and Wild Birds to the Farm with the ASF 
Status of the Farms
Table 2 presents the findings from the univariate logistic regression 
analysis. The risk factors related to access of wild boar, wild animals, 
and wild birds to the farm that were found to be significantly associ-
ated with the ASF status of the farm (p-value < .1) were the presence 
of wild boar roaming near the farm; presence of wild birds in the pig 
pens area; fencing surrounding the farm able to prevent entry of 
wild boar/wild animals into farm workers involved in or contact with 
wild animals/birds hunting activities.

The final multivariate conditional logistic regression model as shown 
in Table 3 identified that the risk factor ‘presence of wild birds in the 

Figure 1.
Map Showing the Location of the State of Perak and Melaka in Peninsular Malaysia.
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pig pens area’ (OR = 0.08; 95% CI, 0.01–0.74; p = .03) most likely influ-
ences the occurrence of ASF in the pig farms.

The Hosmer–Lemeshow goodness of fit test showed that the model 
fit the data well (χ2 = 0.199, df 3, p = .978). The VIF value for the inde-
pendent variables showed no important collinearities. The accuracy 
of the final model was assessed by the ROC method and showed 
good ability to distinguish between the ASF-positive farm and the 
ASF-negative farm with the AUC of 0.712 (Figure 2).

Logistic Regression Model for Risk Factors Associated with 
Biosecurity Practices in the Farm with the ASF Status of the Farms
Table 4 presents the findings from the univariate logistic regression 
analysis. The risk factors related to biosecurity practices on the farm 
that were found to be significantly associated with the ASF status of 
the farm (p < .1) were: the water used as drinking water for pigs is 
treated; the presence of attractive crops/fruit trees surrounding the 
farm; sharing of workers with other farms. The final multivariate con-
ditional logistic regression model as shown in Table 5 identified that 
the risk factors “presence of attractive crops/fruit trees surrounding 
the farm” (OR = 4.00; 95% CI, 1.25–12.82; p = .02) and “sharing of 
workers with other farms” (OR = 6.11, 95% CI = 1.46–25.61; p = .01) 
most likely influence the occurrence of ASF in the pig farms. The 
Hosmer–Lemeshow goodness of fit test showed that the model fit 
the data well (χ2 = 0.02, df 1, p = .886). The VIF value for the indepen-
dent variables showed no important collinearities. The accuracy of 
the final model was assessed by ROC method and showed good 
ability to distinguish between the ASF-positive farm and the ASF-
negative farm with the AUC of 0.703 (Figure 3).

Table 1.
Case and Control Farm Demography Characteristics

Variable Cases (n) Controls (n)

State

 Melaka 30 5

 Perak 5 30

SPP (number of heads)

 <2000 29 29

 >2000 6 6

Farm type

 Porker 35 35

Farm system

 Open 35 35

Breeding method

 Artificial insemination 35 35

Vaccination status

 AD, PRRS, PCV2, CSF, and FMD 35 35

Note: Case and control farms were matched by farm type, farm system, 
breeding method, and vaccination status for AD, PRRS, PCV2, CSF, and 
FMD.
AD = Aujeszky's disease; CSF = Classical swine fever; FMD = Foot-and-mouth 
disease; PCV2 = Porcine circovirus type 2; PRRS = Porcine reproductive and 
respiratory syndrome; SPP, standing pig population.

Table 2.
Univariate Logistic Regression Analysis of Risk Factors Related to Access of Wild Boar, Wild Animals and Wild Birds to the Farm with the African Swine Fever Status of 
the Farms

Variable/factors Category Cases (n) Controls (n) OR 95% CI p

A1. Seen wild boar roaming near farm Yes 5 13 3.54 1.10–11.41 .03*

No 30 22 Ref - -

A2. Found wild boar body or remains in the vicinity of farm Yes 4 7 1.94 0.51–7.33 .33

No 31 28 Ref - -

A3. Seen wild animals roaming near farm Yes 7 8 1.19 0.38–3.72 .77

No 28 27 Ref - -

A4. Seen wild birds in pig pens area Yes 8 1 0.09 0.01–0.84 .03*

No 27 34 Ref - -

A5. Fencing in the farm able to prevent entry of wild birds 
into pig pens area

Yes 2 4 2.13 0.36–12.46 .40

No 33 31 Ref - -

A6. Fencing surrounding farm able to prevent entry of wild 
boar/wild animals into farm

Yes 28 33 4.12 0.79–21.48 .09*

No 7 2 Ref - -

A7. Worker involved or contact with wild boar hunting 
activities

Yes 3 4 1.38 0.29–6.66 .69

No 32 31 Ref - -

A8. Worker involved or contact with wild animals/birds 
hunting activities

Yes 7 1 0.12 0.01–1.01 .05*

No 28 34 Ref - -

Note: CI = Confidence interval; OR = Odds ratio; Ref = Reference. 
*Statistically significant.
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Logistic Regression Model for Risk Factors Associated with Visitors 
and Vehicles Movement into the Farm with the ASF Status of 
the Farms
Table 6 presents the findings from the univariate logistic regression 
analysis. The risk factors related to visitors and vehicle movement 
into the farm that were found to be significantly associated with the 
ASF status of the farm (p < .1) were: entry of visitors who have visited 
other farms on the same day; visitors required to wear disposable 
protective clothes when entering the farm; entry of visitors’ vehicles 
into farm; and entry of feed trucks into the farm.

The final multivariate conditional logistic regression model as shown 
in Table 7 identified that the risk factors “entry of visitor’s vehicle 
into farm” (OR = 0.14; 95% CI, 0.02–1.00; p = .05) and “entry of feed 
truck into farm” (OR = 5.45; 95% CI, 1.03–28.92; p = .04) most likely 
influence the occurrence of ASF in the pig farms. The Hosmer–
Lemeshow goodness of fit test showed that the model fit the data 
well (χ2 = 0.609, df 3, p = .894). The VIF value for the independent vari-
ables showed no important collinearities. The accuracy of the final 
model was assessed by the ROC method and showed good ability to 
distinguish between the ASF-positive farm and ASF-negative farm 
with the AUC of 0.715 (Figure 4).

Logistic Regression Model for Risk Factors Associated with 
Presence and Control of Ticks, Biting Insects, and Rodents in the 
Farm with the ASF Status of the Farms
Table 8 presents the findings from the univariate logistic regres-
sion analysis. The risk factors related to the presence and control 
of ticks, biting insects, and rodents in the farm that were found to 
be significantly associated with the ASF status of the farm (p < .1) 
were the presence of biting insects such as flies and mosquitoes 
on the pig’s body, which to the extent irritates the pigs; insecti-
cides sprayed routinely at the farm; and the farm prone to rodent 
access and infestation. The final multivariate conditional logistic 
regression model, as shown in Table 9, identified that the risk fac-
tors “presence of biting insects such as flies and mosquitoes on 
pig’s body, which to the extent irritates the pigs” (OR = 0.21; 95% 
CI, 0.06–0.80; p = .02) and “farm prone to rodent access and infesta-
tion” (OR = 0.15; 95% CI, 0.03–0.79; p = .03) most likely influence the 
occurrence of ASF in the pig farms. The Hosmer–Lemeshow good-
ness of fit test showed that the model fit the data well (χ2 = 0.163, 
df 2, p = .922). The VIF value for the independent variables showed 
no important collinearities. The accuracy of the final model was 
assessed by the ROC method and showed good ability to distin-
guish between the ASF-positive farm and the ASF-negative farm 
with the AUC of 0.700 (Figure 5).

Discussion

This study identified the farm-level risk factors related to environ-
mental and biosecurity practices associated with ASF outbreaks 
among pig farms in Peninsular Malaysia. The significant risk factors 
identified were (1) presence of wild birds in pig pens area, (2) pres-
ence of attractive crops/fruit trees surrounding the farm, (3) sharing 
of workers with other farms, (4) entry of visitor’s vehicle into farm, (5) 
entry of feed truck into farm, (6) presence of biting insects such as 
flies, mosquitoes on pig’s body which to the extent irritates the pigs; 
and7 farm prone to rodent access and infestation.

As evidenced in the study by Fasina et  al. (2012), which indicated 
that direct and indirect contact with wild birds and rats is the risk 
factor contributing to ASF infection at the farm level in Nigeria, this 
study identified the presence of wild birds in the pig pen area and 
farms prone to rodent access and infestation as the factors signifi-
cantly associated with ASF outbreaks in the pig farms. As most of 
the pig farms in Peninsular Malaysia adopt an open house system, 
it is apt to give importance on the access of wild birds, especially 
scavenging birds, into the pig pen area of the farm, which may cause 
contamination of the pig feeds with ASF-infected materials. This is 
because the study by Probst et al. (2019) evidenced that there is a 
high probability of ASF-infected materials being transferred into 
farms from ASF-infected wild boars’ carcasses from nearby forests 

Table 3.
Multivariate Conditional Logistic Regression Analysis of Risk Factors Related to 
Access of Wild Boar, Wild Animals, and Wild Birds to the Farm with the African 
Swine Fever Status of the Farms

Variable/factors Category OR 95% CI p

A4. Seen wild birds in pig pens 
area

Yes 0.08 0.01–0.74 .03*

No Ref - -

A6. Fencing surrounding farm 
able to prevent entry of wild 
boar/wild animals into farm

Yes 4.10 0.72–23.40 .11

No Ref - -

A8. Worker involved or contact 
with wild animals/birds hunting 
activities

Yes 0.12 0.01–1.06 .06

No Ref - -

Note: CI = Confidence interval; OR = Odds ratio; Ref = Reference.
*Statistically significant.

Figure 2.
Predicted Probabilities of Final Model Based on the Receiver 
Operating Characteristic (ROC) Method (the Area Under the Curve 
(AUC) = 0.712).
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or from other domestic pig farms by the scavenging birds as the 
research on scavenging activities on wild boar carcasses on its natu-
ral habitat in Germany detected several species of birds, such as the 
common raven, common buzzard, white-tailed eagle, and hooded 
crow scavenging on wild boar carcasses. Several studies have proved 
that the introduction of ASFV into pigs raised in closed or confined 
environments was preventable during ASF outbreaks (Aliro et  al., 

2022; Barnes et  al., 2020; Bisimwa et  al., 2021; Brown et  al., 2018). 
Thus, to manage the ASF transmission risk, the adoption of closed 
pig houses under the modern pig farming system is vital to minimize 
the risk of ASFV-infected material entering the farms.

Meanwhile, even though the majority of the farms in this study 
have rodent control programs applied in their farms, the factor of 

Table 4.
Univariable Logistic Regression Analysis of Risk Factors Related to Biosecurity Practices in the Farm with the African Swine Fever Status of the Farms

Variable/factors Category Cases (n) Controls (n) OR 95% CI p

B1. Use only commercial feed Yes 31 30 0.77 0.19–3.16 .72

No 4 5 Ref - -

B2. Use only commercially bought ingredients for self-milled feed Yes 35 35 1.00 0.00 1.00

No 0 0 NA - -

B3. Never used or mixed kitchen waste or catering waste in feed Yes 35 35 1.00 0.00 1.00

No 0 0 NA - -

B4. Water used as drinking water for pigs are treated Yes 4 11 3.55 1.02–12.55 .04*

No 31 24 Ref - -

B5. Vehicle dip/spray at the farm entrance is functional at all times Yes 34 35 1.00 0.00 1.00

No 1 0 NA - -

B6. Presence of attractive crops/fruit trees surrounding the farm Yes 21 29 3.22 1.06–9.77 .04*

No 14 6 Ref - -

B7. No other animals kept in the pig shed Yes 35 35 1.00 0.00 1.00

No 0 0 NA - -

B8. Boar from other farm is not used for reproduction Yes 35 35 1.00 0.00 1.00

No 0 0 NA - -

B9. All in-all out system practiced at all stage of production Yes 29 33 3.41 0.64–18.25 .15

No 6 2 Ref - -

B10. Workers shared with other farms Yes 24 32 4.89 1.23–19.47 .02*

No 11 3 Ref - -

B11. Workers change to new/different clothes when enter farm Yes 4 3 0.73 0.15–3.52 .69

No 31 32 Ref - -

B12. Workers change to new/different boots when enter farm Yes 35 35 1.00 0.00 1.00

No 0 0 NA - -

B13. Farm has quarantine area Yes 27 31 2.29 0.62–8.48 .21

No 8 4 Ref - -

B14. No new pigs introduced into farm 60 days prior ASF outbreak in 
the state

Yes 35 35 1.00 0.00 1.00

No 0 0 NA - -

B15.Manure and farm waste treated prior discharge Yes 33 30 0.36 0.06–2.02 .25

No 2 5 Ref - -

B16. Farm routinely cleaned using disinfectant solutions Yes 16 15 0.89 0.35 .81

No 19 20 Ref - -

B17.Farm thoroughly disinfected after an outbreak/disease Yes 35 35 1.00 0.00 1.00

No 0 0 NA - -

B18.Carcass of dead pigs disposed by burial or burning method Yes 35 35 1.00 0.00 1.00

No 0 0 NA - -

Note: CI = Confidence interval; OR = Odds ratio; Ref = Reference; NA = Not available.
*Statistically significant.
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farms prone to rodent access and infestation appeared to be signifi-
cantly associated with the ASF outbreaks. Rodent control programs 
in livestock farms in Malaysia is one of the requirements under the 
Malaysian Good Agricultural Practices (MyGap) program. However, 
currently, the program is on voluntary basis, and it is not manda-
tory for the pig farms to adopt the program. Thus, it is possible that 
rodent control is carried out inconsistently, which may have led to 
sudden fluctuations in the rodent population. The study by Fasina 
et al. (2012) highlighted that the sudden increase in rodent popu-
lations may increase the risk of disease transmission as the rodents 
may transfer ASFV-infected remnants between farms.

The presence of attractive crops/fruit trees surrounding the farm was 
identified as one of the significant risk factors associated with the 
occurrence of ASF outbreaks. In Malaysia, it is a common practice 
to utilize the areas surrounding livestock farms by planting crops, 
vegetables, and fruits; hence, the attractive crops and fruit trees sur-
rounding the farms may attract the entry of wild boar, wild animals, 
and birds, which may transmit the virus to naïve pigs in the farm. 
In fact, EFSA (2014) has reported that domestic pigs in Latvia and 
Lithuania may have been exposed to the ASF virus through fresh 
grass and seeds contaminated with wild boar feces. At present, in 
Malaysia, there are no rules or laws that dictate the distance of pig 
farm locations from crop cultivation farms or fruit orchards. Thus, 
this finding highlights the need for a practical preventive measure 
to mitigate the risk of cross-contamination associated with the pres-
ence of crops or fruit trees farming around livestock farm, which is 
common practice in the country.

Moreover, the study also found that sharing workers with other 
farms was significantly associated with the ASF outbreak. It is clear 
and logical that the sharing of workers may intensify the transmis-
sion of the virus from one farm to another. This is because factors 
such as unchanged clothing or shoes inbetween farms may serve 
as a mediator for the spread of the virus between farms. Numerous 
ASF outbreaks that occurred in major commercial farms in Russia 
and Lithuania were caused by contact with contaminated fomites 
as a result of improper disinfection of clothing and boots (Gogin 
et al., 2013; Gonzales et al., 2021; Oganesyan et al., 2013). However, 
in Peninsular Malaysia, due to the ownership of more than one farm 
and to reduce labor costs, the practice of sharing pig farm workers 
will continue for the foreseeable future, especially among small- to 
medium-scale farms. It was noted that the risk factors identified in 
this study are closely related to inadequate biosecurity practices, 
which are commonly reported as the main factor for ASF outbreaks 
in countries such as the Dominican Republic and South Africa 
(Amar et  al., 2021; Gonzales et  al., 2021; Mutua & Dione, 2021). 
Thus, increased awareness on the risk of workers sharing practices 
and the importance of adhering to strict biosecurity measures in 
between farm-to-farm movement is crucial to minimizing the risk of 
ASF virus transmission into naïve farms (Chenais et al., 2022; Dione 
et al., 2020).

As has been discussed in previous studies, this study also identified 
the factors of entry of visitors’ vehicles into farms and entry of feed 
trucks into farms to be significantly associated with the ASF out-
breaks. In the majority of the study farms, the vehicle parking and 
unloading spaces are located within the farm area. Hence, there is 
a high probability of the ASF virus being transmitted to the farm 
through infected vehicles, the equipment of the vehicle, and the 
driver’s shoe due to the resilient characteristic of the ASF virus, which 
enables it to last for several days in the environment, especially in 
organic material (Bellini et  al., 2016). Madec et  al. (2010) recom-
mended that every farm establish appropriate feed and pig loading 
area in the farm that prevents the entry of trucks, including the driv-
ers, into the farm by any means. The European Commission, in its 
regulation for ASF, has stated that entry of vehicles into farms shall 
be restricted and regulated strictly, with a record of the movement 
of vehicles and people into the farm (Duc et al., 2022). In Malaysia, 
restrictions and movement control on pig farms are enforced by the 
authority in the event of an outbreak to control the transmission 
of disease. However, under normal circumstances, movement into 

Table 5.
Multivariate Conditional Logistic Regression Analysis of Risk Factors Related to 
Biosecurity Practices in the Farm with the African Swine Fever Status of the 
Farms

Variable/factors Category OR 95% CI p

B4. Water used as drinking 
water for pigs are treated

Yes 2.81 0.70–11.27 .144

No Ref - -

B6. Presence of attractive crops/
fruit trees surrounding the farm

Yes 4.00 1.25–12.82 .02*

No Ref - -

B10. Workers shared with other 
farms

Yes 6.11 1.46–25.61 .01*

No Ref - -

Note: CI = Confidence interval; OR = Odds ratio; Ref = Reference.*Statistically 
significant.

Figure 3.
Predicted Probabilities of Final Model Based on the Receiver 
Operating Characteristic (ROC) Method (the area under the curve 
(AUC) = 0.703).
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farms are regulated by the farm owner itself. This may provide room 
for a higher risk of disease transmission between farms due to the 
uncontrolled movement of vehicles into farms.

The presence of biting insects such as flies and mosquitoes on the 
pig’s body, which to the extent irritates the pigs, was also signifi-
cantly associated with the ASF outbreak farms. Even though soft 
ticks of the genus Ornithodoros were commonly regarded as the 
major biological vector for ASF virus transmission among pigs and 
wild boar (Gallardo et  al., 2015), there are studies that have indi-
cated that ASF virus may also be transferred to pigs by biting flies 
like Stomoxys calcitrans during their feeding cycle (Mellor et  al., 
1987; Saegerman et al., 2021) or through ingestion of infected flies 
(Olesen et al., 2017; Olesen et al., 2018). The possibility of transmis-
sion is further supported by the persistence of high virus titers in 
the flies for up to 2 days (Baldacchino et al., 2013) and the detection 
of ASF virus DNA traces in flies and mosquitoes’ samples in a pilot 
investigation carried out by Herm et al. (2020) in an ASF outbreak 

farm in Estonia. Therefore, this indicates that the vector control pro-
gram to control the population of mosquitoes and insects on pig 
farms is necessary. This is because the tropical weather in Malaysia 
and the monsoon seasons with higher rainfall frequencies are con-
ducive to the breeding and maturation cycles of insects like flies 

Table 6.
Univariate Logistic Regression Analysis of Risk Factors Related to Visitors and Vehicles Movement into the Farm with the African Swine Fever Status of the Farms

Variable/factors Category Cases (n) Controls (n) OR 95% CI p

C1. Entry of visitors who have visited other farms on the 
same day

Yes 34 27 0.09 0.01–0.84 .03*

No 1 8 Ref - -

C2. Visitors wear new clean boots/disposable shoe cover 
when entering farm

Yes 31 29 0.62 0.16–2.44 .49

No 4 6 Ref - -

C3. Visitors required to wear disposable protective clothes 
when entering farm

Yes 27 33 4.89 0.96–24.97 .06*

No 8 2 Ref - -

C4. Entry of visitor’s vehicle into farm Yes 33 27 0.21 0.04–1.05 .05*

No 2 8 Ref - -

C5. Entry of feed truck into farm Yes 25 32 4.27 1.06–17.17 .04*

No 10 3 Ref - -

C6. Entry of butcher or pig catcher’s lorry into farm Yes 31 29 0.37 0.10–1.35 .13

No 4 6 Ref - -

Note: CI = Confidence interval; OR = Odds ratio; Ref = Reference. 
*Statistically significant.

Table 7.
Multivariate Conditional Logistic Regression Analysis of Risk Factors Related to 
Visitors and Vehicles Movement into the Farm with the African Swine Fever 
Status of the Farms

Variable/factors Category OR 95% CI p

C1. Entry of visitors who have 
visited other farms on the same 
day

Yes 0.16 0.02-1.44 .10

No Ref - -

C4. Entry of visitor’s vehicle into 
farm

Yes 0.14 0.02-1.00 .05*

No Ref - -

C5. Entry of feed truck into farm Yes 5.45 1.03-28.92 .04*

No Ref - -

Note: CI = Confidence interval; OR = Odds ratio; Ref = Reference.
*Statistically significant.

Figure 4.
Predicted Probabilities of Final Model Based on the Receiver 
Operating Characteristic (ROC) Method (the Area Under the Curve 
(AUC) = 0.715).
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and mosquitoes (Gopalsamy et  al., 2021; Semelbauer et  al., 2018; 
Wee et al., 2013). Further to that, it is important to note that most 
of  the ASF outbreaks in Peninsular Malaysia occurred during the 
monsoon seasons, which favored the increase of mosquitoes and 
fly populations due to higher rainfall and a lower environmen-
tal temperature. Thus, this finding warrants a need to carry out a 
detailed vector study on the significant function of insects in the 
spread of ASF among pig farms in tropical climate countries like 
Malaysia.

The environmental risk factors, which are the presence of wild birds 
in the pig pens area and the presence of attractive crops or fruit trees 
surrounding the farm identified in the present study, can be regarded 
as mitigable factors with high financial implications. This is because 
transitioning from an open to a closed house system, which is the 
best option to prevent access to wild birds, including wild animals, 
to reduce the risk of disease transmission or cross-contamination 
between herds, farms, and wild animals, will incur additional costs to 
the farmers. On the other hand, clearance of attractive crops or fruit 

trees surrounding the farm may cause losses as the crop yields might 
be another source of income for the farmers.

Meanwhile, the biosecurity practices related risk factors, which are 
the sharing of workers with other farms, entry of visitors’ vehicles 

Table 8.
Univariate Logistic Regression Analysis of Risk Factors Related to Presence and Control of Ticks, Biting Insects, and Rodents in the Farm with the African Swine Fever 
Status of the Farms

Variable/factors Category Cases (n) Controls (n) OR 95% CI p

D1. Pigs free from tick infestation Yes 34 32 0.314 0.31-3.17 .32

No 1 3 Ref - -

D2. Tick control treatment carried out routinely in farm Yes 30 31 1.29 0.32-5.28 .72

No 5 4 Ref - -

D3. Presence of biting insects such as flies, mosquitoes on pig’s 
body which to the extent irritates the pigs

Yes 13 4 0.22 0.06-0.76 .02*

No 22 31 Ref - -

D4. Insecticide sprayed routinely at farm Yes 28 33 4.13 0.79-21.48 .09*

No 7 2 Ref - -

D5. Farm prone to rodent access and infestation Yes 33 25 0.15 0.03-0.75 .02*

No 2 10 Ref - -

D6. Presence of rodent control program in farm Yes 34 33 0.48 0.04-5.61 .56

No 1 2 Ref - -

Note: CI = Confidence interval; OR = Odds ratio; Ref = Reference.
*Statistically significant.

Table 9.
Multivariate Conditional Logistic Regression Analysis of Risk Factors Related to 
Presence and Control of Ticks, Biting Insects, and Rodents in the Farm with the 
African Swine Fever Status of the Farms

Variable/factors Category OR 95% CI p

D3. Presence of biting insects 
such as flies, mosquitoes on 
pig’s body which to the extent 
irritates the pigs

Yes 0.21 0.06-0.80 .02*

No Ref - -

D5. Farm prone to rodent access 
and infestation

Yes 0.15 0.03-0.79 .03*

No Ref - -

Note: CI = Confidence interval; OR = Odds ratio; Ref = Reference. 
*Statistically significant.

Figure 5.
Predicted Probabilities of Final Model Based on the Receiver 
Operating Characteristic (ROC) Method (the Area Under the Curve 
(AUC) = 0.700).
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into farms, entry of feed trucks into farms, the presence of biting 
insects such as flies, and mosquitoes on pigs’ bodies which to the 
extent irritate the pigs, and farms prone to rodent access and infes-
tation, can be regarded as mitigable risk factors with reasonable 
financial implications. If possible, it is best to avoid sharing workers 
between farms of the same owner or company unless very stringent 
biosecurity measures could be adhered to by the workers during the 
movement between farms. In addition, total restriction of vehicle 
entry into the farms is recommended to reduce the risk of contact 
and transmission of the ASF virus through contaminated vehicles, 
drivers, and its associated materials. Cleaning of the farm and the 
surroundings should also be carried out routinely in addition to the 
vector control program to clear the potential breeding grounds of 
flies or mosquitoes.

To limit the confounding bias in the present study, the case and 
control farms were matched in terms of farm type, farm system, 
breeding method, and vaccination status for AD, PRRS, PCV2, CSF, 
and FMD. In addition, an effort was made to include all the farms 
in Peninsular Malaysia that had ASF outbreaks during the study 
period; thus, all the farms that had outbreaks in the states of Melaka 
and Perak were selected as case farms. Self-report bias was pos-
sible in this study as farmers may tend to provide “socially accept-
able” answers to the questions in the questionnaire rather than their 
actual practices. However, where possible, we counter-checked 
with the representative of the respective state pig association and 
Department of Veterinary Services officers, who are familiar with the 
farms. In addition, to avoid misconceptions or different interpreta-
tions of the questions in the questionnaire, a pre-administration 
group discussion was held with the group of farmers, and each of 
the close-ended questions was well described before the farmers 
were requested to fill in the questionnaire. Recall bias is considered 
negligible, as most of the questions in the questionnaire are straight-
forward on static aspects and practices carried out on a daily basis.

Conclusion

The risk factors identified in this study are mostly related to inade-
quate biosecurity practices. The low level of biosecurity could be one 
of the reasons that led to the incursion of ASF into the domestic pig 
farms in the states of Perak and Melaka within a short period of time. 
Thus, it is crucial to implement good biosecurity to prevent contact 
between infected pigs and ASFV-contaminated materials with naïve 
pigs, which causes ASF outbreaks in domestic farms. As an early 
step, the adoption of MyGap system, which directly heightens the 
biosecurity system in livestock farms, shall be made mandatory for 
all the pig farms to minimize ASF risk. Additionally, adaptation of 
the modern pig farming system, which includes the conversion of 
open houses to closed houses, shall be expedited to not only man-
age the ASF risk but also the risk of other swine diseases. Therefore, 
to enhance and improve the implementation of good biosecurity 
practices in the domestic pig farms, good engagement between the 
authority, and the farmers is important. Proposal and implementa-
tion of new systems or measures, such as the MyGap system and the 
modern pig farming system, to manage and minimize ASF risk in a 
resource-constrained condition, especially in the midst or post-ASF 
outbreak period, might not be well accepted by the pig farmers or 
the industry. However, it can be achieved holistically through contin-
uous awareness campaigns, engagement, and cooperation between 
the authority, farmers, stakeholders, and the private sector to ensure 

the new system or measures not only address the ASF risk but also 
contribute to productivity along the pig value chain.

Data Availability Statement: Availability of data analyzed during 
this study is available from the correspondence author on reasona-
ble request.

Ethics Committee Approval: Ethical committee approval was 
received from the Committee for Research Involving Human Subject 
of Putra Malaysia University (Approval no: JKEUPM-2022-288, Date: 
July 2, 2022). 

Informed Consent: Verbal informed consent was obtained from the 
participants who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – V.R., Z.R., M.N.; Design – V.R., Z.R., 
M.N.; Supervision – Z.R., M.N.; Resource – V.R., Z.R., M.N.; Materials – 
V.R., Z.R., M.N.; Data Collection and/or Processing – V.R., Z.R., M.N.; 
Analysis and/or Interpretation – V.R., Z.R., M.N.; Literature Search – 
V.R., Z.R., M.N.; Writing – V.R., Z.R.; Critical Review – V.R., Z.R., M.N.

Acknowledgments: The authors are grateful to the director general 
of Department of Veterinary Services, Malaysia, Disease Control and 
Veterinary Biosecurity Division, Veterinary Research Division, and 
Livestock Industry Development Division of Department of 
Veterinary Services, Malaysia for their valuable technical support for 
this study, Department of Veterinary Services Perak, Department of 
Veterinary Services Melaka and the Pig Association at the state of 
Perak and Melaka for their kind technical assistance to conduct the 
study. We also would like to acknowledge the pig farmers who 
agreed to participated in this study.

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: The authors declared that this study has received no finan-
cial support.

References

Aliro, T., Chenais, E., Odongo, W., Okello, D. M., Masembe, C., & Ståhl, K. (2022). 
Prevention and control of African swine fever in the smallholder pig 
value chain in Northern Uganda: Thematic analysis of stakeholders’ per-
ceptions. Frontiers in Veterinary Science, 8, 707819. [CrossRef]

Amar, S., De Boni, L., De Voux, A., Heath, L., & Geertsma, P. (2021). An outbreak 
of African swine fever in small-scale pigs, Gauteng, South Africa, July 
2020. International Journal of Infectious Diseases, 110 Suppl. 1, S44–S49. 
[CrossRef]

Baldacchino, F., Muenworn, V., Desquesnes, M., Desoli, F., Charoenviriyaphap, 
T., & Duvallet, G. (2013). Transmission of pathogens by Stomoxysflies 
(Diptera, Muscidae): A review. Parasite, 20, 26. [CrossRef]

Barnes, T. S., Morais, O., Cargill, C., Parke, C. R., & Urlings, A. (2020). First steps 
in managing the challenge of African Swine Fever in Timor-Leste. One 
Health, 10, 100151. [CrossRef]

Beaunée, G., Deslandes, F., & Vergu, E. (2023). Inferring ASF transmission in 
domestic pigs and wild boars using a paired model iterative approach. 
Epidemics, 42, 100665. [CrossRef]

Bellini, S., Casadei, G., De Lorenzi, G., & Tamba, M. (2021). A review of risk fac-
tors of African swine fever incursion in pig farming within the European 
Union scenario. Pathogens, 10(1), 84. [CrossRef]

https://doi.org/10.3389/fvets.2021.707819
https://doi.org/10.1016/j.ijid.2021.04.003
https://doi.org/10.1051/parasite/2013026
https://doi.org/10.1016/j.onehlt.2020.100151
https://doi.org/10.1016/j.epidem.2023.100665
https://doi.org/10.3390/pathogens10010084


75

RAMACHANDEREN et al. Risk Factors for African Swine Fever Outbreaks
Acta Veterinaria Eurasia 2024; 50(1): 65-76

Bellini, S., Rutili, D., & Guberti, V. (2016). Preventive measures aimed at mini-
mizing the risk of African swine fever virus spread in pig farming sys-
tems. Acta Veterinaria Scandinavica, 58(1), 82. [CrossRef]

Bernama (2023). Perak reports 4 cases of African Swine Fever this year. New 
Straits Times. https ://ww w.nst .com. my/ne ws/na tion/ 2023/ 01/87 0531/ 
perak -repo rts-4 -case s-afr ican- swine -feve r-yea r

Bisimwa, P. N., Dione, M., Basengere, B., Mushagalusa, C. A., Steinaa, L., & 
Ongus, J. R. (2021). Risk factors of African swine fever virus in suspected 
infected pigs in smallholder farming systems in South-Kivu province, 
Democratic Republic of Congo. Journal of Veterinary Science, 22(3), e35. 
[CrossRef]

Boklund, A., Dhollander, S., Chesnoiu Vasile, T., Abrahantes, J. C., Bøtner, A., 
Gogin, A., Gonzalez Villeta, L. C., Gortázar, C., More, S. J., Papanikolaou, 
A., Roberts, H., Stegeman, A., Ståhl, K., Thulke, H. H., Viltrop, A., Van der 
Stede, Y., & Mortensen, S. (2020). Risk factors for African swine fever 
incursion in Romanian domestic farms during 2019. Scienti!c Reports, 
10(1), 10215. [CrossRef]

Brown, A. A., Penrith, M. L., Fasina, F. O., & Beltrán-Alcrudo, D. (2018). The 
African swine fever epidemic in West Africa, 1996–2002. Transboundary 
and Emerging Diseases, 65(1), 64–76. [CrossRef]

Chenais, E., Depner, K., Ebata, A., Penrith, M. L., Pfeiffer, D. U., Price, C., Ståhl, 
K., & Fischer, K. (2022). Exploring the hurdles that remain for control of 
African swine fever in smallholder farming settings. Transboundary and 
Emerging Diseases, 69(5), e3370–e3378. [CrossRef]

Cheng, J., & Ward, M. P. (2022). Risk factors for the spread of African Swine 
Fever in China: A systematic review of Chinese-language literature. 
Transboundary and Emerging Diseases, 69(5), e1289–e1298. [CrossRef]

Costard, S., Wieland, B., De Glanville, W. A., Jori, F., Rowlands, R. J., Vosloo, W., 
Roger, F., Pfeiffer, D. U., & Dixon, L. K. (2009). African swine fever: How 
can global spread be prevented? Philosophical Transactions of the Royal 
Society of London. Series B, Biological Sciences, 364(1530), 2683–2696. 
[CrossRef]

De La Torre, A., Bosch, J., Sánchez-Vizcaíno, J. M., Ito, S., Muñoz, C. B., Iglesias, 
I., & Martínez-Avilés, M. M. (2022). African swine fever survey in a Euro-
pean context. Pathogens, 11(2), 137. [CrossRef]

Department of Veterinary Services Malaysia. (2022). Livestock Statistics Per-
angkaan Ternakan 2021-2022. https ://ww w.dvs .gov. my/in dex.p hp/pa 
ges/v iew/4 315

Dione, M. M., Dohoo, I. R., Ndiwa, N. N., Poole, J., Ouma, E. A., Amia, W. C., & 
Wieland, B. (2020). Impact of participatory training of smallholder pig 
farmers on knowledge, attitudes and practices regarding biosecurity for 
the control of African swine fever in Uganda. Transboundary and Emerg-
ing Diseases, 67(6), 2482–2493. [CrossRef]

Duc, H. M., Ngan, P. H., Son, H. M., Lan, N. T., Van Hung, L., Ha, C. T. T., Hoa, N. 
T., Lam, T. Q., Van Thang, N. V., Flory, G. A., & Hutchinson, M. (2022). The 
use of composting for the disposal of African swine fever virus-infected 
swine carcasses. Transboundary and Emerging Diseases, 69(5), 
e3036–e3044. [CrossRef]

EFSA Panel on Animal Health and Welfare (AHAW) (2014). Scientific Opinion 
on African swine fever. EFSA Journal, 12(4), 3628. [CrossRef]

EFSA Panel on Animal Health and Welfare (AHAW), Nielsen, S. S., Alvarez, J., 
Bicout, D., Calistri, P., Depner, K., Drewe, J. A., Garin-Bastuji, B., Gonzales 
Rojas, J. L., Michel, V., Miranda, M. A., Roberts, H., Sihvonen, L., Spoolder, 
H., Ståhl, K., Viltrop, A., Winckler, C., Boklund, A., Bøtner, A., Gonzales 
Rojas, J. L., et  al. (2019). Risk assessment of African swine fever in the 
south-eastern countries of Europe. EFSA Journal, 17(11), e05861. 
[CrossRef]

Fasina, F. O., Agbaje, M., Ajani, F. L., Talabi, O. A., Lazarus, D. D., Gallardo, C., 
Thompson, P. N., & Bastos, A. D. (2012). Risk factors for farm-level African 
swine fever infection in major pig-producing areas in Nigeria, 1997–2011. 
Preventive Veterinary Medicine, 107(1–2), 65–75. [CrossRef]

Gallardo, M. C., Reoyo, A. T., Fernández-Pinero, J., Iglesias, I., Muñoz, M. J., & 
Arias, M. L. (2015). African swine fever: A global view of the current chal-
lenge. Porcine Health Management, 1(1), 21. [CrossRef]

Gogin, A., Gerasimov, V., Malogolovkin, A., & Kolbasov, D. (2013). African swine 
fever in the North Caucasus region and the Russian Federation in years 
2007–2012. Virus Research, 173(1), 198–203. [CrossRef]

Gonzales, W., Moreno, C., Duran, U., Henao, N., Bencosme, M., Lora, P., Reyes, 
R., Núñez, R., De Gracia, A., & Perez, A. M. (2021). African swine fever in 
the Dominican Republic. Transboundary and Emerging Diseases, 68(6), 
3018–3019. [CrossRef]

Gopalsamy, B., Yazan, L. S., Razak, N. N. A., & Man, M. (2021). Association of 
temperature and rainfall with Aedes mosquito population in 17th Col-
lege of Universiti Putra Malaysia. Malaysian Journal of Medicine and 
Health Sciences, 17(2), 78–84. http: //psa sir.u pm.ed u.my/ id/ep rint/ 85460 
/

Herm, R., Tummeleht, L., Jürison, M., Vilem, A., & Viltrop, A. (2020). Trace 
amounts of African swine fever virus DNA detected in insects collected 
from an infected pig farm in Estonia. Veterinary Medicine and Science, 
6(1), 100–104. [CrossRef]

Hosmer, D. W., & Lemeshow, S. (2000). Applied logistic regression. John Wiley 
& Sons, Inc.

Khoo, C. K., Norlina, D., Roshaslinda, D., Siti Suraya Hani, M. S., Zunaida, B., 
Mohd Hasrul, A. H., Pauzi, N. A. S., Roslina, H., Aizah Hanim, M. S., & Leow, 
B. L. (2021). African swine fever in backyard pigs of Sabah state, East 
Malaysia, 2021. Tropical Biomedicine, 38(4), 499–504. [CrossRef]

Madec, F., Hurnik, D., Porphyre, V., & Cardinale, E. (2010). Good practices for 
biosecurity in the pig sector: Issues and options in developing and tran-
sition countries. FAO EBooks. https ://ag ritro p.cir ad.fr /5563 02/

Mellor, P. S., Kitching, R. P., & Wilkinson, P. J. (1987). Mechanical transmission 
of capripox virus and African swine fever virus by Stomoxys calcitrans. 
Research in Veterinary Science, 43(1), 109–112. [CrossRef]

Mutua, F., & Dione, M. M. (2021). The context of application of biosecurity for 
control of African swine fever in smallholder pig systems: Current gaps 
and recommendations. Frontiers in Veterinary Science, 8, 689811. 
[CrossRef]

Oganesyan, A. S., Petrova, O. N., Korennoy, F. I., Bardina, N. S., Gogin, A. E., & 
Dudnikov, S. A. (2013). African swine fever in the Russian Federation: 
Spatio-temporal analysis and epidemiological overview. Virus Research, 
173(1), 204–211. [CrossRef]

Olesen, A. S., Lohse, L., Boklund, A., Halasa, T. H. B., Gallardo, C., Pejsak, Z., 
Belsham, G. J., Rasmussen, T. B., & Bøtner, A. (2017). Transmission of Afri-
can swine fever virus from infected pigs by direct contact and aerosol 
routes. Veterinary Microbiology, 211, 92–102. [CrossRef]

Olesen, A. S., Lohse, L., Hansen, M. F., Boklund, A., Halasa, T. H. B., Belsham, G. 
J., Rasmussen, T. B., Bøtner, A., & Bødker, R. (2018). Infection of pigs with 
African swine fever virus via ingestion of stable flies (Stomoxys calci-
trans). Transboundary and Emerging Diseases, 65(5), 1152–1157. 
[CrossRef]

Oļševskis, E., Guberti, V., Seržants, M., Westergaard, J. M., Gallardo, C., Rodze, 
I., & Depner, K. (2016). African swine fever virus introduction into the EU 
in 2014: Experience of Latvia. Research in Veterinary Science, 105, 28–30. 
[CrossRef]

Probst, C., Gethmann, J., Amler, S., Globig, A., Knoll, B., & Conraths, F. J. (2019). 
The potential role of scavengers in spreading African swine fever among 
wild boar. Scienti!c Reports, 9(1), 11450. [CrossRef]

Rowlands, R. J., Michaud, V., Heath, L., Hutchings, G., Oura, C., Vosloo, W., 
Dwarka, R., Onashvili, T., Albina, E., & Dixon, L. K. (2008). African swine 
fever virus isolate, Georgia, 2007. Emerging Infectious Diseases, 14(12), 
1870–1874. [CrossRef]

Saegerman, C., Bonnet, S., Bouhsira, E., De Regge, N., Fite, J., Etoré, F., Garigli-
any, M. M., Jori, F., Lempereur, L., Le Potier, M. F., Quillery, E., Vergne, T., 
& Vial, L. (2021). An expert opinion assessment of blood-feeding arthro-
pods based on their capacity to transmit African swine fever virus in 
Metropolitan France. Transboundary and Emerging Diseases, 68(3), 
1190–1204. [CrossRef]

Salguero, F. J. (2020). Comparative Pathology and pathogenesis of African 
swine fever infection in swine. Frontiers in Veterinary Science, 7, 282. 
[CrossRef]

Salwahanim, S., & Nazir, M. (2020). Potential cost of African swine fever virus 
(ASFV) to Malaysia. INTAN administrator digest, 2(1). https ://do cs.jp a.gov 
.my/s me/pe nulis an/Hu bunga n_Run dinga n_Ant araba ngsa/ 1.pdf 

Semelbauer, M., Mangová, B., Barta, M., & Kozánek, M. (2018). The factors 
influencing seasonal dynamics and spatial distribution of stable fly 

https://doi.org/10.1186/s13028-016-0264-x
https://www.nst.com.my/news/nation/2023/01/870531/perak-reports-4-cases-african-swine-fever-year
https://www.nst.com.my/news/nation/2023/01/870531/perak-reports-4-cases-african-swine-fever-year
https://doi.org/10.4142/jvs.2021.22.e35
https://doi.org/10.1038/s41598-020-66381-3
https://doi.org/10.1111/tbed.12673
https://doi.org/10.1111/tbed.14642
https://doi.org/10.1111/tbed.14573
https://doi.org/10.1098/rstb.2009.0098
https://doi.org/10.3390/pathogens11020137
https://doi.org/10.1111/tbed.13587
https://doi.org/10.1111/tbed.14659
https://doi.org/10.2903/j.efsa.2014.3628
https://doi.org/10.2903/j.efsa.2019.5861
https://doi.org/10.1016/j.prevetmed.2012.05.011
https://doi.org/10.1186/s40813-015-0013-y
https://doi.org/10.1016/j.virusres.2012.12.007
https://doi.org/10.1111/tbed.14341
http://psasir.upm.edu.my/id/eprint/85460/
http://psasir.upm.edu.my/id/eprint/85460/
https://doi.org/10.1002/vms3.200
https://doi.org/10.47665/tb.38.4.095
https://agritrop.cirad.fr/556302/
https://doi.org/10.1016/s0034-5288(18)30753-7
https://doi.org/10.3389/fvets.2021.689811
https://doi.org/10.1016/j.virusres.2012.12.009
https://doi.org/10.1016/j.vetmic.2017.10.004
https://doi.org/10.1111/tbed.12918
https://doi.org/10.1016/j.rvsc.2016.01.006
https://doi.org/10.1038/s41598-019-47623-5
https://doi.org/10.3201/eid1412.080591
https://doi.org/10.1111/tbed.13769
https://doi.org/10.3389/fvets.2020.00282
https://docs.jpa.gov.my/sme/penulisan/Hubungan_Rundingan_Antarabangsa/1.pdf
https://docs.jpa.gov.my/sme/penulisan/Hubungan_Rundingan_Antarabangsa/1.pdf


76

RAMACHANDEREN et al. Risk Factors for African Swine Fever Outbreaks
Acta Veterinaria Eurasia 2024; 50(1): 65-76

stomoxys calcitrans (Diptera, Muscidae) within stables. Insects, 9(4), 142. 
[CrossRef]

Thi, N. T., Tuyen, L. A., Van Truong, L., Huynh, L. T. M., Huong, P. T. L., Hanh, V. 
D., Anh, V. V., Hoa, N. X., Vui, T. Q., & Sekiguchi, S. (2022). Early-phase risk 
assessments during the first epidemic year of African swine fever out-
breaks in Vietnamese pigs. Veterinary Medicine and Science, 8(5), 
1993–2004. [CrossRef]

Wee, L. K., Weng, S. N., Raduan, N., Wah, S. K., Ming, W. H., Shi, C. H., Rambli, 
F., Ahok, C. J., Marlina, S., Ahmad, N. W., Mckemy, A., Vasan, S. S., & Lim, 

L. H. (2013). Relationship between rainfall and Aedes larval population 
at two insular sites in Pulau Ketam, Selangor, Malaysia. Southeast Asian 
Journal of Tropical Medicine and Public Health, 44(2), 157–166. https ://pu 
bmed. ncbi. nlm.n ih.go v/236 91624 

World Animal Health Information System-WAHIS (2023). Animal Disease 
Event: Malaysia. https ://wa his.w oah.o rg/#/event-management

World Organization for Animal Health-WOAH (2022). Situational updates of 
ASF in Asia and the paci!c. https ://rr -asia .oie. int/e n/pro jects /asf/ situa 
tiona l-upd ates- of-as f/ [CrossRef]

https://doi.org/10.3390/insects9040142
https://doi.org/10.1002/vms3.852
https://pubmed.ncbi.nlm.nih.gov/23691624
https://pubmed.ncbi.nlm.nih.gov/23691624
https://wahis.woah.org/
https://rr-asia.oie.int/en/projects/asf/situational-updates-of-asf/
https://rr-asia.oie.int/en/projects/asf/situational-updates-of-asf/
https://doi.org/10.1016/j.ijid.2021.04.003

