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ASSOCIATION BETWEEN DOMESTIC PIG FARM’S CHARACTERISTICS IN RELATION 
TO THE AFRICAN SWINE FEVER OCCURRENCE IN PENINSULAR MALAYSIA

INTRODUCTION

The pig industry in Malaysia has moderately 
developed and improved in terms of management 
and breeding in recent years. Based on the 
year 2021 census, the standing pig population 
in Malaysia is 1,857,839 (Peninsular Malaysia: 
1,444,952; Sabah: 91,374; Sarawak: 321,513). 
Malaysia’s pork self-sufficiency level is 93.7 % with 
91.9 % in Peninsular Malaysia with 17.1 kg/year 
per capita consumption of pork. The per capita 
consumption of pork was calculated based on 
40 % of the non-Muslim population in Malaysia 
(Department of Veterinary Services, 2022). 

African swine fever (ASF) is a worldwide 
deadly viral disease of domestic pigs causing 
widespread haemorrhage and mortality almost 

up to 100 % among affected pigs (Penrith et al., 
2019). Till today, there is no effective commercial 
vaccine against ASF. Thus, the disease control 
strategy to prevent the spread of the disease 
mainly focuses on animal movement restriction, 
improved border control, control of contact 
between domestic and wild swine populations, 
improved sanitation and hygiene, and culling 
of infected animals (Costard et al., 2009). The 
disease causes a major impact on pig health 
and production, and also poses a threat towards 
the global pig and pork trade industry and food 
security (Nielsen et al., 2019). The rapid spread 
of ASF in recent years has alarmed the industry 
players and veterinary services for a constructive 
approach to prevent and control the disease. 

ABSTRACT. As ASF outbreaks among domestic pig farms in Peninsular Malaysia involve farms of various scales 
with different numbers of pig populations, determination of the risk factors related to farm characteristics 
would be useful to develop and strategise risk-based preventive measures. The present study was conducted 
to determine the pig farm’s characteristics and related risk factors associated with the ASF outbreaks in 
domestic pig farms in Peninsular Malaysia. The association between the 441 domestic pig farm characteristics 
and the farm’s ASF status at the farm level was analysed using univariate and multivariate logistic regression. 
The farm characteristics included in the study are the season at the farm during the outbreak period, location 
of the farm based on the population of pigs, housing system, farm scale based on SPP, farm density, breed 
type, BOD, buffer zone and MyGap certification status. Meanwhile, ASF-positive farms are farms which had 
reported ASF cases confirmed through Real Time PCR (RT-PCR) method. Farms located in states with high pig 
populations and the season at the farm during the outbreak period were identified to be more likely exposed 
to ASF outbreaks. The finding of this study provides an important insight that farms located in states with high 
pig populations and the season during the outbreak period are significantly associated with the introduction 
of the ASFV into domestic pig farms.
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In Malaysia, ASF is a disease which needs to be 
reported mandatorily and is notifiable by the 
World Organisation for Animal Health (WOAH).

In Malaysia, the first ASF outbreaks were 
confirmed in February 2021 in the state of Sabah 
and ASFV Genotype 2 strain was identified to 
be responsible for the deaths of the wild boars 
(Sus scrofa) and domestic pigs. The disease then 
spread to Sarawak in July 2021 (WAHIS, 2023; 
Khoo et al., 2021). In Peninsular Malaysia, the 
first ASF case was detected among dead wild 
boar carcasses in the Batang Padang District 
in the state of Perak (WAHIS, 2023). Following 
that, several ASF cases were reported among 
wild boar carcasses retrieved from the forest, 
natural parks, and oil palm plantations in the 
state of Melaka, Perak, Penang, Johor, Pahang, 
Terengganu, and Kelantan (WAHIS, 2023). 
Meanwhile in the state of Negeri Sembilan, ASFV 
was detected in a decayed carcass of wild boar 
found in a farm (WAHIS, 2023). ASF outbreaks 
among domestic pigs were first recorded in the 
state of Melaka in December 2021, followed by 
Perak in March 2021, and Penang in January 2023 
(WAHIS, 2023). 

Several risk factors associated with the 
regional spread and transmission of ASF virus 
transmission among domestic pig farms have 
been identified based on the underlying 
epidemiological situation. The majority of the 
studies have identified biosecurity-related risk 
factors as an important factor for the transmission 
of the disease among the domestic pig 
population (Viltrop et al., 2021). Swill feeding and 
close contact between susceptible and infected 
pigs are among the main risk factors reported 
in most studies (Bellini et al., 2016). However, 
there are not many published studies on the 
risk factors at the herd-level for the introduction 
of ASF among domestic pig herds, especially in 
Asia. So far, there are seven published studies on 

herd-level risk factors for ASF introduction from 
the years 1994 to 2021 which include two from 
Nigeria, one from Uganda, one from Kenya, one 
from Sardinia, one from Estonia, and one from 
Romania (Viltrop et al., 2021).

In Peninsular Malaysia, following the 
first outbreak, the Department of Veterinary 
Services (DVS), Malaysia has stamped out pigs in 
infected farms, enforced pig movement control, 
conducted disease investigations, surveillance, 
and several other preventive measures to control 
the spread of the disease (WAHIS, 2023). Despite 
all the efforts, the source of infection was still 
unclear and ASF continued to spread across 
Peninsular Malaysia even after more than one 
year after the first introduction of the virus. 
This highlights the need for an assessment of 
the risk of the disease spreading from various 
perspectives to facilitate the implementation 
of risk-based ASF control measures. As ASF 
outbreaks among domestic pig farms in 
Peninsular Malaysia involve farms of various 
scales with different numbers of pig populations, 
determination of the risk factors related to farm 
characteristics would be useful to develop and 
strategise risk-based preventive measures. Thus, 
this study aims to assess the domestic pig farms’ 
demographic variables on the occurrence of ASF 
in Peninsular Malaysia. 

MATERIALS AND METHODS

Source of Data

The data for this study were obtained from the 
Swine Unit, Livestock Development Division, 
Department of Veterinary Services (DVS), 
Malaysia. The data comprise eight demographic 
variables and the ASF status of 441 commercial 
pig farms, either positive or negative, in Peninsular 
Malaysia. ASF-positive farms are farms which had 
reported ASF cases confirmed through Real Time 
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PCR (RT-PCR) method. The farm characteristics in 
the data were the location of the farm by state, 
housing system, breed, biochemical oxygen 
demand (BOD) level of the farm waste effluent 
discharge, presence of buffer zone, Malaysia 
Good Agricultural Practice (MyGap) certification 
status, farm area in hectare, and standing pig 
population (SPP) of the farm.  Four new variables 
were created namely “region”, “farm size”, “farm 
density” and “season”.  Based on pig populations, 
Perak, Penang, Melaka, Johor, and Selangor were 
grouped as highly populated regions, while 
Kedah, Negeri Sembilan, and Pahang were 
grouped as lowly populated regions. States 
with a population of 100,000 pigs and more 
were categorised as highly populated regions 
while states with a population of pigs less than 
100,000 were categorised as lowly populated 
regions. Farm scale variable is categorised as 
small (when SPP of the farm is less than 2,000), 
medium (SPP between 2,000 and10,000), or large 
scale (SPP greater than 10,000). In addition, the 
SPP of the farm was divided by the farm area in 
hectare to form the farm density variable. Season 
at the farm during the outbreak period was 
categorised as Northeast monsoon (December 
2021 to February 2022) and first inter-monsoon 
(March 2021 to May 2022) based on the season 
at the state where the farms are located.  In 
summary, nine farm characteristic variables (i.e., 
independent variables) of this study are season 
at the farm during the outbreak period, location 
of farm based on population of pigs, housing 
system, farm scale based on SPP, farm density, 
breed type, BOD, buffer zone, and MyGap 
certification status.

Data Analysis

The database was created in Microsoft Excel, 
and all statistical analyses were performed using 
IBM Statistical Package for the Social Sciences 
statistics (SPSS) (Version 26, IBM Corp. Armonk, 

New York, United States of America). Descriptive 
statistics were computed for the nine farm 
characteristics, i.e., independent variables and 
the farm’s ASF status as the dependent variable. 
The relationship between the farm characteristics 
and the farm’s ASF status was assessed with Chi-
square and Fisher’s exact test where appropriate. 
The association between the farm’s characteristic 
variables and the farm’s ASF status at the 
farm level was analysed using univariate and 
multivariate logistic regression. Variables with a 
p-value < 0.1 in univariate analysis were included 
in the multivariate logistic regression model. The 
multivariate logistic regression models were 
fitted using the Backward LR method with a 
selection threshold of p-value < 0.05. The multi-
collinearity among the variables included in the 
final multivariate logistic regression model was 
checked by examining the variance inflation 
factor (VIF) of the variables. VIF value exceeding 
5 or 10 indicates high multicollinearity (James 
et al., 2013), while tolerance value <0.20 is 
considered as possible multicollinearity (Hair 
et al., 2010). The overall fit of the final models 
was assessed using Hosmer–Lemeshow 
goodness-of-fit test. The ability of the model 
to discriminate between ASF-positive and ASF-
negative farms was assessed using the receiver 
operating characteristic (ROC) curve. The area 
under the curve (AUC) value between 0.8 to 0.9 
was regarded as a good discriminatory value 
of the Likelihood Ratio (LR model in correctly 
predicting positive and negative outcomes 
(Hosmer & Lemeshow, 2000).

RESULTS 

Description of the Study Herd

Table 1a and Table 1b summarise the 
characteristics of 441 domestic pig farms in 
Peninsular Malaysia including the farms affected 
with ASF outbreaks from December 2021 to 



4 

MALAYSIAN JOURNAL OF VETERINARY RESEARCH VOLUME 14 NO 2 DECEMBER 2023

May 2022. The categorical farm characteristic 
variables include the farms’ ASF status, number 
of farms by states, pig population by states, 
season at the farm during the outbreak period, 
location of farm based on the population of 

pigs, housing system, farm scale based on SPP, 
farm density, breed type, BOD level, presence of 
buffer zone, and MyGap certification status. The 
continuous farm characteristic variables include 
the farm size, SPP, and farm density.

Table 1a. Number of pig farms according to the ASF outbreak status and the farm characteristics 
in categorical variables

Variable Subgroup Frequency Percentage

1. Farm’s ASF status Negative 406 92.10

Positive 35 7.90

2. Number of farms 
by states

Penang 142 32.20

Selangor 119 26.98

Perak 95 21.54

Johor 42 9.52

Melaka 35 7.94

Kedah 6 1.36

Negeri Sembilan 1 0.23

Pahang 1 0.23

3. Pig population by 
states (number of 
heads)

Perak 566,906 39.23

Penang 344,334 23.83

Johor 279,218 19.32

Selangor 209,248 14.48

Melaka 39,750 2.75

Pahang 3,156 0.22

Kedah 1,980 0.14

Negeri Sembilan 360 0.02

4. Season at the 
farm during the 
outbreak period 

Northeast monsoon (December 2021 
to February 2022)

78 17.70

First inter-monsoonal (March 2021 – 
May 2022)

363 82.30

5. Location of farm 
based on the 
population of pigs

Highly populated region (>100,000 
heads)

398 90.20

Lowly populated region (<100,000 
heads)

43 9.80

6. Housing system Open 406 92.10

Close 35 7.90
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7. Farm scale (based 
on SPP)

Small (SPP < 2,000) 229 51.90

Medium (2,000 < SPP < 10,000) 187 42.40

Large (SPP > 10,000) 25 5.70

8. Farm density Low (<100) 10 2.30

Medium (100-500) 94 21.30

High (> 500) 337 76.40

9. Breed type Landrace, Yorkshire, Duroc (LYD) 388 88.00

Landrace, Duroc, Large White (LDLW) 10 2.30

Landrace, Duroc (LD) 38 8.60

Others 5 1.10

10. BOD < 50 ppm 391 88.70

> 50 ppm 50	 11.30

11. Presence of a 
buffer zone

Present 250 56.70

No buffer zone 191 43.30

12. MyGap 
certification status

Certified 14 3.20

Not certified 427 96.80

Table 1b. Number of pig farms according to the ASF outbreak status and the farm characteristics 
in continuous variables

No. Variable Median Range

1. Farm size (hectare) 2.00 123.13

2. Standing pig population (SPP) (heads) 1,900.00 39,750.00

3. Farm density (pigs per hectare) 960.00 9,935.00

Univariate Logistic Regression Results

The univariate logistic regression analysis 
findings presented the farm characteristic 
variables that were significant to predict the 

occurrence of ASF in the farm (p-value ≤ 0.001) 
were season during the outbreak period, location 
of the farm, based on the population of pigs, 
presence of buffer zone, and farm scale (Table 2).

Table 2. Results from the univariate logistic regression analyses

Variable Subgroup Frequency OR 95 % CI p-value

Season at the farm during 
the outbreak period 

Northeast monsoon 78 44.75 16.57 - 120.86 <0.001*

First inter monsoon 363 1.00 Ref -

Location of farm based on 
the population of pigs

High populated region 398 181.39 60.61 - 542.83 <0.001*

Low populated region 43 1.00 Ref
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Type of housing Open 406 0.00 0.00 0.99

Close 35 1.00 Ref -

Farm scale (based on SPP) Small (SPP < 2,000) 229 0.22 0.09 – 0.55 0.001*

Medium (2,000 < SPP < 
10,000)

187 0.00 0.00 0.99

Large (SPP > 10,000) 25 1.00 Ref -

Farm density Low (<100) 10 0.00 0.00 0.99

Medium (100 -500) 94 0.44 0.15-1.28 0.13

High (> 500) 337 1.00 Ref -

Breed type LYD 388 0.00 0.00 0.99

Landrace, Duroc, Large 
White (LDLW) 

10 0.21 0.09 – 0.51 0.99

Landrace, Duroc (LD) 38 1.00 Ref -

BOD <50 ppm 391 0.00 0.00 0.99

>50 ppm 50 1.00 Ref -

Presence of a buffer zone Present 250 1.00 Ref -

No buffer zone 191 4.22 1.93 – 9.24 <0.001*

MyGap certification status Certified 14 0.00 0.00 0.99

Not certified 427 1.00 Ref -
Notes: OR = odds ratio; 95 % CI = 95 % confidence interval; Ref = Reference; * = Statistically significant
ppm = parts per million

Multivariate Logistic Regression Results

Results from the final multivariate logistic 
regression model (Table 3) showed that there is 
a significant association between the occurrence 
of ASF outbreaks and farms located in states with 
high pig populations (p-value < 0.001, OR=44.09, 
95 % CI 10.98 -177.13) and the season at the farm 
during the outbreak period (p-value = 0.002, 
OR=0.12, 95 % CI 0.03 -0.45).  In other words, there 
is an increasing risk of ASF outbreaks in domestic 
pig farms with increasing pig population, while 

the risk for ASF outbreaks decreases during the 
Northeast monsoon. The Hosmer-Lemeshow 
statistics indicate the final model achieved a 
good fit (p-value = 0.07) with a good AUC of 
0.901. No multicollinearity was found among the 
variables in the multivariate regression model 
(VIF < 5 and tolerance value > 0.2). The final model  
was statistically significant (X2 (5) = 15.89, p-value 
< 0.05) and explained 67.2 % (Nagelkerke R2) of 
the variance in the occurrence of ASF outbreaks, 
and correctly classified 97.5 % of cases. 

Table 3. Results from the final multivariate logistic regression analysis

Variable Subgroup OR 95 % CI p-value

Season at the farm during the outbreak 
period 

Northeast monsoon 0.12 0.03 – 0.45 0.002*

First inter-monsoonal Ref - -
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Location of farm based on the population 
of pigs
 

Highly populated 
region

44.09 10.98 
-177.13

<0.001*

Lowly populated 
region

 Ref  -  -

Presence of a buffer zone
 

Present Ref - -

No buffer zone  1.03  0.30 – 3.53  0.97

Farm scale (based on SPP)
 

Small (SPP < 2,000) 0.73  0.18 – 2.98 0.66

Medium 
(2,000 < SPP < 10,000)

0.00 0.00 0.99

Large (SPP > 10,000) Ref   - - 
*Notes: OR = odds ratio; CI = confidence interval; Ref = Reference; * = Statistically significant; SPP = standing pig population 

DISCUSSION

The significant farm characteristics associated 
with the occurrence of ASF outbreaks in domestic 
pig farms identified in this study include season 
during the outbreak period, location of the farm 
based on the population of pigs, buffer zone, 
and farm scale. 

The significant association between the 
seasons at the farm during the outbreak period 
with the occurrence of ASF outbreaks in this 
study may raise a hypothesis concerning possible 
climatic risk factors for the introduction of ASFV 
into pig herds and ASF tenacity in the field 
environment at different climate conditions could 
be further researched. This is because the ASFV 
virus may survive for long periods on a variety 
of organic matrices and in the environment, and 
the association of environmental temperature 
and climate has been identified as an important 
factor for the spread of ASFV (Dixon et al., 2020). A 
study by Ungur et al. (2022) discovered that areas 
with an average spring temperature of 10–14 °C 
had higher numbers of both ASF-affected pigs 
and outbreaks. Meanwhile, Fischer et al. (2020) 
reported that cooler temperatures during the 
rainy season may increase the survivability of 
ASFV in the environment which leads to a greater 

possibility of virus transmission. Studies have 
also shown that slower decomposition rates 
of ASF-infected wild boar carcasses in colder 
conditions have an impact on ASFV persistence 
in parts of Eastern Europe (O’Neill et al., 2020; 
Podgórski & Smietanka, 2018). Further to that, 
even though ASFV could not be isolated from 
wild boar carcasses from different stages of 
decomposition, Zani et al. (2020) speculated that 
climatic variations might have an impact on the 
persistence of infectious viruses in the carcasses 
of wild boars. In this study, it was observed that 
ASF outbreaks occurred during the northeast 
monsoon and first inter-monsoonal period which 
usually have higher amounts and frequency of 
rainfall compared to the southwest monsoon. 
In Malaysia, the northeast monsoon begins in 
November and lasts until February followed by 
the first inter-monsoonal period from March 
to May (Tan, 2018).  The final regression model 
demonstrated that the risk for ASF occurrence 
in domestic pigs decreases during the northeast 
monsoon season. The finding could be 
attributable to many other related factors which 
present during the period despite the rainfall 
and environmental temperature. Production and 
other activities carried out on the farm during the 
period may influence the risk of ASF occurrence.  
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In Southwest Nigeria, it was found that the risk 
of ASF occurrence was higher during the rainy 
season due to the stock replacement activity 
from external farms (Awosanya et al., 2015).

The significant association between ASF 
occurrence with the buffer zone in the farm is 
consistent with findings from previous studies 
by Fasina et al. (2012) and Boklund et al. (2020), 
which reported that past ASF outbreak in a farm 
and the existence of an infected pig farm nearby 
as a risk factor to enhance the likelihood of an 
ASF outbreak. In this study, it was observed that 
a minimum of 200-meter buffer zone between 
the farm and other amenities were absent in 26 
(74.28 %) of the ASF-infected farms which could 
be one of the reasons for the rapid transmission 
of African swine fever virus (ASFV) among the 
infected farms. Even though ASFV is transmitted 
primarily by direct contact with infected pigs, 
transmission may also occur through aerosol 
routes over short distances (Bellini et al., 2016). 
This has been proved by a study by Olesen et 
al. (2017) which identified a Polish ASFV isolate 
(POL/2015/Podlaskie/Lindholm) to be highly 
infectious and may be transmitted among 
domestic pigs through direct contact or aerosol.

Meanwhile, a significant association 
between ASF occurrence with the farm scale is 
consistent with findings by several studies which 
have reported that disease outbreaks are more 
likely to occur on smaller farms which are often 
regarded to have low biosecurity level ineffective 
physical or disinfection barriers to prevent the 
introduction of disease (Sánchez-Cordón et al., 
2018; Cwynar et al., 2019; Boklund et al., 2020; 
Nurmoja et al., 2020, You et al., 2021). In this 
study, 29 (82.85 %) of the ASF outbreaks occurred 
in small-scale farms (SPP < 2,000). As this study 
is limited by incomplete information on the 
biosecurity level of the farms, the contribution 
of the biosecurity levels at the small farm scale 

to the ASF outbreaks could not be determined.  
Farms located in states with high pig 

populations were identified to be most 
significantly associated with the occurrence of 
ASF in domestic pig farms. This finding agrees 
with the earlier studies on the risk factor for 
intraregional ASFV transmission. Huang et 
al. (2017) proved that there was a positive 
correlation between regional ASF occurrence 
and pig density in West Africa. The size of the 
pig population was identified as the significant 
risk factor for the presence of ASFV infection 
among domestic pigs in Samara Region, Russian 
Federation (Glazunova et al., 2021). Similarly, 
Viltrop et al. (2021) reported that larger herds 
were more likely to be ASF outbreak herds 
compared to smaller herds due to increased pig 
density and movement of pigs. Farms located in 
the highly populated areas have a higher risk of 
acquiring ASF infection as the high population 
of pigs promotes higher interaction between 
pig farms and their related premises which 
may facilitate ASFV transmission, especially 
among small-scale farms with low biosecurity 
levels (Korennoy et al., 2014; Vergne et al., 2016). 
Human activities which include the movement 
of pigs and pig products, and infected pigs, as 
well as poor biosecurity practices were identified 
as the greatest risk factor linked to ASF outbreaks 
in domestic pigs in Russia, Nigeria, Uganda, 
and Asia (Glazunova et al., 2021; (Olugasa & 
Ijagbone, 2007); Mighell & Ward, 2021). A similar 
observation was also reported during the Nipah 
virus outbreak in Malaysia in 1998 whereby the 
spread of the virus was caused by the movement 
of infected pigs from the states in the north to 
the south which had more intensive pig farms 
with higher pig population and higher density 
of human population (Epstein et al., 2006). 

No conclusion can be made with regards to 
the role of biosecurity and the movement of pigs 
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or vehicles into the farms with the occurrence 
of ASF outbreaks due to lack of data on the 
biosecurity practices in the farms and movement 
of pigs and pig products in this study. Data on 
the MyGap certification status in this study was 
not relevant as an indicator for the biosecurity 
level of a farm since the scheme is mandatory 
only for export farms which are adopted by only 
3.2 % of pig farms in Peninsular Malaysia on a 
voluntary basis. 

CONCLUSIONS

In conclusion, this study highlights that the 
location of farms in highly populated regions 
and the season during the outbreak period were 
significantly associated with the occurrence 
of ASF outbreaks in domestic pig farms in 
Peninsular Malaysia. In addition, this study also 
reflects that factors which may have caused 
ASF introduction to the outbreak farms may be 
closely associated with human activities which 
include poor biosecurity practices, movement 
of pigs and pig products, and close interaction 
between farms or premises. These activities may 
facilitate ASFV transmission through infected 
pigs, contaminated products, and infected 
fomites such as vehicles, human clothes, shoes, 
and equipment during contact between the 
farms. This highlights the importance of the need 
for further studies to identify factors related to 
climate conditions, biosecurity practices and 
movement of pigs, pig products and vehicles 
as this would help determine the exact disease-
causing factor among farms located in highly 
populated states or areas for an effective 
preventive strategy. Despite the limitations, 
this study provides an important insight that 
farms located in states with high pig populations 
and the season during the outbreak period is 
significantly associated with the introduction 
of the ASFV into domestic pig farms.
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