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A B S T R A C T

The objectives of this study were to characterize the biosecurity practices implemented on pig farms in Hong 
Kong and determine the between-farm prevalence of economically important viral pathogens. All active pig 
farms in Hong Kong (n = 40) were invited to participate in an interview-based survey using a Biocheck-UGent™ 
questionnaire to evaluate their biosecurity practices. Pen-level oral fluid samples were collected by cotton ropes 
to detect six target viral pathogens using RT-PCR: porcine reproductive and respiratory virus (PRRSV), porcine 
circovirus type-2 (PCV-2), swine influenza virus (SIV), porcine delta-coronavirus (PDCoV), porcine epidemic 
diarrhea virus (PEDV), and transmissible gastroenteritis virus (TGEV). Eighteen farms (45 %) accepted our 
invitation and participated in this study. Biosecurity practices were found to be inadequate in many areas, with 
an average overall score of 50.1 ± 9.4 (mean ± SD). The study farms scored higher for external biosecurity 
(56.4 ± 8.6) than internal biosecurity practices (43.9 ± 12.1). Among external biosecurity subcategories, 
breeding pig and semen purchase scored highest (93.2), while visitors and farmworkers scored lowest (23.5). In 
internal biosecurity, the disease management subcategory received the highest score (66.7). Only two external 
biosecurity subcategories, breeding pig and semen purchase (93.2), and farm location (70) exceeded the global 
average scores. Key deficiencies were identified in biosecurity protocols for visitors and workers, hygiene 
standards for feed, water, and equipment supplies, and measures to prevent disease transmission between 
compartments (farrowing, nursery, and finishing units). Over 90 % of participating farms implemented vacci
nation programs for PRRSV, PCV-2, porcine parvovirus (PPV), pseudorabies virus (PRV), and classical swine 
fever virus (CSFV) while no farms vaccinated against SIV, and vaccination for swine coronaviruses was sporadic. 
All target viruses except TGEV were detected at the farm level. The between-farm prevalences among the 18 
study farms were PRRSV-2 (94.4 %), PRRSV-1 (38.9 %), PCV-2 (83.3 %), SIV (55.6 %), PDCoV (16.7 %), and 
PEDV (5.6 %). We provided comprehensive baseline information on the biosecurity practices of pig farms for the 
first time in Hong Kong. We identified critical areas of biosecurity for improvement and offered tailored rec
ommendations to help the producers implement more effective prevention and control strategies for infectious 
diseases within and between farms.
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1. Introduction

Pig farming plays an important role in the economy and food security 
in most Southeast and East Asian countries where pork is the predomi
nant source of animal protein (Woonwong et al., 2020; Wang and Li, 
2024). However, the pig industry faces significant challenges due to the 
high prevalence of infectious diseases, especially those caused by viruses 
(Haile et al., 2025; Qiu et al., 2020). Over the past few decades, several 
infectious diseases, including African swine fever (ASF), porcine repro
ductive and respiratory syndrome (PRRS), foot-and-mouth disease 
(FMD), porcine circovirus type 2 (PCV-2), and classical swine fever 
(CSF) have led to substantial production losses and trade disruptions, 
adversely affecting food security across the region (Kedkovid et al., 
2020; Lee et al., 2020; Ma et al., 2021). Swine influenza virus (SIV) 
further compounds these challenges, posing a threat to both the pig 
production industry and public health (Choi et al., 2013). Its extensive 
genetic diversity, delineated by country-specific clades and frequent 
cross-border transmissions, complicates disease management efforts in 
the region (Saito et al., 2022). Moreover, the emergence and 
re-emergence of swine coronaviruses, including porcine epidemic diar
rhoea virus (PEDV), swine acute diarrhoea syndrome coronavirus 
(SADS-CoV), porcine delta coronavirus (PDCoV), and transmissible 
gastroenteritis virus (TGEV) have exacerbated the situation, causing 
severe gastrointestinal diseases and high mortality rates in neonatal 
piglets (Mai et al., 2020; Thakor et al., 2022).

Pig production in Asia, particularly in Southeast Asia, is predomi
nantly smallholder-based, often with inadequate biosecurity practices 
and extensive animal movements and trade of animal products, which 
facilitates the introduction and rapid spread of pathogens; therefore, 
infectious disease prevention and control remain a significant challenge 
(Woonwong et al., 2020; Ito et al., 2023). Biosecurity is a strategic and 
integrated approach for analyzing and managing the risks posed to 
human, animal, and plant health and associated environmental risks 
(Food and Agriculture Organization of the United Nations., 2023). It 
includes all sets of preventive measures aimed at reducing the risk of 
pathogen introduction (bio-exclusion) into the farm and limiting the 
spread of pathogens within farm premises (bio-containment) (Dewulf 
and Immerseel, 2019). Improved biosecurity practices can reduce the 
incidence of diseases, enhance farm productivity, decrease reliance on 
antibiotics, and contribute to the overall sustainability of livestock en
terprises (Postma et al., 2016; Alarcón et al., 2021; Dhaka et al., 2023).

In Hong Kong, local pig farms are family-owned enterprises, mainly 
located in the New Territories (Chan, 2020). These farms primarily 
operate under a farrow-to-finish production system (Rosanowski et al., 
2023) and focus on supplying fresh pork to meet the domestic demand. 
On average, they provide approximately 310 pigs daily for slaughter, 
accounting for 12 % of live pigs consumed in Hong Kong (Agriculture 
Fisheries and Conservation Department., 2024a). Recent studies have 
highlighted the occurrences of several diseases, including PRRS, PCV-2 
infection, and ASF, which pose substantial economic and animal welfare 
challenges for pig farms in Hong Kong (Flay et al., 2022; Go et al., 2023). 
There have been no reported cases of CSF in Hong Kong since 2005 
(World Animal Health Information System., 2023).

The Agriculture, Fisheries, and Conservation Department (AFCD) of 
the Government of the Hong Kong Special Administrative Region is 
actively promoting the implementation and strict adherence to bio
security measures for local pig farms to effectively mitigate the risk of 
disease outbreaks, such as African Swine Fever (ASF) (Agriculture 
Fisheries and Conservation Department., 2024c). However, the status of 
biosecurity practices and health and disease conditions on these farms is 
mostly unknown. This hinders the formulation of targeted action plans 
to address specific shortcomings, highlighting the urgent need for 
research to enhance biosecurity and health management practices, 
thereby improving the productivity and sustainability of the pig sector. 
The objectives of this study were to: 1) characterize the biosecurity 
practices implemented on pig farms in Hong Kong and 2) determine the 

between-farm prevalences of six viral pathogens, including PRRSV, 
PCV-2, SIV, PEDV, PDCoV, and TGEV.

2. Material and methods

2.1. Study design

Our target population included all registered active pig farms in 
Hong Kong (n = 40). A cross-sectional study was conducted, and the 
data collection consisted of two parts: 1) a questionnaire-based inter
view asking about biosecurity practices; all 40 active pig farms in Hong 
Kong were invited to participate; 2) the collection of oral fluid samples 
from the farms agreeing to participate in our study to assess the 
between-farm prevalence of a panel of the six targeted viruses (PRRSV, 
SIV, PCV-2, PEDV, PDCoV, and TGEV). For enrollment, pig producers 
were identified using the list of farms obtained from the official records 
maintained by the Agriculture, Fisheries, and Conservation Department 
(AFCD) of the Government of the Hong Kong Special Administration 
Region. Producers were initially approached during their monthly as
sociation meeting organized by the Hong Kong SAR Livestock Industry 
Association (HKLIA) in November 2022. At this meeting, research team 
members provided producers with a detailed explanation of the study 
objectives, commitments to participation, and expected outcomes and 
benefits. After this introductory meeting, each producer was individu
ally contacted by phone to obtain their informed consent verbally to 
participate in our study. The study protocol was evaluated and approved 
by the Research Ethics Sub-Committee of City University of Hong Kong 
(Reference Number: A-0805).

2.2. Biosecurity questionnaire

To assess biosecurity practices, the standardized Biocheck-UGent™ 
questionnaire protocol developed by Ghent University was used in our 
face-to-face interviews (Laanen et al., 2010). The Biocheck-UGent™ 
questionnaire is publicly accessible at www.biocheck.ugent.be in mul
tiple languages, including Chinese. Its scoring system for pig farms 
consists of 109 questions, divided into six subcategories for external 
biosecurity and six subcategories for internal biosecurity. The scoring 
system and weight factors applied to each question and subcategory of 
the questionnaire are presented by Laanen et al. (2013). Briefly, each 
question was assigned a score between 0 (measure not implemented at 
all) and 1 (measure fully implemented). This score was then multiplied 
by a weight factor reflecting the importance of the biosecurity measure. 
The weighted scores for the relevant subcategories were summed to 
calculate the external or internal biosecurity score, resulting in scores 
ranging from 0 (complete absence of biosecurity) to 100 (assumed 
perfect biosecurity). The overall biosecurity score was the mean of the 
internal and external biosecurity scores (Laanen et al., 2013; Gelaude 
et al., 2014). Minor adjustments were made to the response options for 
two questions in the original Biocheck-UGent™ questionnaire (high
lighted in Supplementary Material 1). This modification was necessary 
because the interviewer would have encountered difficulties interpret
ing and applying the original response options within the context of pig 
farming in Hong Kong.

To assess the farm-level vaccine coverage, our team designed 17 
vaccination-related questions and added them to the interviews 
(Supplementary Material 2). The veterinary assistant conducting the 
interviews received training before the study to ensure a thorough un
derstanding of each question. All interviews were conducted face-to-face 
on the farms, each lasting approximately 45–60 min.

2.3. Pen selection for oral fluid collection

To assess the presence of target viral pathogens, oral fluid samples 
were collected from two categories of pigs on each farm: weaners 
(piglets aged 28 days to 8 weeks) and growers (pigs aged 14–18 weeks). 
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Sampling was conducted on farms whose owners consented to partici
pate in our biosecurity interviews. Individual pens were used as the 
sampling unit for collecting oral fluids, and a total of 60 pens were 
selected, comprising 39 weaner pens (two or three pens per farm) and 21 
grower pens (one or two pens per farm).

The number of pens required to detect at least one positive case of 
PRRSV or PCV-2 was calculated using Epitools (https://epitools.ausvet. 
com.au/ppfreedom), following the method described by Christensen 
and Gardner (2000). The estimated peak prevalence of PRRSV at 8 
weeks of age was estimated at 32.1 % (20.8–45.0 %), while the peak 
prevalence of PCV-2 at 16 weeks of age was estimated at 41 % 
(30.0–55.0 %) on Hong Kong pig farms in a previous study (Flay et al., 
2022). For sample size calculation, the design prevalence for PRRSV and 
PCV-2 was set at 20 % and 30 %, respectively. The pooled sensitivity of 
RT-PCR for PRRSV and PCV-2 were assumed to be 98 % (88–100 %) and 
100 % (96–100 %), respectively, based on a previous report by 
Henao-Diaz et al. (2020). To ensure robust estimates, the lower bounds 
of the sensitivity intervals (88 % for PRRSV and 96 % for PCV-2) were 
used in our calculations, with test specificity assumed to be 100 % for 
both pathogens. Upon arrival at each study farm, active weaner and 
grower pens, as well as barns, were enumerated, and the average 
number of pigs per pen was estimated to be 29 for weaners and 30 for 
growers. Using these parameters, the required sample size was calcu
lated to achieve a 95 % confidence level (desired cluster sensitivity), 
ensuring that at least one positive pen if the disease was present at or 
above the level of design prevalence.

Once the required number of pens per farm was determined, sam
pling adhered to the following conditions. When the number of barns 
with weaner or grower pens exceeded the number of pens required for 
sampling, one pen per barn was randomly selected (i.e., a simple random 
sampling by assigning numbers to each pen). Conversely, when the 
number of barns was fewer than the required number of pens, a pro
portional stratified random sampling was applied, where the number of 
pens sampled per barn was proportional to the total pens available, and 
pens were randomly selected within each barn. Detailed information 
regarding the number of available and sampled pens, along with the 
estimated average number of pigs per pen for each farm, is provided in 
Table S1 in the Supplementary materials.

2.4. Oral fluid sample collection

Pen-level oral fluid samples were collected from weaner and grower 
pigs following a standardized procedure described by Prickett et al. 
(2008b). Briefly, within each selected pen, two cotton ropes were 
positioned at the shoulder height of the pigs within each selected pen. 
The ropes were securely fastened to the vertical bars on the side of the 
pen in a clean area and left in place for 30 min. Afterward, the wet 
portion of each rope was placed into a designated plastic bag, and oral 
fluids were mechanically extracted by wringing the wet parts. Ropes 
from the same pen were pooled in a single plastic bag, and the extraction 
product was transferred into 50 mL centrifuge tubes and transported in 
an ice box to the diagnostic laboratory at City University of Hong Kong 
for nucleic acid extraction and RT-PCR testing.

2.5. RNA/DNA extraction and RT-qPCR

Oral fluid samples were pre-treated by pre-centrifugation at 15,000 
xg for 15 min at 4 ◦C, following the method adopted Gibert et al. (2017). 
Subsequently, viral RNA/DNA extraction was performed using the 
MagMAX™ Pathogen RNA/DNA Kit (Applied Biosystems™), within 
24 h following the manufacturer’s instructions.

Detection of PRRSV from the extracted nucleic acid was done using 
VetMAX™ PRRSV EU & NA 2.0 commercial Kit (Applied Biosystems, 
CA, USA) according to the manufacturer’s instructions on Quant Studio 
7 Pro Real-Time PCR. The test was done in 20 µl of reaction volume 
containing 12 μl of 3-Mix PRRS EU/NA 2.0 and 8 µl of the extracted 

nucleic acid and run at 50◦C for 5 min and 95◦C for 10 min followed by 
40 cycles of 95◦C for 15 seconds, and 60◦C for 1 min. Positive (4a – EPC 
PRRS EU/NA 2.0, from the kit) and negative controls were included in 
each run. Each reaction was duplicated and considered positive if the 
cycle threshold (Ct) value was obtained below 40.

Porcine circovirus type 2 (PCV2) was detected using VetMAX™ 
Porcine PCV2 Quant Kit (Applied Biosystems, CA, USA). The real-time 
PCR reaction volume was 25 μL containing 20 µl 3 - Mix QPCV2 and 
5 µl sample. A positive (PC QPCV2 from the kit) and negative (nuclease- 
free water) control were used in each reaction. The reaction was run on 
Quant Studio 7 Pro Real-Time PCR 50◦C for 2 min, 95◦C for 10 min, 
followed by 95◦C for 15 s, 60◦C for 1 min for 45 cycles, and each test was 
conducted in duplicate reactions. A cycle threshold (Ct) value below 37, 
between 37 and 40, and above 40 was considered as PCV2 detected, 
suspected, and undetected, respectively.

To detect the swine influenza virus, MAX™-Gold SIV detection kit 
(Life Technologies, TX, USA) was used. Briefly, the reaction was done in 
25 µl, consisting of 12.5 µl of 2X Multiplex RT-PCR Buffer, 2.5 µL 
Multiplex RT-PCR Enzyme Mix, 1 µl influenza virus primer probe mix, 
1 µl Nuclease-free Water, and 8 µl of the test sample. Positive and 
negative controls were included in each reaction. The reaction was run 
at 48 ◦C for 10 min, 95◦C for 10 min, followed by 95◦C for 15 s, and 60◦C 
for 45 s for 40 cycles. Ct values below 38, between 38 and 40, and above 
40 were considered positive, suspected, and undetected, respectively.

The oral fluid samples were also tested for three swine coronaviruses, 
porcine epidemic diarrhea virus (PEDV), transmissible gastroenteritis 
coronavirus (TGEV), and porcine delta coronavirus (PDCoV), using 
VetMAX™ PEDV/TGEV/PDCoV Ki (Applied Biosystems, CA, USA). This 
multiplex PCR was run at 20 µl of reaction volume consisting of 5 µl 
TaqMan® Fast Virus 1-Step Master Mix, 1 µl VetMAX™ PEDV/TGEV/ 
PDCoV primer probe mix, 6 µl of nuclease-free water, and 8 µl of sample 
nucleic acid according to the manufacturer’s instructions protocol. The 
reaction was run on Quant Studio 7 Pro RT PCR at 48◦C for 10 min, 95◦C 
for 10 min, followed by 45◦C for 15 s and 60

◦

C for 45 s. The reaction was 
considered valid if the PEDV, TGEV, and PDCoV Ct-values were 
22.5–26.5, 24.4–28.4, and 24.0–28.0, respectively.

2.6. Data analysis

The questionnaire responses and laboratory results were entered into 
a Microsoft Access 2007® database. All statistical analyses were con
ducted using Stata v18 (Stata Corp LLC, College Station, TX, USA). 
Summary statistics were calculated to describe biosecurity scores, 
vaccination coverage, and the between-farm prevalences of target vi
ruses across the study farms. The normality of the distributions of 
calculated biosecurity scores was evaluated using the Shapiro-Wilk test.

The PCR test results were reported as negative (no viral detection) or 
positive for each target virus based on the respective Ct-value cut points 
established by the manufacturers of the kits. A pen was considered 
positive for a virus if the pooled oral fluid sample collected from that pen 
returned a positive PCR result. A farm was classified as positive for any 
of the six target viruses if at least one of the pen-level samples from 
either the weaner or grower cohorts tested positive. To assess the po
tential associations between biosecurity practices and viral infection 
levels on the study farms, the average scores of biosecurity practices 
were compared between positive and negative farms to SIV or PRRSV-1 
(as the only possible ones) using two-sample T-tests with the level of 
significance set at 0.05.

3. Results

3.1. Farm characteristics

Of all 40 active pig farms in Hong Kong invited, 18 producers 
accepted and participated in our study. Data collection from these farms 
was conducted between November 2022 and May 2023. All 
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participating farms operated under a farrow-to-finish production sys
tem, where piglets were born and raised on the farm until they reached 
the desired market weight (of approximately 120 kg). A summary of 
farm characteristics and procedure demographics is presented in 
Table 1. Sixteen of the 18 farms (89 %) reported the presence of other 
animal species on their premises, with dogs on 14 and cats on 13 farms.

The producers had a median of 18 years of farming experience, 
ranging from 2 to 50 years. The study farms employed a median of four 
farmworkers to manage their herds. Herd size across the study farms 
varied between 153 and 2533 pigs, with a median of 841.

3.2. Biosecurity level and vaccination coverage

The distributions of internal, external, and overall biosecurity scores 
for the 18 study farms and their respective subcategories are presented 
in Table 2. The average external, internal, and overall biosecurity scores 
were 56.4 (SD = 8.6) and 43.9 (SD = 12.1), 50.1 (SD = 9.4), respec
tively. The variation in the external and internal biosecurity scores 
across the 18 study farms is illustrated in Fig. 1. As shown in the spider 
plot, most farms (16/18) had higher external biosecurity scores than 
their internal biosecurity scores. Among the external biosecurity sub
categories, the highest score was recorded for the purchase of breeding 
pigs, and semen (93.2), followed by the farm location subcategory (70). 
In contrast, lower scores were observed for visitors and farmworkers 
(23.5), feed, water, and equipment supply (29.4), and vermin and bird 
control (49).

For internal biosecurity, higher average scores were achieved in the 
disease management (66.7) and cleaning and disinfection (53.2) sub
categories. However, several internal biosecurity subcategories 
demonstrated low scores, including the nursery unit (34.9), farrowing 
and suckling period (37.7), and finishing unit (38.1). The frequency 
distribution of responses provided by the producers for each question 
(biosecurity measure) is fully presented in Tables S2 and S3.

The average biosecurity scores of our study farms are compared with 
the available global averages in Fig. 2. Overall, our farms exhibited 
lower scores in nearly all external and internal biosecurity practices 
compared to the global benchmarks (Ghent University, 2025), except for 
two external biosecurity subcategories: 1) the purchase of breeding pigs, 
piglets, and semen, and 2) farm locations, in which study farms had 
slightly higher average scores compared to the global values (Fig. 2a).

The vaccination practices implemented by the study farms over the 
past two years are summarized in Table S4. All 18 farms reported 
vaccinating their pigs against PCV-2. Additionally, 17 farms adminis
tered vaccines against PPV, CSFV, and PRV. Vaccination for PRRSV and 
FMDV was reported by 16 and 15 farms, respectively. None of the farms 
reported vaccinating against SIV, Brucella suis, or PDCoV.

3.3. Viral pathogens

Oral fluid samples were collected from 60 pens, comprising 39 
weaner pens and 21 grower pens. However, the ropes used for sample 

collection were inadequately saturated with fluids in two of the weaner 
pens due to the reluctance of piglets to chew. As a result, 58 samples 
were tested for the detection of six target viruses using RT-qPCR. The 
farm- and pen-level frequency distribution of the detection of these vi
ruses and observed co-infection patterns are summarized in Table 3. 
Porcine reproductive and respiratory syndrome virus type 2 (PRRSV-2) 
was the most prevalent, detected in 94.4 % of farms, followed by PCV-2, 
found in 83.3 % of the farms. The swine influenza virus (SIV) had a 
between-farm prevalence of 55.6 %, while PRRSV-1 was observed in 
38.9 % of the farms. PEDV and PDCoV were detected only on two and 
one farms, respectively, and TGEV was not detected at all. Co-infection 
with PRRSV-2 and PCV-2 was the most prevalent, detected in 77.8 % of 
the study farms. Furthermore, triple co-infections involving PRRSV-2, 
PCV-2, and SIV were notably common, occurring in 50 % of the study 
farms (Table 3).

Table 4 presents a comparative analysis of internal, external, and 
overall biosecurity scores between the farms testing positive and 

Table 1 
General characteristics of the 18 study pig farms in Hong Kong.

Variable Min 1st 

quartile
Median 3rd 

quartile
Max

Number of sows 40 105 165 247.5 400
Number of boars 2 6 7.5 10 16
Number of weaners 40 78 210 400 1000
Number of finishers 50 105 335 675 1200
Herd sizea 153 494 841 1171 2533
Years of farming 

experience
2 9 18 32 50

Number of farmworkers 1 3 4 6 11

a Herd size was defined as the total number of pigs present on the farm during 
our data collection.

Table 2 
External, internal, and overall biosecurity scores of the 18 study pig farms in 
Hong Kong by each of the 12 subcategories.

Biosecurity subcategories Mean SD Median Min Max

External 56.4 8.6 53 43.5 76
Purchase of breeding pigs, piglets, 

and semen
93.2 6.2 93.8 83.3 100

Transport of animals, removal of 
carcasses, and Manure

57.4 13.5 53.3 34.8 87

Feed, water, and equipment supply 29.4 18.4 30 0 66.7
Visitors and farmworkers 23.5 25.5 17.6 0 70.6
Vermin and bird control 49 20.9 50 0 72.7
Location of the farm 70 16.1 65 40 100
Internal 43.9 12.1 44 24 65
Disease management 66.7 26.6 70 20 100
Farrowing and suckling period 37.7 18.1 39.3 0 71.4
Nursery unit 34.9 15.5 35.7 14.3 57.1
Finishing unit 38.1 18.7 42.9 0 71.4
Measures between compartments 

and use of equipment
39.5 16.4 37.5 10.7 71.4

Cleaning and disinfection 53.2 18.5 60 27.5 85
Overall 50.1 9.4 51.6 34 67

Fig. 1. Spider plot of external (blue line) and internal (red line) biosecurity 
scores across the 18 study pig farms in Hong Kong (labeled as F1-F18).
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negative for PRRSV-1 and SIV. There were no statistically significant 
associations between any of the average biosecurity scores (internal, 
external, or overall) and the detection of PRRSV-1 or SIV on the study 
farms (All P-values > 0.05; Table 4).

4. Discussion

This is the first study to describe the prevailing biosecurity practices 
on most pig farms in Hong Kong. Our findings revealed that biosecurity 
practices on the study farms were generally inadequate to effectively 
mitigate the risk of disease introduction and spread, highlighting sub
stantial room for improvement. Better biosecurity practices have been 
associated with improved production parameters, including lower 
mortality rates and higher average daily gain (Rodrigues da Costa et al., 
2019). Higher biosecurity levels are also linked to reduced disease 
incidence and antimicrobial use (Postma et al., 2016).

In our study, the average external biosecurity score (56.4) was higher 
than the internal biosecurity score (43.9). This observation aligns with a 

recent study of the Serbian pig farms by Kureljusic et al. (2024) that 
reported a higher external biosecurity score (75.6) compared to internal 
biosecurity (54.9) using the same scoring system. In contrast, Cuc et al. 
(2020) reported similar scores for external (53.7) and internal bio
security (55.5) in the Vietnamese pig herds. Compared to the global 
average scores, our farms exhibited lower scores for all internal and 
most external biosecurity practices, highlighting an urgent need for 
improving biosecurity practices to reduce the risk of disease introduc
tion and spread within pig herds.

Within the external biosecurity subcategory, our study revealed high 
scores for the purchase of breeding pigs and semen (93.2) and farm lo
cations (70) compared to global benchmarks. The high score for the 
purchase of breeding pigs and semen could be attributed to the stringent 
local health regulations governing the importation of breeding pig stock 
(Agriculture Fisheries and Conservation Department., 2024b). Further
more, producers demonstrated a high degree of diligence in imple
menting biosecurity practices, such as quarantine newly introduced 
breeding pigs, avoiding the purchase of piglets and semen from external 

Fig. 2. Comparison of the average biosecurity scores of 18 study pig farms in Hong Kong (grey bars) with the global average scores (black bars) under external (Panel 
a) and internal (Panel b) biosecurity subcategories.
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sources, reducing the annual frequency of breeding pig deliveries, and 
purchasing pigs and semen from the same suppliers and herd health/
semen sanitation verified farms.

The farm location has been widely recognized as a critical determi
nant of biosecurity and animal health due to its significant influence on 
the risk of disease introduction (Filippitzi et al., 2018; Ernholm et al., 
2023). The relatively high score for farm location observed in our study 
is likely attributable to specific characteristics of the study farms. 
Sixty-one percent of the farms were located in areas with low pig density 
(<300 pigs/km²), and none reported manure spreading from other pig 
farms within a 500-meter radius. Moreover, nearly all farms had fencing 
systems to prevent the intrusion of wild boars and other animals, yet 
wild boars were spotted on 67 % of the farms. As wild boars act as 
reservoirs of several swine infectious diseases, like ASF, their presence 
on or near most farms poses a significant biosecurity risk (Backhans 
et al., 2015).

The visitors and farmworkers subcategory received the lowest score 
(23.5) among all external and internal subcategories. Poor biosecurity 
practices, including lack of farm-specific clothing and footwear and 
enforced downtime periods, have been associated with an increased risk 
of infectious disease introduction (EFSA AHAW Panel (EFSA Panel on 
Animal Health and Welfare), 2014; Pitkin et al., 2010 ). In our study, 
only three farms required visitor registrations, six farms implemented 
mandatory downtime periods, and none maintained a strict separation 
between the clean and dirty areas of the farm hygiene lock. These 
findings highlighted the need for stronger visitor management protocols 
on pig farms in Hong Kong.

The study farms also demonstrated low biosecurity scores in feed, 
water, and equipment supply (29.4) and vermin and bird control (49) 
biosecurity subcategories. Water quality monitoring was insufficient, 
with only three farms conducting annual microbiological testing of their 
water sources. Proper water management is critical for improving pro
ductivity and reducing antibiotic use in pig farming (Edwards and 

Crabb, 2021). A recent pilot study conducted in Colombia demonstrated 
that regular cleaning of water pipes and using organic acids significantly 
improved productivity and delayed exposure to Salmonella spp. 
(Roldan-Henao et al., 2023). Additionally, 77.8 % of the study farms did 
not require feed suppliers to adhere to specific feed hygiene standards, 
despite feed and its ingredients being well-documented vectors for 
pathogens such as Salmonella, PEDV, and ASFV (Stewart et al., 2020; 
Niederwerder, 2021). Implementing audits of feed origin is a critical 
strategy to prevent the introduction of these infections into the herds 
(Alban et al., 2024).

Numerous studies have shown the role of pets, rodents, and wild 
birds in transmitting pathogens to and within pig farms (Backhans et al., 
2011; Truong et al., 2013). In our study, birds and pets had unrestricted 
access to 78 % and 38 % of farm stables, respectively. These findings 
highlighted the need for restricting animal access to the farms, such as 
installing effective barriers (grids) at the air inlets.

In the internal biosecurity category, disease management scored the 
highest (66.7), while the nursery unit subcategory recorded the lowest 
score (34.9). Despite all internal biosecurity subcategories falling below 
global benchmarks, the study farms showed good performance in 
cleaning and disinfection (53.2), closely matching the global average 
score of 56 (Ghent University, 2025). This achievement can be attrib
uted to the ongoing efforts of the Hong Kong SAR government in 
introducing cleaning and disinfection services for transport vehicles and 
two local slaughterhouses following the ASF outbreak in 2019. This 
initiative aimed to ensure compliance with standardized protocols after 
unloading and before departure, thereby reducing the risk of ASF and 
other infectious diseases (Agriculture Fisheries and Conservation 
Department., 2024c). Cleaning and disinfection at designated stations 
are identified as one of the most critical risk reduction strategies for 
infectious diseases (Gao et al., 2023).

Several factors can influence the implementation of biosecurity 
measures, including herd size, producer experience, regulatory 

Table 3 
Frequency distribution of farms and pens infected with six target viral pathogens tested by RT-qPCR on oral fluid samples collected from the 18 study pig farms in Hong 
Kong.

Pen-level infection (n ¼ 58)

Weaners (n ¼ 37) Growers (n ¼ 21) Between-farm prevalence (n ¼ 18)
Infection category Target Virus No. (%) No. (%) No. (%)

Single infection PRRSV− 1 9 (24.3) 5 (23.8) 7 (38.9)
PRRSV− 2 32 (86.5) 12 (57.1) 17 (94.4)
PCV− 2 29 (78.4) 18 (85.7) 15 (83.3)
SIV 17 (45.9) 7 (33.3) 10 (55.6)
PEDV 2 (5.4) 0 (0.0) 1 (5.6)
PDCoV 3 (8.1) 3 (14.3) 2 (11.1)
TGEV 0 (0) 0 (0) 0 (0)

Co-infection PRRSV− 1 + PCV− 2 9 (24.3) 5 (23.8) 7 (38.9)
PRRSV− 2 + PCV− 2 25 (67.6) 10 (47.6) 14 (77.8)
PRRSV− 1 + SIV 5 (13.5) 2 (9.5) 5 (27.8)
PRRSV− 2 + SIV 15 (40.5) 5 (23.8) 10 (55.6)
PCV− 2 + SIV 13 (35.1) 5 (28.6) 9 (50.0)
PRRSV− 1 + PCV− 2 + SIV 5 (13.5) 2 (9.5) 5 (27.8)
PRRSV− 2 + PCV− 2 + SIV 11 (29.7) 5 (23.8) 9 (50.0)

Table 4 
Comparison of internal, external, and overall biosecurity score averages between RT-PCR positive and negative study farms to Porcine reproductive and respiratory 
syndrome virus type 1 (PRRSV-1) and swine influenza virus (SIV).

Internal biosecurity External biosecurity Overall biosecurity

Viruses No. of farms Mean (SE) P-value Mean (SE) P-value Mean (SE) P-value

PRRSV¡1
Positive 7 45.6 (5.0) 0.657 56.6 (2.3) 0.922 51.1 (4.3) 0.750
Negative 11 42.8 (3.4) 56.2 (4.0) 49.5 (2.6)
SIV
Positive 10 45.9 (4.4) 0.423 54.0 (2.4) 0.215 49.9 (3.1) 0.937
Negative 8 41.3 (3.4) 59.3 (3.3) 50.3 (3.3)
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framework governing agricultural practices, age and condition of the 
facilities, as well as economic factors, such as the proportion of income 
allocated to biosecurity-related expenditures(Laanen et al., 2013; Wang 
et al., 2023; Food and Agriculture Organization of the United Nations, 
2010) . In Hong Kong, most pig farms are small, family-run operations 
that struggle with limited space and outdated infrastructure. Producers 
are often hesitant to invest in biosecurity infrastructure, likely due to its 
high operational costs and the uncertain prospects of the industry in 
Hong Kong (Chan, 2020; Chan and Enticott, 2023; USDA Foreign 
Agricultural Service., 2023). Furthermore, some producers operate on 
rented land, which may further discourage investment in biosecurity 
infrastructure due to the uncertainties around the rental agreement 
durations and doubt about the return of the investment. A recent study 
in Germany indicated that biosecurity practices, such as shoe hygiene 
protocols, were less frequently implemented in main and leased pig farm 
sites than in separately standing farm buildings (Klein et al., 2024). 
Addressing these challenges requires targeted interventions, such as 
securing land tenure and promoting the long-term economic benefits of 
biosecurity, to improve compliance and enhance disease control and 
prevention efforts.

In modern pig production, oral fluid sampling has emerged as a cost- 
effective and reliable method for monitoring important pathogens, 
including PRRSV, PCV-2, influenza A virus (IAV), Mycoplasma hyop
neumoniae (M. hyopneumoniae), and various swine coronaviruses 
(Prickett et al., 2008a; Hernández-García et al., 2017; Bjustrom-Kraft 
et al., 2018). In our study, oral fluid PCR testing revealed high 
between-farm prevalences for PRRSV-2 (94 %), PCV-2 (83 %), SIV 
(56 %), and PRRSV-1 (39 %). These findings were consistent with recent 
studies in Hong Kong and Mainland China, reflecting the persistent 
challenge of controlling these priority diseases (Flay et al., 2022; Wang 
et al., 2022).

Notably, co-infections with PRRSV, PCV-2, and SIV were detected on 
50 % of the farms, aligning with previous findings that multiple viral 
infections are common in pig herds and often result in more complex and 
severe clinical presentations than single infections (Saade et al., 2020). 
Furthermore, studies from China have shown that PRRSV is the pre
dominant virus involved in co-infections with other major pathogens, 
such as PCV-2 and CSFV, complicating diagnosis and practical disease 
management (Chen et al., 2019; Ma et al., 2021; Zhao et al., 2021).

Vaccination coverage among participating farms was high, with over 
83 % administering vaccines against major viral pathogens, including 
PCV-2, CSFV, PPV, FMD, PRRSV, and PRV. This widespread adoption 
underscores the strong commitment of producers to disease control and 
reflects good access to vaccines. Achieving high vaccination rates is 
crucial for establishing herd immunity and maintaining effective infec
tious disease control (Mancera Gracia et al., 2020). Nevertheless, the 
persistently high between-farm prevalence of PRRSV and PCV-2, despite 
extensive vaccination efforts, indicates that vaccination alone is insuf
ficient. Combining vaccination with robust biosecurity practices is 
critical to effectively preventing the introduction and spread of patho
gens (Lopez-Moreno et al., 2022).

Surprisingly, none of the studied farms had vaccinated against SIV in 
the past two years, despite its detection on 56 % of the farms. This 
highlights a gap in SIV prevention and indicates that the current bio
security practices on these farms are inadequate to stop SIV trans
mission. Implementing effective vaccination programs (Sandbulte et al., 
2015) together with enhanced biosecurity practices and routine sur
veillance is essential to reduce SIV infection and mitigate their potential 
risks to public health.

For swine coronaviruses, our study identified limited between-farm 
prevalences, with only one farm testing positive for PEDV and two for 
PDCoV, while none tested positive for TGEV. Vaccination against these 
viruses was sporadic, indicating that producers rely primarily on bio
security to prevent outbreaks. While the current practice has seemingly 
limited the prevalence of these pathogens in the studied farms, swine 
coronaviruses remain a significant concern due to their economic impact 

on the regional pig industry, particularly in China (Kong et al., 2024). 
Therefore, pig producers in Hong Kong should consider implementing 
strict biosecurity protocols and utilizing approved commercially avail
able vaccines to minimize the risk of associated losses.

Previous studies have shown that farms with higher biosecurity 
scores tend to have a lower prevalence of pathogens (Stadler et al., 
2024). However, this study did not observe any significant differences 
between the biosecurity scores and the between-farm prevalences of 
PRRSV-1 and SIV. This discrepancy may be attributed to several factors, 
including our limited number of farms (i.e., low statistical power). 
Among the target pathogens analysed, only PRRSV-1 and SIV had 
enough positive and negative farms to enable meaningful statistical 
comparisons.

While our study provides comprehensive insights into biosecurity 
practices and the status of important viral infections on pig farms in 
Hong Kong, it comes with some limitations that should be considered in 
interpreting the results. First, the collected biosecurity data relied on the 
participants’ responses, which might have introduced a degree of bias 
because they might not always disclose their actual compliance with 
biosecurity protocols or may inaccurately assess their practices. How
ever, we do not expect substantial bias from this source because of the 
small community of local producers and the familiarity of our ambula
tory team with the farms’ environments and producers.

The second limitation would be the generalizability of our findings to 
all pig farms in Hong Kong. Participation in our study was voluntary, 
which may have led to the exclusion of producers facing either more or 
less serious biosecurity challenges, potentially introducing selection bias 
and affecting the accuracy of biosecurity practice estimates. However, 
our study covered nearly half of the active farms in Hong Kong, which 
appeared representative in terms of production type, herd size, and 
outcomes, thereby likely reducing its magnitude and the potential level 
of concern about this source of bias.

The third limitation could be related to the timing of our data 
collection, which partially coincided with an ASF outbreak in Hong 
Kong. During this period, some producers might have reported more 
stringent biosecurity practices than their typical practices, potentially 
leading to a slight overestimation of compliance due to increased 
awareness and concerns about the outbreak. In addition, our original 
sampling protocol was affected by the availability of weaner and grower 
pens and the number of barns at each farm during the data collection 
period. While we did our best to represent the farms well by sampling a 
total of 60 pens across the 18 study farms, we might have still missed the 
viral infection statuses on some of the negative farms (i.e., a small 
possibility for underestimating the between-farm prevalences).

Lastly, while we intended to conduct a census and invited all active 
producers in Hong Kong to participate in our study (18/40 participated), 
the inevitable small number of farms did not allow for deeper statistical 
comparisons and exploring potential associations in a robust manner (e. 
g., between biosecurity practices and some other viral infection levels).

5. Conclusions

This study was the first comprehensive attempt to map the imple
mented biosecurity practices on pig farms in Hong Kong. Biosecurity 
practices were generally insufficient, with a more pronounced defi
ciency in the internal biosecurity measures. While two external bio
security areas, including breeding pig and semen purchase and farm 
location, were deemed satisfactory, all other biosecurity scores fell 
below the global average scores, hindering the ability of producers to 
prevent and control diseases effectively. The high between-farm prev
alences of some important viral pathogens, including PRRSV, PCV-2, 
and SIV, highlighted the urgent need for enhanced biosecurity in
terventions. Improvements should focus on restricting pets and birds 
from accessing stables, strengthening biosecurity protocols for farm 
visitors, raising hygiene standards for feed, water, and equipment sup
plies, and enhancing practices in specific compartments such as 
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farrowing, nursery, and finishing units. Targeted interventions should 
be directed toward farms with the most significant biosecurity deficits; 
providing tailored support and regular audits can help track progress 
and ensure sustainable improvements. Further research should priori
tize investigating viral characteristics and interactions on the farms to 
elucidate their mechanisms of spread and persistence despite the 
currently high adoption rate of most vaccines. Our established baseline 
farm information in this study provides valuable insights to all stake
holders involved in the local pig industry in Hong Kong, including 
producers, veterinarians, and government authorities, to work together 
on improving specified biosecurity practices and developing tailored 
disease management and mitigation strategies.
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