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Abstract: Cysticercosis and Trichinella spp. infection are parasitic zoonoses prevalent among pigs
in Southeast Asia, where pork is the most important source of meat. In rural Cambodia, many pigs
are raised extensively in family backyards, and information regarding the prevalence in rural small-
scale pig production is very limited. This study was conducted in four provinces in north-eastern
Cambodia to determine the seroprevalence of porcine cysticercosis and Trichinella spp. infection in
rural villages, and to identify possible risk factors. Only households with less than 10 pigs above
three months old were eligible. In total, 139 households participated, and 242 blood samples were
collected. Farmers were interviewed about food and hygiene habits, disease knowledge and practices.
The serum samples were analysed by ELISA to determine antigens to Taenia spp. cysticerci or
antibodies to Trichinella spp. muscle larvae. Positivity among the pigs was 11.2% (95% CI 7.5–15.8)
for Taenia spp. cysts and 2.5% (95% CI 0.9–5.4) for Trichinella spp. Cysticerci were more common in
the province Preah Vihear (p < 0.001) than in the other provinces. Risk factors associated with porcine
cysticercosis were management systems for the pigs and access to human faeces (p < 0.001). Trichinella
spp. infection in pigs was more common in the province Ratanakiri (p = 0.001). The main risk factor
associated with Trichinella spp. transmission was feeding pigs with food waste (p = 0.048). More men
had heard about cysticercosis than women (p = 0.002), and men also consumed undercooked pork
meat to a greater extent (p = 0.004). Although the present study is relatively small, several risk factors
could be identified for porcine infection with Taenia spp. and Trichinella spp., which can be used to
guide future interventions to improve both porcine and human health in these provinces.

Keywords: Taenia solium; Taenia asiatica; Trichinella spp.; neglected tropical disease; food safety;
parasitic disease; zoonoses

1. Introduction

Cambodia is a lower middle-income country in Southeast Asia with a population of
approximately 17 million inhabitants, a rapidly growing economy and decreasing poverty
rates [1,2], but there is still a large proportion of the inhabitants, around 4.5 million, who
remain near-poor and vulnerable to falling back into poverty if exposed to economic
shock [1]. Approximately three quarters of the Cambodian population live in rural areas
and around 90% of the poor live in the countryside [1,3].
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Pork is the most important source of meat in this region [4] and in Cambodia, 80%
of approximately 1.7 million pigs [5] are raised extensively in family backyards [6,7]. The
majority of these households keep between one and four pigs of mixed breeds and the pigs
have an important role as a source of meat, income and to act as a family security asset [7].
The pigs are mainly fed with kitchen waste and rice bran [6].

Pig production in Cambodia suffer from high mortality losses caused by a number of
diseases including various parasitic diseases [6]. This has many reasons, often including
inadequate feeding [4], insufficient veterinary and agricultural extension services [7], poor
knowledge about diseases and poor access to drugs and veterinary services [6]. Two
important parasitic diseases among pigs in Southeast Asia are cysticercosis and Trichinella
spp. infection [8,9] since these are also zoonotic, i.e., diseases that can also infect humans
from pigs, while the pigs themselves are seldom clinically affected. Globally 2.6–8.3 million
humans are estimated to suffer from neurocysticercosis and about 28,000 deaths were
attributed to cysticercosis in 2010, making it a leading cause of death from food-borne
diseases [10]. The infection rate may vary significantly within and between countries,
with one study showing the rate of human taeniasis varying between 0.8 and 23% and
cysticercosis between 1.7 and 13% in Indonesia, but only up to 2.6% of pigs reported to
have cysticercosis, while Nepal were estimated to have between 10 and 50% of humans
having taeniasis and 32.5% of pigs having cysticercosis [11].

A major risk factor for porcine cysticercosis is free roaming pigs with access to human
faeces [12–14], and a risk factor for porcine Trichinella spp. infection is feeding food waste
containing meat to the pigs [15]. These risk factors are both common in rural small-scale
pig production in Cambodia and hence increase the risks for humans to acquire these
zoonotic parasitic diseases [3,6].

As part of a larger study assessing food safety risks in Cambodian meat products [16]
this study aimed at understanding parasitic food safety risks. The objectives were to
determine the prevalence of pigs infected with Taenia spp. cysticerci and with Trichinella
spp. muscle larvae among rural pigs in four provinces in north-eastern Cambodia and to
identify possible associations between prevalence and different risk factors, such as food
and hygiene habits, pig management and disease knowledge among the farmers.

2. Materials and Methods
2.1. Study Area and Selection of Farms

This cross-sectional study was conducted in four rural provinces in northern Cambo-
dia; Kampong Thom, Preah Vihear, Ratanakiri and Stung Treng (Figure 1), as these had
been identified in expert consultations with the National Animal Health and Production
Research Institute (NAHPRI) as high-risk provinces for parasitic disease with many small-
scale farms keeping indigenous and free roaming pigs. Data collection was conducted in
October 2019 and each province was visited for one week. Within each province, three to
four districts were purposively selected by the provincial veterinarian. Districts with high
numbers of free roaming pigs were prioritized, and an even geographic distribution of the
districts within the province was desired. In each district, around 8 villages, where the
provincial veterinarian knew there were free roaming pigs, were selected. In each village,
the head of the village assisted in the selection of households based on the following
criteria: the household should keep less than 10 pigs above the age of three months and
the pigs should be free roaming or partly free roaming. However, due to the situation with
African swine fever (ASF) in Cambodia at the time of the study, households with tethered
or confined pigs were also included in the study to reach the intended number of pigs
for sampling.
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Figure 1. Maps illustrating the four included provinces in Cambodia and diseases in pigs. (a) shows the prevalence of
Trichinella spp. infection. (b) shows the prevalence of cysticercosis.

2.2. Data Collection

A structured questionnaire (Supplementary material 1) with a combination of dichoto-
mous and multiple-choice questions was developed and targeted at the person responsible
for the pigs in each household. The questionnaire contained questions regarding man-
agement of the pigs, food and hygiene habits, disease knowledge and practices related
to treatment with antiparasitic drugs in the pigs. The questionnaire was developed in
English and translated to Khmer. Interviews were conducted in Khmer by three veterinary
students from the Royal University of Agriculture, Phnom Penh. Prior to the interview, the
farmers were informed about the study per se and that their participation was voluntary
and anonymous. All participants were asked for their verbal consent before the interview
was conducted.

Blood samples were collected from the pigs. Sample size calculations assuming a
prevalence of 20%, 5% precision and 95% confidence levels gave a sample size of 246 [17],
and therefore the aim was to collect samples from 252 pigs; 63 samples from each province.
A prevalence of 20% was chosen for sample size calculation, as one study in Lao had
found that the prevalence of Trichinella spp. infection in pigs was over 14% [18], and it was
possible that these extensively kept pigs would be even more exposed, and thus it was
better to increase the assumed prevalence to increase the sample size and the power of
the study. Cysticercosis levels have been found to vary between different countries and
areas, but it was assumed Cambodia would not be as infected as the study in Nepal where
more than 30% of pigs were positive for cysticercosis [11]. In each household, one to three
healthy pigs were selected, preferably from different age groups. To minimize the risk of
interference with maternal antibodies, which can be present for up to two months [19], and
to avoid stressing piglets, no pigs younger than three months were sampled. Sampling
of pregnant sows was avoided since farmers were concerned about the stress and risk of
spontaneous abortion. Blood was collected from the jugular vein or from the ear vein from
each pig and transferred to a vacuum serum blood collection tube which was labelled with
a unique identifier code. An individual blood sample form was filled in for each sampled
pig, containing information about sex, age, and breed. Samples were kept in a cooling
box with ice until centrifugation was performed within 24 h of sampling. The sera were
transferred into cryotubes labelled with farm and pig number and were stored in a cooling
box until moved to a freezer (−18 ◦C) in the province. During transportation to Phnom
Penh, the tubes were kept in a cooling box and were re-frozen after arrival at NAHPRI.

2.3. Serological Analyses

All samples were analyzed at NAHPRI through enzyme-linked immunosorbent as-
says (ELISA) according to instructions from the manufacturers. All samples were run in
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duplicates. For cysticercosis, the apDia Cysticercosis Antigen (Ag) ELISA kit (apDia bvba,
Turnhout, Belgium), which uses monoclonal antibodies (IgG isotype) to detect excretory
secretory products (ESP), was used for determination of viable cysticerci of Taenia spp.
An antigen ELISA was selected as it had reportedly high sensitivity and specificity for
cysticercosis. Based on the data from the manufacturer, the sensitivity could be calculated
to be 96.9% for humans or animals with living cysts, and the specificity to 99.3%. The
antibodies used in the assay have been produced against ESP of T. saginata cysticerci, and
the test is only genus specific, and does not differentiate different Taenia species.

A sample was considered positive if the antigen index was above or equal to 1.3. The
antigen index of each sample was calculated by dividing the OD value of the sample by
the cut-off value. The cut-off value was calculated by multiplying the mean OD value of
the negative control with 3.5 according to the instructions of the manufacturer.

For Trichinella spp., a serological ELISA, PrioCHECK Trichinella Ab (Thermofisher
Scientific, Schlieren-Zurich, Switzerland) was used to detect presence of antibodies against
Trichinella spp. A sample was considered positive if the OD of the sample divided by the
OD of the positive control exceeded the cut-off of 15% according to the instructions of the
manufacturer. A study commissioned by the kit manufacturer showed that this kit has a
sensitivity of 97.1–97.8% and a specificity of 99.5–99.8% [20]. The lowest estimate was used
to calculate positive predictive values and true prevalence.

Test validation was performed with positive and negative controls according to the
manufacturers’ instructions, and all samples were analysed in duplicates. If validation
failed, the samples were reanalysed using spare ELISA plates.

2.4. Statistical Analysis

Data was entered into Microsoft Office Excel 2016 and statistical analysis was per-
formed in STATA 14.2 (StataCorp, College Station, TX, USA). Descriptive statistics were
calculated to define farm characteristics and pig management. Possible risk factors for
seropositivity among the pigs as well as possible risk factors for infection in humans, and
factors affecting human knowledge and behaviours, were further investigated. Pearson
Chi2 was used for statistic between two categorical variables and Fischer’s exact test
was used when Pearson Chi2 was not applicable. T-test was used for analysing age as a
continuous variable. Significance level was set to p < 0.05.

3. Results
3.1. Description of Households

In total, 139 households were included in the study; 39 were located in Kampong
Thom, 34 in Preah Vihear, 35 in Ratanakiri and 31 in Stung Treng. The majority of the
respondents were females (75.4%), and the mean age was 41 (Standard Deviation (SD)
11.7) (Table 1). Most respondents (42.6%) had only attended primary school and one-third
(34.6%) were uneducated.

Table 1. Sex, age, and education level of the respondents in the four provinces in Cambodia.

Kampong Thom
% (n)

Preah Vihear
% (n)

Ratanakiri
% (n)

Stung Treng
% (n)

All
% (n)

Sex of respondent (n = 134)
Female 89.7 (35) 78.8 (26) 54.8 (17) 74.2 (23) 75.4 (101)
Male 10.3 (4) 21.2 (7) 45.2 (14) 25.8 (8) 24.6 (33)

Education level of respondent (n = 136)
No education 48.7 (19) 29.4 (10) 43.8 (14) 12.9 (4) 34.6 (47)

Primary school 33.3 (13) 44.1 (15) 40.6 (13) 54.8 (17) 42.6 (58)
Lower Secondary 7.7 (3) 17.6 (6) 6.3 (2) 12.9 (4) 11.0 (15)
Upper Secondary 10.3 (4) 5.9 (2) 9.4 (3) 19.4 (6) 11.0 (15)

College/University 0 (0) 2.9 (1) 0 (0) 0 (0) 0.7 (1)

Mean age (SD) 40 (19–65) 38 (18–57) 42 (25–74) 45 (21–64) 41 (18–74)
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The mean number of pigs per household was 4.2 (SD = 3.2). Most households (66.2%)
kept their pigs confined in pens, while 40.3% kept them tethered, and 25.9% kept them
partly confined (Table 2). In 11.5% of the households, the pigs were let to roam freely
during at least some part of the year. Almost 80% of the households fed their pigs with
kitchen or food waste from markets or local restaurants. Of these, 70% stated that the food
waste could sometimes contain meat, and 39.0% did not cook the food waste before feeding
it to the pigs. Around half of the participating households (54.7%) treated their pigs with
antiparasitic drugs, but the type of drugs was not specified in the survey.

Table 2. Housing system for the pigs in four provinces in Cambodia *.

Kampong Thom
% (n)

Preah Vihear
% (n)

Ratanakiri
% (n)

Stung Treng
% (n)

All
% (n)

Confined in pen 66.7 (26) 38.2 (13) 77.1 (27) 83.9 (26) 66.2 (92)

Tethered 48.7 (19) 41.2 (14) 28.6 (10) 41.9 (13) 40.3 (56)

Partly confined 5.1 (2) 70.6 (24) 22.9 (8) 6.5 (2) 25.9 (36)

Free roaming 10.3 (4) 23.5 (8) 5.7 (2) 6.5 (2) 11.5 (16)

* Several response alternatives were possible.

The average age of the pigs in Kampong Thom and Preah Vihear was 12.5 (SD 13.5) and
11.7 (SD 9.0) months, respectively, which was significantly higher than in Ratanakiri and
Stung Treng where the sampled pigs were 6.7 (SD 6.8) and 5.4 (SD 3.9) months, respectively.
Only 5% of the pigs were older than 2 years.

3.2. Food and Hygiene Habits

Nearly all households (98.6%) consumed pork, most commonly two to five times per
week (41.9%) (Table 3). Among the pork consumers, 96.3% cooked the meat until it was
brown or grey throughout before consumption. However, 20.7% sometimes consumed
pork that was raw or not properly cooked. Most households (91.2%) purchased pork from
the market or the mobile market (a motorbike driving around in the villages selling meat).
However, one-third (33.8%) of the respondents sometimes slaughtered their own pigs, of
which 89.4% used the meat for own consumption, while 25.5% sold it to others. Several
responses were possible for this question, and some households reported both practices.

Table 3. Pork consumption habits among respondents in four provinces in Cambodia.

Kampong Thom
% (n)

Preah Vihear
% (n)

Ratanakiri
% (n)

Stung Treng
% (n)

All
% (n)

Pork consumption *
Every day 5.4 (2) 29.4 (10) 26.5 (9) 9.7 (3) 17.6 (24)

2–5 times/week 21.6 (8) 41.2 (14) 44.1 (15) 64.5 (20) 41.9 (57)
Once a week 10.8 (4) 2.9 (1) 8.8 (3) 6.5 (2) 7.4 (10)

2–3 times/month 13.5 (5) 20.6 (7) 0 (0) 16.1 (5) 12.5 (17)
Once a month 48.6 (18) 5.9 (2) 20.6 (7) 3.2 (1) 20.6 (28)

Cooking level of pork **
Cooked (brown/grey) 100 (37) 100 (34) 93.9 (31) 90.3 (28) 96.3 (130)

Cooked (red/pink) 0 (0) 0 (0) 75.8 (25) 6.5 (2) 20.0 (27)
Uncooked (raw) 0 (0) 0 (0) 0 (0) 3.2 (1) 0.7 (1)

Frequency of eating
raw/red/pink ***

Sometimes - - 96.0 (24) 100 (1) 96.2 (25)
Often - - 4.0 (1) 0 (0) 3.8 (1)

* All but two respondents (both in Kampong Thom) reported to consume pork and where asked a follow-up question about frequency of
consumption. One of these did not respond to this question (n = 136). ** Several responses possible. *** Two of the respondents (both in
Stung Treng) that reported to consume raw/red/pink pork did not answer this follow-up question (n = 28).
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The respondents were shown a picture of meat with cysticercosis cysts and asked if
they had ever seen similar cysts when cooking pork. Of the 28.9% that answered ‘yes’,
89.7% chose to not eat any of the meat, whereas 7.7% removed the affected parts and ate
the rest, and 2.6% cooked the meat extra well before consumption (Table 4).

Table 4. Practices related to observations of cysts in pork in four provinces in Cambodia.

Kampong Thom
% (n)

Preah Vihear
% (n)

Ratanakiri
% (n)

Stung Treng
% (n)

All
% (n)

Have you seen cysts in the meat?
Yes 8.1 (3) 41.2 (14) 15.2 (5) 54.8 (17) 28.9 (39)
No 91.9 (34) 58.8 (20) 84.8 (28) 45.2 (14) 71.1 (96)

If yes, what did you do?
Did not consume 33.3 (1) 85.7 (12) 100 (5) 100 (17) 89.7 (35)

Cut away part with cysts 66.7 (2) 7.1 (1) 0 (0) 0 (0) 7.7 (3)
Cooked it extra well before consumption 0 (0) 7.1 (1) 0 (0) 0 (0) 2.6 (1)

Most households (74.0%) had a pit latrine, while 19.7% used the bush/field as a toilet
(Table 5). Only two households had a flushing toilet. In 89.1% of the families, the members
always, or usually, washed their hands before eating, while in 10.9% of the families, the
members never, or rarely, did this.

Table 5. Sanitary and hygiene habits among the included households in four provinces in Cambodia.

Kampong Thom
% (n)

Preah Vihear
% (n)

Ratanakiri
% (n)

Stung Treng
% (n)

All
% (n)

Kind of toilet
Flushing toilet 2.6 (1) 3.0 (1) 0 (0) 0 (0) 1.6 (2)

Pit latrine 82.1 (32) 66.7 (22) 58.6 (17) 88.5 (23) 74.0 (94)
Bush/field 2.6 (1) 30.3 (10) 41.4 (12) 7.7 (2) 19.7 (25)

Other 12.8 (5) 0 (0) 0 (0) 3.8 (1) 4.8 (6)

Can pigs come in contact with stool?
Yes 35.9 (14) 63.6 (21) 12.5 (4) 12.9 (4) 31.9 (43)
No 64.1 (25) 36.4 (12) 87.5 (28) 87.1 (27) 68.1 (92)

Washed hands before eating
Yes, always 20.5 (8) 58.8 (20) 90.9 (30) 80.6 (25) 60.6 (83)

Most of the times 48.7 (19) 35.3 (12) 9.1 (3) 16.1 (5) 28.5 (39)
Not so often 30.8 (12) 2.9 (1) 0 (0) 3.2 (1) 10.2 (14)

Never 0 (0) 2.9 (1) 0 (0) 0 (0) 0.7 (1)

3.3. Awareness of Cysticercosis and Trichinellosis

Of the participating households, 75.5% had heard of cysticercosis, of which 76.5%
claimed that they could explain what it is. The majority (98.1%) were aware that pigs could
get infected, but only 22.1% knew that humans could get infected too. Of the respondents
who knew that humans can get infected, 91.3% claimed that they knew how people get
infected. However, out of the respondents who knew that pigs can get infected, only 22.4%
claimed to know how pigs get infected. Correspondingly, 5% of the respondents had heard
of trichinellosis, of which half reported to be able to explain the disease. All of the six
participants answering the follow up questions were aware that pigs could get infected,
but only three were aware that humans could get infected.

3.4. Prevalence and Risk Factors

In total, 11.2% of the sampled pigs (n = 242) tested positive for cysticercosis and 2.5%
tested positive for Trichinella spp. infection (n = 238 due to four missing results from the
ELISA) (Table 6). The true prevalence for cysticercosis (given 96.9% sensitivity and 99.3%
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specificity as reported by the manufacturer) was 10.9%, and for Trichinella spp. infection
(given 97.1% sensitivity and 99.5% specificity as reported by the manufacturer) 2.1%. Pigs
positive for Taenia spp. cysts were significantly (p = 0.002) older (mean 14.1 months, SD
2.9) than negative pigs (8.2 months, SD 0.6). There was no significant effect on age on
seropositivity for Trichinella spp. infection.

Table 6. Serological results for porcine cysticercosis and Trichinella spp. infection in four provinces
in Cambodia.

Kampong Thom
% (n)

Preah Vihear
% (n)

Ratanakiri
% (n)

Stung Treng
% (n)

All
% (n)

Cysticercosis

Positive 12.7 (8) 31.4 (16) 4.8 (3) 0 (0) 11.2 (27)

Negative 87.3 (55) 68.7 (35) 95.2 (60) 100 (65) 88.8 (215)

Trichinella infection

Positive 1.6 (1) 2.0 (1) 4.9 (3) 1.5 (1) 2.5 (6)

Negative 98.4 (60) 98.0 (50) 95.1 (58) 98.5 (64) 97.5 (232)

Preah Vihear had a significantly higher cysticercosis prevalence compared with the
other provinces (p < 0.001). The prevalence of cysticercosis was significantly higher in
free-roaming and partly confined pigs (p < 0.001), while there was a significantly lower
prevalence among pigs confined in pens (p = 0.004). For pigs that could come in contact
with the toilet/stool, the prevalence of cysticercosis was significantly higher (p < 0.001).
No association between type of toilet and cysticercosis prevalence was found. Neither
was there any significant association between having seen cysts in the pork meat when
preparing it and porcine cysticercosis. A significant (p = 0.002) association between the
sex of the respondent and whether the respondent had heard of cysticercosis was found,
where males were more likely to report having heard of the disease. No associations were
found between knowledge of cysticercosis and whether the pigs could come in contact with
stool, type of toilet, if the pigs were confined in pens or education level of the respondent.
For Trichinella spp. infection, there was a significant association between seropositivity
and feeding the pigs with food waste (p = 0.048). Antiparasitic treatment of pigs was
significantly (p = 0.005) associated with lower risk for Trichinella spp. infection. However,
no additional associations between Trichinella spp. seropositivity and management could
be found.

Male respondents had a higher tendency to consume inadequately cooked pork meat
(i.e., pink/red/raw) compared with female respondents (p < 0.001). The tendency was also
higher among respondents in Ratanakiri (p < 0.001), and among respondents that reported
to have heard about cysticercosis (p < 0.004).

4. Discussion

There was a significant difference in antigen prevalence of cysticercosis between the
provinces, where Preah Vihear had a higher prevalence (31.4%; p < 0.001) compared with
the other provinces. In Preah Vihear, it was not as common to keep pigs confined in pens
as in the other provinces, and in almost two-thirds of the households, the pigs could come
in contact with human faeces. Around 40% of the respondents in Preah Vihear had at one
or more occasions seen cysts in the pork meat. Despite this, the knowledge of cysticercosis
seemed to be lowest in Preah Vihear, where more than 40% of the respondents never had
heard of the disease. These results confirm that management systems are of importance
in preventing the disease. Absence of adequate meat inspection at the slaughterhouses,
in combination with lack of knowledge of the disease in an area with presence of porcine
cysticercosis, may pose a public health risk. Proper education of the veterinarians and
staff responsible for the meat inspection at the slaughterhouses is important. Since home
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slaughter is a common practice, as shown in this study, it is also important to educate
farmers on the disease. Men were significantly more likely to have heard of cysticercosis in
the present study, and therefore women should initially be targeted.

The prevalence of cysticercosis was higher in this study compared to a study con-
ducted in south-central Cambodia where the prevalence among pigs from smallholders
was 7.6% [21]. The higher prevalence in the present study might be explained by the char-
acteristics of the farms included, since high-risk areas and farms were purposely selected.
In the study by Adenuga et al. [21] there was only one smallholder farm (0.9%, n = 115).
However, porcine cysticercosis was also prevalent among confined pigs that were not
supposed to have access to human faeces. In the present study, 8.4% of the confined pigs
were positive for cysticercosis. This prevalence was lower compared to the prevalence of
pigs that were not confined (22.2%). This could potentially be explained by environmental
contamination, an explanation that has also been highlighted by Braae et al. [22]. Many
of the farms had free-roaming poultry which could easily access the pig pens. Moreover,
piglets were often free-roaming, and pigs often escaped the pens.

Most respondents (76%) had heard of cysticercosis, but few knew about the infection
route. Similar results have been reported in a study in Tanzania, where 93% of pig keepers
were aware of porcine cysticercosis and 23% knew how pigs got infected [23]. In the
present study, respondents that had heard of cysticercosis were significantly more likely to
consume raw or undercooked pork meat, although that is a risk factor for infection with
Taenia solium [14,24]. This might imply that “heard of” a disease is not an adequate question
to measure the knowledge level among the respondents. Additionally, many respondents
might answer ’yes’ simply to provide an answer they believe to be satisfactory, so called
social desirability bias [25].

The seroprevalence of porcine Trichinella spp. infection was only 2.5% in this study,
despite targeting high risk areas. Studies conducted in neighboring countries have found
the seroprevalence to be 5.6% in Vietnam [26], and ranges between 2.1% and 14.4% in
different provinces in Lao PDR [18,27]. In the present study, the highest seroprevalence of
Trichinella spp. infection within a province was in Ratanakiri (4.9%), which was significantly
higher compared with the other provinces in the study. Furthermore, respondents in
Ratanakiri were more likely to consume raw or undercooked pork, which is the most
common infection route for humans to acquire trichinellosis [28,29]. Although we only
investigated the seroprevalence among the pigs, people’s behaviours evidently affect the
risk of getting infected. In that respect, Ratanakiri could be considered a province with a
higher risk of human trichinellosis.

There was a considerable difference in the reported awareness of the diseases, where
almost 76% had heard of cysticercosis, compared with 5% that had heard of trichinellosis.
This could perhaps be explained by the fact that, in the case of cysticercosis, visible cysts
can be observed in the meat which is not the case for Trichinella spp. infection. Information
campaigns should therefore be conducted in the country to inform about the risk of
consuming inadequately cooked pork meat, since all diseases are not detectable by the
human eye. These campaigns should not only be targeted towards farmers, but to the
general public. Most meat was reported to be purchased through informal sources, such as
the mobile markets, and thus the meat does not undergo any sanitary meat inspections,
which also often is lacking in official slaughterhouses [21].

Feeding kitchen waste or waste from markets and restaurants to the pigs was com-
monly practiced by the households. This waste could often contain meat and almost 40%
reported not cooking it properly before feeding it to the pigs. Feeding inadequately cooked
meat to pigs is a known risk factor for Trichinella spp. infection in pigs [15]. In the present
study, we found an association between the practice of feeding food waste and pigs being
seropositive for Trichinella spp. infection. Other known risk factors are exposure to rodents
and wildlife [15,30]. Although no association between housing system and Trichinella spp.
infection was found in the present study, most farms could not prevent smaller animals
from entering the pig pens. However, due to the current situation with African swine
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fever in Cambodia at the time of the study (October 2019), many farmers had temporarily
confined their pigs. In 2017, a large outbreak of human trichinellosis occurred in the
Kampong Thom province in Cambodia after consumption of raw wild pig meat infected
with Trichinella papuae [31], making possible feeding of waste from carcasses from hunted
wild animals to domesticated pigs another plausible way of transmission of Trichinella spp.
from the wild to the domestic habitat.

Treatment with antiparasitic drugs was shown to be associated with a lower risk for
Trichinella spp. infection. However, this study did not investigate what kind of antiparasitic
drugs had been used, how or when the drugs were administrated, or at what dosage, which
are factors that most likely affect the treatment results. Furthermore, the seroprevalence of
porcine Trichinella spp. infection in the studied villages was low, thereby making it uncertain
whether the parasite was even prevalent among the pigs that received the antiparasitic
treatment. Thus, this could be treated as a distracting factor. Moreover, it is conceivable
that farmers who treat their animals with antiparasitic drugs also feed their pigs proper
food, hence preventing Trichinella spp. infection.

Use of ELISA has limitations in diagnosing parasitic diseases, but compared to other
serological methods, it is easy to use and can be performed in most laboratories, which
is why it was selected for this study. Detecting antibodies is only evidence of previous
exposure, but as the infection with T. spiralis can last more than 2 years [32] and less than
5% of the pigs in this study were older than this, it can be used to assess prevalence. The
ELISA used to detect antibodies against Trichinella spp. had a relatively high sensitivity
(97.1–97.8%) and specificity (99.5–99.8%) [20]. However, even with a specificity as high as
99.5%, the low prevalence (2.5%) found in this study means that the positive predictive
value of a positive result is also low; only 83%.

For the cysticercosis antigen detection ELISA, test performance had been evaluated in
a study with 31 infected animals where all the samples gave positive results indicating a
high sensitivity [33]. Theoretically, an ELISA can be sensitive enough to detect one viable
cysticerci [34]. However, one publication using an in-house antigen ELISA found low
sensitivity and specificity in rural pigs, where many pigs only had very few cysticerci [35].
One problem with the assay used is that it is not species-specific for Taenia spp., which
has to be taken into consideration since other species than Taenia solium are prevalent in
Asia, e.g., Taenia asiatica. In Southeast Asia, T. solium and T. asiatica are both present, but the
distribution of T. asiatica in Cambodia is unknown, perhaps because molecular methods are
necessary to differentiate it from T. saginata which causes cysts in cattle [36–38]. Therefore,
these results can only be interpreted as positive for Taenia spp. cysts, but both T. solium and
T. asiatica cause taeniasis in humans and have public health importance. Given the sensi-
tivity and specificity from the manufacturer, the positive predictive value at a prevalence
of 11% was 94.5%. Another limitation of the cysticercosis assay is that it does not detect
degenerated or calcified cysticerci, only viable cysticerci, and that circulating antigens are
not detectable earlier than two weeks post infection, as shown in experimentally infected
pigs [34]. In absence of viable cysticerci, assays that detect levels of circulating antibodies
can be used to investigate exposure of the parasite [39]. However, antibodies are rarely
present in cases with calcified cysts [14]. If serological tests detecting antibodies instead
of antigens had been used in this study, it could have impacted the results by identifying
more animals exposed to Taenia spp., due to presence of antibodies not being interpreted
solely as ongoing infection, seeing as detectable antibodies also may derive from, e.g.,
passive immunity (transfer of maternal antibodies) or previous infection [40]. Further-
more, studies have shown that pigs infected with T. solium can suffer from behavioural
changes and develop clinical signs, such as seizures, which are similar to human neuro-
cysticercosis [41,42]. Viable cysticerci have mild or no surrounding inflammation, while
degenerating cysts provoked by immune-mediated inflammation are linked to the clinical
manifestations [14,43]. The methods used in this study would have been unable to detect
a pig that only had degenerated cysticerci, and thereby making it impossible to know
how many pigs might have been missed. However, an earlier study, which performed
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dissections on 18 pigs with infections confirmed with dissections, found that 3 pigs had
only dead cysticerci, and no viable cysticerci at all [35]. This may imply that for every
5 pigs found with a method detecting viable cysticerci, 1 pig with degenerated cysticerci
is missed. In humans, calcified cysts are associated with seizures, and considering this,
infected pigs with degenerating or calcified cysts might have shown clinical signs of illness
and therefore not been sampled. Meaning, that the assay in this study may have failed to
detect some infected pigs, although, this is not likely to be of major importance considering
the moderate prevalence found in this study.

5. Conclusions

In this study, the prevalence of Taenia spp. cyst antigens and antibodies to Trichinella
spp. muscle larvae among pigs in rural Cambodia were 11.2% and 2.5%, respectively. The
prevalence of the two infections varied significantly by province. Management systems for
the pigs and pigs’ access to toilet/stool were two risk factors significantly associated with
positivity for porcine cysticercosis. Seropositivity for porcine Trichinella spp. infection were
significantly associated with feeding food waste to the pigs. Some previously demonstrated
risk factors for human cysticercosis and trichinellosis were prevalent. Several different
risk factors could be identified for porcine cysticercosis and Trichinella spp. infection.
The results of this study can be used to give recommendations to improve both porcine
and human health in these provinces, especially in the provinces at higher risk. Further
research in other parts of Cambodia would be of interest to get a better understanding of
the situation and epidemiology of these two zoonotic diseases, and should, in particular,
include humans to determine the potential public health risk.
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