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Abstract

Introduction: An estimated 75% of emerging infections in humans are zoonotic, posing
a serious risk of future pandemics. The large livestock operations and dense human
population of Southeast Asia are considered a hot-spot for the generation of novel
viruses. The primary objective of this pilot study is to employ novel molecular
laboratory analyses to examine evidence that swine pathogens including porcine
circovirus 2, porcine rotaviruses, encephalomyocarditis virus, and porcine reproductive
and respiratory syndrome virus, may be aerosolized at the animal-interface and that
humans working in these environments may be carrying these viruses in their nasal
airways.

Methods: This study took place in Sarawak, Malaysia among 11 pig farms, two
slaughter houses, and three animal markets in June and July of 2017. Pig fecal, pig oral
secretion, bioaerosol, and worker nasal wash samples were collected and analyzed via
rRT-PCR for swine viruses. Workers were also surveyed for the nature of their
occupational exposure with animals and their perceptions and use of personal protective
equipment. Fisher’s Exact p-values were used to identify predictors of virus positivity
with an association at p<0.10, and odds ratios were generated.

Results: In all, 55 pig fecal, 49 pig oral or water, 21 bioaerosol, and 78 worker nasal wash
samples were collected across 16 sites. Of these, 21 (38.2%) pig fecal, 43 (87.8%) pig oral

or water, 3 (14.2%) bioaerosol, and 4 (5.1%) worker nasal wash samples were positive for
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PCV2 by rPCR. Porcine rotavirus C was detected in one (1.8%) pig fecal sample. No
porcine rotavirus A or encephalomyocarditis virus was detected. The SYBR-based rRT-
PCR assay used for PRRSv resulted in high levels of non-specific binding, omitting its
inclusion in this write up. Trends observed for risk factors for PCV2 positivity among
humans included having a household member with contact with pigs, farms with 1000
or more pigs, and a higher frequency of spotting rodents on the site. The personal
protective equipment perceived as most effective at preventing cross-species infection
and with the highest use were showering out of work and wearing dedicated boots.
Among the equipment where use clearly differed from perception of efficacy were safety
glasses, flu vaccination, showering out, and disposable boots.

Conclusions: Porcine circovirus has been posited as a zoonotic pathogen but limited
studies have presented mixed results. Our data support the possibility of conducting a
future prospective occupational study of pig workers for infection (not just nasal
carriage) with this pathogen. Our data also shed light on contradictions between
perception and use of personal protective equipment, stressing a need for education in

farm biosecurity.
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1. Introduction

As the world population grows, agriculture industries are opting toward more
intensified operations to keep up with consumption demands; 2017 is predicted to be a
record setting year in worldwide pork production, up 1% from 2016[1]. As
industrialized livestock operations, where dense populations of animals and humans are
constantly in close contact, have become more prevalent, the risk of emerging zoonotic
disease has escalated[2, 3]. This is evidenced by the 2009 swine-like Influenza A (HIN1)
pandemic, which reached 214 countries and was responsible for at least 151,700 human
deaths[4]. The large livestock operations and dense human population of Southeast Asia,
in particular, are considered a hot-spot for the generation of novel viruses[5, 6], calling
for increased surveillance for emerging diseases in this region to ensure that this growth
in the pork industry is accompanied by biosecurity measures to protect animals,
humans, and the environment. Hence, through this pilot study set in Sarawak, Malaysia,
we sought to conduct surveillance for respiratory and diarrheal pathogens that might be

crossing the species barrier between pigs and humans.

1.1 Study Aims

The primary aim of this One Health-oriented pilot study was to employ novel
molecular laboratory analyses to examine evidence that animal pathogens may be
aerosolized at the animal-interface and that humans working in these environments may

inhale these aerosols. While simply finding molecular evidence of such animal



pathogens at the human-animal interface or in animal workers’ nasal passageways does
not prove human infection, it would, however, add to our understanding of possible
risk of infection from these pathogens to humans. This pilot study would thus provide
necessary, first-step evidence for future more comprehensive studies. A secondary aim
is to assess community understanding regarding zoonotic pathogens and their
transmission to humans, with the overall objective of aiding agriculture industries in
controlling these pathogens in their livestock as well as informing cross-species infection

prevention mechanisms.

1.2 Setting

In Malaysia, 23.2% of the land is used for agricultural purposes and agriculture
accounts for 11% of the labor force[7]. As of 2014, the total population of pigs in
Malaysia was estimated at 1.8 million head[8]. Notably, Malaysia is a location of interest
for studies of swine zoonosis as it has previously been the site of a zoonotic outbreak
among pigs and pig workers. Beginning in late-1998, many pig farms in peninsular
Malaysia reported an increasing number of animals presenting respiratory and
neurological symptoms including trembling, muscle spasms, and leg weakness[9].
Concurrently, a number of pig farm workers were diagnosed with viral encephalitis.
The causative agent among both the afflicted pig and human populations was identified
to be Nipah virus, an RNA virus under the genus of Henipavirus that’s natural host is

fruit bats[10-12]. There were 283 humans diagnosed with Nipah virus in Malaysia



between September 1998 and December 1999 with a 38.5% fatality rate,[13] not to
mention the nearly 1 million pigs that were culled in attempts to control the spread of
this highly virulent pathogen[9].

This Nipah virus outbreak had a considerable impact on the Malaysian pork
industry and exemplifies the importance of continued viral surveillance in this region
for other emerging pathogens, as well as identification of risk factors that may
contribute to their transmission to humans. To that end, this study took place across the
three stages of pork production—farms, slaughterhouses, and animal markets—in
Sarawak, Malaysia. Environmental samples including pig oral secretion, pig fecal, and
bioaerosol samples were collected to assess the prevalence and aerosolization of a
number of viruses of which zoonotic potential has not been fully studied or described.
Human nasal washes were also collected from workers in these environments to

evaluate the risk of inhalation of these aerosols.

1.3 Viruses of Interest

A wide assortment of viruses is recognized to cause morbidity in pigs, and
among those suggested by swine disease experts Dr. Alejandro Ramirez and Dr. Jim
Lowe, porcine circovirus 2 (PCV2), porcine rotavirus C (porcine RVC), porcine rotavirus
A (porcine RVA), encephalomyocarditis virus (EMCV), and porcine reproductive and
respiratory syndrome virus (PRRSv) were included in this report. While their roles in

causing morbidity in animals are well-documented, as similar viruses often infect



humanes, it is biologically plausible that the animal-reservoired viruses may also infect
humans, yet their zoonotic nature has not been comprehensively assessed. These viruses
and the nature of their inclusion in the study panel are described in greater detail in the

sub-sections to follow.

1.3.1 Porcine Circovirus 2

Porcine circovirus is a non-enveloped, single-stranded DNA virus. The
pathogenic strain, PCV2, can lead to clinical symptoms in pigs such as postweaning
multisystemic wasting syndrome, respiratory disease, porcine dermatitis and
nephropathy syndrome, enteritis, and reproductive failure[14]. PCV2 is shed in almost
all bodily excretions, including saliva and feces[15]; transmission has been demonstrated
via contact, and there is limited evidence of airborne transmission[16]. While PCV2 is
ubiquitous on commercial pig farms in many countries, including Malaysia[17, 18], the
pathogenicity of its subtypes (of which 3 are currently known) as well as the
asymptomatic PCV1 and newly proposed pathogen PCV3, appear to be rapidly
changing and are still being explored[19-21]. Further, PCV2 has previously been studied
for zoonosis risk via in vitro and in vivo experiments among patients who had undergone
porcine islet cell transplantation and individuals with occupational exposure to pigs;

however, these studies have presented mixed results.[22-26]



1.3.2 Porcine Rotavirus A and C

Porcine rotavirus is a non-enveloped, double-stranded RNA virus that causes
diarrheal disease among pigs of all ages[27]; it is transmitted by the fecal oral route.
Some studies suggest similarities between certain porcine and human rotavirus
strains[28], and cases of detection of porcine rotavirus in humans have recently been
reported[29]. While there is little data on porcine rotavirus prevalence in Malaysia,
porcine RVA has been found on farms in Vietnam and Thailand[30, 31], and porcine

RVC has been found in China[32].

1.3.3 Encephalomyocarditis Virus

EMCYV is a non-enveloped RNA virus first detected in pigs, but known to infect a
variety of mammalian hosts, including humans[33-35]. Though it is often asymptomatic
in adult pigs, clinical symptoms of this may include lethargy, fever, difficulty breathing,
vomiting, paralysis, anorexia, and abortion. It is often fatal in piglets[36]. Transmission
is only known to occur through ingestion of food contaminated from an infected carcass;
no direct transmission through contact of an infected animal has been reported[36].
While there is little evidence of EMCV in Malaysia, it has been detected among pigs and

primates in other parts of Southeast Asia[37, 38].

1.3.4 Porcine Reproductive and Respiratory Syndrome Virus

PRRSv is an enveloped, singled-stranded RNA virus of which pigs are the only

known host. In piglets, viremia causes common respiratory symptoms and increased



susceptibility to respiratory infection, while infected adults” symptoms manifest as
anorexia, respiratory distress, reproductive failure, vomiting, and cyanosis of ears (blue
ears), abdomen, and vulva[39]. PRRSv is shed in bodily excretions including saliva,
respiratory secretions, urine, semen, mammary secretions, and feces[39]. It is spread
through mucous membranes or breaks in the skin, and aerosol transmission has also
been suggested[40]. PRRSv is an economically important disease, with high prevalence
all over the world, including Malaysia[41], that costs the US pork industry alone
upwards of 600 million dollars annually[42]. This virus is not thought to infect humans;
though previously Gray and colleagues have found a high prevalence of antibodies
against PRRVs among pig workers, but not in non-exposed controls in 2013

(unpublished report).



2. Methods

Laboratory experiments and field sampling methods were conducted under
biosafety level 2 conditions in compliance with protocols approved by the Institutional
Animal Care and Use Committee of Duke University, as well as the Animal Care and
Use Committee at the Ministry of Health Malaysia. Human survey and nasal wash
collection protocols were approved by the Institutional Review Board at Duke
University and the Medical Research and Ethics Committee at the Ministry of Health

Malaysia.

2.1 Site Enrollment and Specimen Collection

Of the 12 pig farms registered with the Divisional Veterinary Office in Sibu,
Sarawak, Malaysia, 11 farms were enrolled in the study in addition to the registered
slaughter house, and two animal markets in Sibu. One slaughter house and one animal
market were enrolled in Kapit, Sarawak, Malaysia. All sites were visited once, with the
exception of one animal market that was visited on six separate occasions to conduct
participant enrollment at each of the different areas where live animals and freshly
butchered meat was sold. At each farm, up to five oral secretions or water trough
samples and five fecal samples were collected. One bioaerosol sample was collected at
each site, and all employees present on the day of sampling were asked to participate.
Each site manager was asked to complete a survey regarding site characteristics and

biosecurity measures.



2.1.1 Pig Fecal and Oral Secretion Sample Collection

Unpaired oral secretion and fecal specimens were collected from pigs via
convenience sampling; up to five of each sample type were collected per farm. Fresh
fecal specimens from the environment were swabbed and stored with a FecalSwab
Collection, Transport and Preservation System. Oral secretion collection procedures
were derived from previous reports[43-45]. Briefly, two 30cm pieces of 1cm diameter
100% cotton rope were tied to the housing structure of the pigs at a height within reach
of the animals” mouths. Pigs were allowed to chew on the rope until saturation was
achieved before the rope was removed aseptically with a sterile plastic bag. A corner of
the bag was clipped, and the rope was wrung manually through the bag into an
Olympus 2.0ml screw-cap microtube. Low yield samples (<ImL) were supplemented up
to ImL with PBS. Samples of standing water from the pigs’ feeders were collected lieu of
oral secretions for three farms with a local breed of domestic pig (babi kampung) that
were averse to chewing the rope. Number, age, and gender of the pigs in the enclosures

sampled were recorded.

2.1.2 Bioaerosol Sample Collection

Bioaerosol sampling was conducted using the National Institute for
Occupational Health and Safety (NIOSH) bioaerosol sampler BC251 attached to an SKC
personal air sampling pump and calibrated to 3.5 L/min of air. Temperature and

humidity were recorded from weather.com at the time of sampling. In farms and



slaughter houses, samplers were fixed to a tripod roughly one meter above the ground
near an active pig pen and run for a minimum of 30 minutes. At the animal markets,
mobile bioaerosol sampling localized to animal vendors was conducted by a researcher
equipped with a backpack containing the SKC pump with the NIOSH sampler fixed to
one front strap. Samples were processed within 24-hours of collection. The large particle
15mL and medium particle 1.5mL tubes were processed by adding 1mL of sterile PBS
with 0.5% BSA, followed by thorough inversion and vortexing. The small particle filter
was removed from the cassette carefully and transferred with forceps into a 50mL
Falcon tube with 2.0mL of PBS with 0.5% BSA. The Falcon tube was vortexed, and the
filter was removed with forceps and discarded. The remaining liquid was transferred

into an Olympus 2.0ml screw-cap microtube.

2.1.3 Animal Worker Enrolilment and Nasal Wash Procedure

Individuals with occupational exposure to animals were enrolled at pig farms,
slaughter houses, and animal markets in Sibu and Kapit, Sarawak Malaysia. Employees
were enrolled by face-to-face interaction, and were invited to participate if they were
over the age of 18 and not pregnant. Participants were asked to complete a survey about
their perceptions of cross-species infection risks and personal protective equipment
(PPE) usage, as well as to permit collection of a nasal wash sample.

For nasal wash sample collection, participants were asked to tilt their head to a

70-degree angle and briefly hold their breath while one nostril was irrigated with 3mL of



sterile water using a 10mL plastic syringe. The participant then tilted their head back
down and expressed the fluid into a sterile specimen collection cup. The return fluid
was aliquoted into an Olympus 2.0ml screw-cap microtube. Collection cups containing
low yield samples (<ImL) were rinsed with an additional 500uL of sterile water to

achieve sufficient volume to pipette.

2.2 DNA/RNA Extraction and RT-PCR

All samples were stored at -80°C until DNA and RNA extraction was performed.
For each sample, 200uL was extracted using the QIAmp Cador Pathogen Mini Kit (cat.
54106). Previously reported rPCR and rRT-PCR probe-based assays for EMCV[46],
PCV2[47], and porcine rotavirus[48] were validated and performed using a BioRad
CFx96 C1000 Touch Thermocycler Real Time detection system. Samples with a cycle
threshold (CT) value of less than 38 were considered positive and those with a CT value
greater than 38 and less than 40 were considered suspect positives. Suspect positives
were validated by rPCR and rRT-PCR, and considered positive if they presented a
similar CT as the first run.

A previously described SYBR-based rRT-PCR assay[49] was validated and used
for PRRSv detection and resulted in an unexpectedly high number of positive results;
the average CT value among the 171 (70%) samples detected was 35.60. A melt curve
analysis was used to validate the human nasal wash and bioaerosol sample positives

and suspect positives. While the assay still produced detectable amplification curves, the

10



peaks were caused by non-specific binding or primer dimers, leading to the omission of
PRRSv results from this report.

For statistical analysis, the three particle sizes of each bioaerosol sample were
aggregated and considered positive if any one of the three sizes met the aforementioned

CT criteria.

2.3 Statistical Analysis

Odds ratios and 95% confidence intervals were calculated for potential predictors of
positivity of virus. Fisher’s exact test was used to measure statistical association of
predictors for positivity of the viruses of interest amongst each of the sample types and
were reported for variables determined to have a positive associate at p<0.10. Statistical

analysis was performed using STATA 15.0 (StataCorp, College Station, TX).
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3. Results

A total of 11 farms, two slaughterhouses, and three animal markets were
enrolled in Sarawak, Malaysia in June and July of 2017. One slaughterhouse and one
animal market were enrolled in Kapit, Sarawak, Malaysia, while all other sites were
enrolled in Sibu, Sarawak Malaysia. Farms ranged from 0.0012 to 0.0243 km? in size and
housed a typical range of 100 to 7000 (mean 958) pigs. All of the sites were open-air, and
many housed other animals (including but not limited to cats, chickens, dogs, ducks,
geese, ostriches, and turkeys) on the site. Biosecurity measures frequently reported by
site managers included separate feed-in and waste-out paths (10 of 11 farms) and
disinfecting of crates or pens between animals (8 of 10 farms, 1 missing). The
slaughterhouse enrolled in Sibu slaughtered animals nightly, bringing together pigs
from many farms across Sarawak. The slaughterhouse in Kapit was a more modest
operation, slaughtering no more than five pigs per evening. The animal markets were all
open-air and vendors sold both butchered meat (mainly pork and poultry), as well as
live animals, including but not limited to chickens, ducks, rabbits, puppies, and
tortoises.

3.1 Samples Collected and Viral Prevalence

In all, 55 pig fecal, 49 pig oral or water, 21 bioaerosol, and 78 worker nasal wash

samples were collected across these sites (Table 1). Of these, 21 (38.2%) pig fecal, 43

(87.8%) pig oral or water, 3 (14.2%) bioaerosol, and 4 (5.1%) worker nasal wash samples

12



were positive for PCV2 by rPCR. PCV2 was detected in at least one sample at all 11
farms, as well as in a bioaerosol sample at one slaughterhouse and one worker nasal
wash at a market (Figure 1). Porcine RVC was detected in one pig fecal sample (1.8%).

EMCYV and porcine RVA were not detected in any of the sample types and (Table 2).
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Table 1: Number of biological samples collected from 11 pig farms, 2 slaughter houses,

and 3 live animal markets in Sarawak, Malaysia, June and July of 2017.

Pig oral secretion

Worker nasal

Site IDs  Pig fecal samples Bioaerosol
or water samples washes

F1 5 4 1 2
F2 5 5 1 1
F3 5 5 1 3
F4 5 5 1 2
F5 5 5 1 2
F6 5 4 1 2
F7 5 5 1 1
F8 5 4 1 4
F9 5 5 1 1
F10 5 5 1 1
F11 5 2 1 1
S1 - - 1 25
S2 - - 1 3
M1 - - 6 20
M2 - - 1 2
M3 - - 1 8
Total 55 49 21 78

Sites beginning with ‘F” denotes farm, ‘S” denotes slaughter house, and ‘M’ denotes market.



Table 2: Molecular positivity for swine viruses detected via rPCR and rRT-PCR in samples collected from
animal environments in Sarawak, Malaysia in June and July of 2017.

Sample types (Total N) | PCV2 No. (%) | Porcine RVC No. (%) | Porcine RVA No. (%) | EMCV No. (%)
Pig oral/water (49) 43 (87.8) 0 (0) 0 (0) 0 (0)
Pig fecal (55) 21 (38.2) 1(1.8) 0 (0) 0 (0)
Bioaerosol (21) 3 (14.3) 0 (0) 0 (0) 0 (0)
Worker nasal wash (78) 4 (5.1) 0(0) 0(0) 0 (0)

a1

Porcine circovirus 2 (PCV2); porcine rotavirus C (RVC); porcine rotavirus A (RVA); encephalomyocarditis Virus (EMCV)

Percent Positivity for PCV2 in All Sample Types by Site

N Pig Fecal Sample M Pig Oral or Water Sample % Bioaerosol Sample = Worker Nasal Wash Sample

100
80
6
4
2
0 N N N N N = A X
F3 F4 F5 F6 F7 F8

F1 F2

o O

o
VW///////

N

PCV2 POSITIVITY (%)

F9 F10 F11 S1 S2 M1 M2 M3
INDIVIDUALSITES

Figure 1: Molecular positivity for PCV2 detected via rRT-PCR in samples collected from 11 farms, 2 slaughter houses,
and 3 live animal markets in Sarawak, Malaysia in June and July of 2017. Sites beginning with ‘F’ denotes farm, ‘S’
denotes slaughter house, and ‘M’ denotes market; porcine circovirus 2 (PCV2).



3.2 Risk Factor Analysis for PCV2
3.2.1 Pig Viral Shedding

While pig oral secretion findings were not found to be associated with the
potential risk factors examined, we did find associations with PCV2 detections in feces
(Table 3). The local pig breed, babi kampung, exhibited a higher proportion of positives
compared to standard domestic breeds (OR=10.55, 95% C.I. 1.65, 110.87). Additionally,
there was a nonstatistically significant hint of an association of PCV2 in the feces for
sows or gilts (breeders) as compared to other pig types (OR=6.25, 95% C.I. 0.37, 353.48)

(Table 3).
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Table 3: Unadjusted odds ratios for risk factors associated with PCV2 molecular positivity of 55 pig fecal samples
and 49 pig oral secretions or water samples collected from 11 pig farms in Sibu, Sarawak, Malaysia in July 2017.

PCV2 in pig fecal samples

PCV2 in pig oral secretion or water samples

) o Unadjusted OR o Unadjusted OR
Predictor Total N No. (%) (95% CI) Total N No. (%) (95% CI)
Pig breed 55 21 (38.2) 49 43 (87.8)

Standard 40 11 (27.5) Ref 37 33 (89.2) 2.06 (0.03, 29.37)
Babi kampung 10 8 (80.0) 10.55 (1.65, 110.87) 7 6 (85.7) 1.50 (0.02, 137.10)
Mix 5 2 (40.0) 1.76 (0.13, 17.39) 5 4 (80.0) Ref
Production type 55 21 (38.2) 49 43 (87.8)
Mix 9 4 (44.4) Ref 6 (85.7) 2.40 (0.09, 164.79)
Adult boar 3 0 (0.0) 0.00 (0.00, 2.28) 1 1 (100.0) ----
Adult sow or gilt 6 5 (83.3) 6.25 (0.37, 353.48) 10 10 (100.0) ----
Pregnant sow 15 3(20.0) 0.31 (0.03, 2.75) 7 5(71.4) Ref
Farrowed sow 4 3 (75.0) 3.75(0.18, 235.49) 1 1 (100.0) -
Nursery 13 6 (46.2) 1.07 (0.14, 8.24) 15 13 (86.7) 2.60 (0.14, 43.45)
Finisher 5 0 (0.0) 0.00 (0.00, 1.31) 8 7 (87.5) 2.80 (0.11, 188.36)

Porcine circovirus 2 (PCV2)



3.2.1 Bioaerosol Detection

PCV2 positivity in farm bioaerosol samples was not found to be a strong
predictor of positivity in pig oral secretions or fecal samples; it was also not a
statistically significant predictor of positivity in worker nasal washes, though the
unadjusted odds ratio was 2.5 (0.03, 62.0). Further, temperature and humidity were not

statistically significant predictors of detection of PCV2 in bioaerosol samples (Table 4).

Table 4. Unadjusted odds ratios for risk factors associated with PCV2 molecular
positivity of 21 bioaerosol samples collected from 11 pig farms, 2 slaughter houses,
and 3 markets in Sarawak, Malaysia in July 2017.

PCV2 in bioaerosol samples

. o Unadjusted OR
Risk factors Total N | No. (%) (95% CI)
Outside temperature (°C) 21 3(14.3)

24-27 8 2 (28.6) 1.67 (0.06, 117.71)

28-30 6 1(14.3) Ref

30-34 7 0 (0.0 -—e-
Outside humidity (%) 21 3 (14.3)

52-69 7 0 (0.0 -

70-81 8 1(12.5) Ref

81-99 6 2 (33.3) 3.50 (0.13, 235.39)
Pig oral secretion/water sample PCV2 positivity 11 2 (18.2)

Positive 11 2 (18.2)

Negative 0 0 (0.0)

Pig fecal sample PCV2 positivity 11 2 (18.2)

Positive 9 2(22.2) Ref

Negative 2 0 (0.0) 0.00 (0.00, 10.63)
Worker nasal wash sample PCV2 positivity 21 3(14.3)

Positive 4 1(25.0) 2.5 (0.03, 62.0)

Negative 17 2 (11.8) Ref

Porcine circovirus 2 (PCV2)
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3.2.2 Worker Nasal Carriage of PCV2

Of the four positive worker nasal washes, three were found on farms and one in
a pork butcher at the animal market. Sixty-one of the 78 participants reported having
direct contact with pigs within one meter in the last 30 days; all four of the individuals
that tested positive for PCV2 were among this category. Interestingly, there were more
positives among individuals who had a household member who had contact with pigs
within 1 meter in the last 30 days although this was not statistically significant (OR 9.43,
95% C.1. 0.57, 141.34) (Table 5).

Looking more specifically at individual’s occupational exposures, though pig
fecal sampling revealed greater PCV2 positivity among breeder females, there was no
statistically significant difference in the number of PCV2 positives among worker nasal
washes with respect to working with different production types of animals.
Additionally, there was no statistically significant difference in PCV2 positivity among
different market stall types (Table 5).

Finally, farm and slaughterhouse characteristics were also examined as risk
factors for PCV2 positivity. Sites with a greater number of pigs also presented a greater
number of worker nasal wash positives; all three farm worker nasal wash PCV2
positives were at farms of greater than 1000 head (Table 5). Additionally, a greater
number of positives were observed on sites where workers reported seeing rodents on

the site daily, as opposed to weekly, rarely, or never (Table 5).
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Table 5: Unadjusted odds ratios for risk factors associated with molecular detection of PCV2 in 78 worker nasal wash
samples collected from farms, slaughterhouses, and live animal markets in Sarawak, Malaysia in June and July of 2017.
PCV2 in worker nasal wash samples

Risk factors Total N polled No. (%) Unadjusted OR (95% CI)
Contact with pigs (1 meter) in the last 30 days 78 4(5.1)
Yes 61 4 (6.6) Ref
No 17 0 (0.0) 0.00 (0.00, 3.45)
Household member contact with pigs (1 meter) in the last 30 days 77 4 (5.2)
Yes 9 2 (22.2) 9.43 (0.57, 141.34)
No 68 2(2.9) Ref
Type of pigs worked with in the last 30 days (>1 answer possible) 78 4(5.1)
Breeding 10 1 (10.0) 1.94 (0.03, 40.75)
Farrowing 8 0 (0.0) 0.00 (0.00, 6.61)
Nursery pigs 15 2 (13.3) 4.77 (0.22, 290.18)
Wean-to-Finish 9 1(1L1) 2.25 (0.03, 47.40)
Finishers 8 1(12.5) 2.64 (0.04, 56.10)
Slaughter 18 0 (0.0) 0.00 (0.00, 2.09)
Transport 17 1(5.9) 0.88 (0.01, 18.12)
Market stall type 30
Butchered pork market stall 13 1(7.7)
Butchered chicken market stall 13 0 (0.0) -
Live chicken market stall 4 0 (0.0)
Total number of pigs on site (reported by site manager) 48 3(6-3)
100-199 31 0 (0.0)
200-999 10 0 (0.0) -
1000+ 7 3 (42.86)
Frequency of spotting rodents on farm or slaughter site 46 2 (4.4)
Daily 7 2 (28.6)
Weekly 7 0 (0.0)
Rarely 16 0 (0.0)
Never 16 0 (0.0)

Porcine circovirus 2 (PCV2)



3.4 Worker Perception of Cross-Species Infection Risk

When polled how likely they think it is for people in Malaysia to become infected
with germs from pigs and poultry 46 of 76 (61%) participants who responded selected
likely or very likely. Further, when polled how likely they think it is for people in
Sarawak to become infected with germs from pigs and poultry 48 of 76 (63%)
participants who responded selected likely or very likely.

Of the 12 PPE suggestions, showering out and use of dedicated boots were the
most cited methods of preventing cross-species infections and had the highest reported
use (Table 6). Analysis comparing perception to use revealed four areas where the
worker’s perception was not always associated with their use of PPE in the last 30 days.
These practices included wearing protective glasses, receiving the flu vaccination,
showering out of work, and wearing disposable booties. However, we did not find an
obvious association of any of the 12 PPE use questions with molecular evidence of PCV2

nasal carriage.
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Table 6: Perceptions of efficacy of personal protective equipment (PPE) at preventing cross-
species infection, reported use, and PCV2 positivity among PPE users in 77 worker nasal
wash samples collected from farms, slaughterhouses, and live animal markets in Sarawak,
Malaysia in June and July of 2017.

Personal protective Perceived as effective  Used in the last 30 days PCV2 positivity

equipment No. (%) No. (%) No. (%)
Disposable gloves 23 (29.8) 10 (13.0) 0 (0.0)
Cloth gloves 15 (19.5) 15 (19.5) 0 (0.0)
Dust mask 34 (44.2) 5(6.5) 0 (0.0)
Filtered mask 32 (41.6) 0 (0.0) e
Glasses 12 (15.6) 4 (5.2) 0 (0.0)
Apron 25 (32.5) 12 (15.6) 0 (0.0)
Flu vaccination 43 (55.8) 4 (5.2) 0 (0.0)
Shower in 29 (37.7) 17 (22.1) 0 (0.0)
Shower out 71 (92.2) 74 (96.1) 4 (5.4)
Dedicated boots 56 (72.7) 41 (53.2) 2 (4.9)
Disposable boots 21 (27.3) 2 (2.6) 0 (0.0)
Dedicated clothing 30 (39.0) 0 (0.0) o
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4. Discussion

This report presents a first look at prevalence of swine viruses among farms in
Sibu, Sarawak, Malaysia, as well as their potential to cross the species barrier from pigs
to humans. Molecular detection of the viruses studied include porcine rotavirus C and
the ubiquity of PCV2 among farms in Sibu. This study also presents evidence of PCV2 in
the nasal cavities of workers at two major stages of pork production: farms and market

stalls.

4.1 Risk Factors for PCV2 Positivity
4.1.1 Viral Shedding in Pigs

Looking first at PCV2 among pigs, previous literature on viral shedding of PCV2
in pigs suggests that the virus is shed similarly among oral and fecal routes[50, 51]. This
study, however, found a nearly 50% difference between fecal and oral samples, with oral
secretions having the highest number of positives; though, it should be noted that the
oral and fecal samples were not necessarily paired to a specific animal. Interestingly, the
local breed of pig babi kampung (of which there is little to no literature) had greater
viral shedding in feces compared to standard domestic breeds. In contrast, there was no
notable difference in oral shedding between standard domestic pigs and babi kampung,
though it should be noted that the majority of the oral samples collected from this breed

were drinking water samples, not oral secretions.
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4.1.2 Aerosolization of PCV2

Next assessing the aerosolization of PCV2 and detection with cutting-edge
NIOSH bioaerosol technology, this study demonstrated bioaersol detection of PCV2 in
three (14.3%) samples. However, the samples were not a strong predictor of PCV2
positivity among other sample types, which could be the cause of a number of
environmental factors. While this study showed no notable difference in detection of
PCV2 with respect to temperature and humidity, other studies have reported lower
bioaerosol detection rates in hot and humid climates[45, 52]. It's noteworthy that all of
the positive samples were found only in the largest particle size, which may be
attributable to particles condensing into larger droplets, as the mean temperature and
humidity recorded on sample dates were 29°C and 76%; clumping of viral particles in
the air may affect the yield as the maximum particle size particle size the samplers are
able to pick up is suggested to range from 0.4 to 10 um[52, 53]. Ventilation may also
make a difference in viral collection with these samplers, and all of these samples were

collected in open-air, unventilated environments.

4.1.3 Worker Nasal Carriage of PCV2

Finally looking at PCV2 positivity among worker nasal washes, while this study
was of low sample size and prevalence to provide robust data for risk factor analysis,
some trends still align with previous literature on cross-species infection risks and

general farm biosecurity threats. One example, is that individuals with a household
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member who had contact (within one meter) with pigs in the last 30 days had higher
PCV2 positivity. This supports a common biosecurity practice on pig farms, asking that
workers or visitors of the farm do not visit other farms or even interact with other pig
farmers within a certain window of returning to their own farm[54].

In addition to individual factors typically associated with higher viral carriage in
farm workers, there are also factors about the facility itself that have been shown to
contribute to a higher risk of disease outbreaks or cross-species infection. In this study,
PCV2 positivity was associated with larger herd sizes (greater than or equal to 1000
head). Previous studies have also shown that higher density herds may harbor more
zoonotic viruses and generally be more prone to infections[55]. Sites where employees
reported seeing rodents daily, as opposed to weekly, rarely, or never, were also
demonstrated PCV2 positivity in humans. This is notable, as recent studies have shown
molecular detection of PCV2 in rats and other rodents, implicating cross-species

transmission[56, 57].

4.2 Perceptions and Use of PPE

In addition to molecular detection of viruses, this study also presented a look at
contradictions in perceptions of biosecurity practices. Of the 12 PPE suggestions, there
were clear differences between perception and use existed for safety glasses, flu
vaccinations, showering out of work, and disposable boots. While three of these

measures were seen as efficacious but not used, showering out was often done by those
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who did not see it as an effective means of preventing cross-species infection. Notably,
the majority of literature on biosecurity and farm disease prevention does not include
worker protection against disease risks[54, 58, 59]. While not all of the 12 PPE
suggestions have proven effect in preventing cross-species infection or improving farm
biosecurity, some listed interventions, such as rubber gloves, have shown marked

differences in preventing the spread of zoonotic viruses[60].

4.3 Implications for agricultural practice

Further studies will need to be done to assess the true risk of human infection
with these swine pathogens, however, a number of viruses have already made the
species jump from pigs to humans[4, 13]. For this reason, as well as for the health of the
animals and the environment, it is important that as farms scale-up in size, the

employees become mindful of the risks of disease outbreaks.

4.4 Implications for further research

To start, the use of NIOSH bioaerosol samplers in this study presents an
underexplored novel surveillance mechanism, that could one day provide effective, non-
invasive surveillance for viruses in agricultural and many other settings. Thus,
expansion of their use is necessary for their optimization. Other methods of the
bioaerosol sampler use could include equipping those who are occupationally exposed
to animals with the backpacks during their work exposure time, expanding their use to

multiple places within a site linked more closely to other sample type collection, and
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using sampling at different distances from a viral aerosolization source to better
understand their sampling radii.

Looking more specifically at the predominant virus detected among these sites,
studies of porcine circovirus have shown rapid change between strains and their
subtypes[19-21]. Comparison of subtypes of the PCV2 positive samples from this study
with samples potentially collected in the years to come could reveal more information
about the nature of this rapidly evolving virus, and its threat to animals and humans.

With that note, while this study provides evidence of human exposure to the
virus, for more convincing evidence of PCV2 infection in humans serological testing is
necessary. Serological studies of PCV2 among humans present conflicting result[22-25].
Few of these studies, however, have looked explicitly at those with occupational
exposure to pigs.[24] The present study supports the feasibility of a seroepidemiological
study of individuals with exposure to pigs in this region for PCV2 infection, as the virus
appears to be ubiquitous in farms in Sibu.

Though it was not nearly as prevalent as PCV2, the one detection of porcine RVC
is also of interest. As previously mentioned, there are several strains of human
rotaviruses and recent studies have shown some detection of porcine rotavirus in
human stool samples[28, 29]. In light of this, it would also be worth conducting
surveillance for porcine rotavirus among human diarrheal patients in Sarawak,

Malaysia.
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4.5 Study strengths and limitations

This study provides prevalence data for some of the most economically
important swine pathogens among 11 out of the 12 registered commercial farms in this
seldom studied region. This study also provides a glimpse of areas of improvement for
biosecurity practices. However, this study also has limitations. Cross-sectional studies
cannot prove causative relationships. Additionally, the sample size does not provide

robust data for a confident risk factor analysis, especially among the human workers.
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5. Conclusion

In conclusion, this study assessed the prevalence of EMCV, PCV2, and porcine

RVA and RVC on swine farms in Sibu, Sarawak, Malaysia. Additionally, evidence of
nasal carriage of PCV2 in humans with occupational exposure to pigs was presented.
Finally, perception of efficacy and use of PPE were also recorded. This study elucidated
many pathways for future research in strengthening viral surveillance at the human-
animal interface and further investigating specific swine pathogens for risk of emerging
zoonoses. Ultimately, this information was collected to help inform agricultural practice
in improving biosecurity as farms rapidly increase in size in an effort to protect the

health of humans, animals, and the environment.
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