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Background: Parasite infections, unlike regulated animal diseases, do not often receive attention. In fact, parasites are major
sources of financial losses in pig enterprises, particularly in subsistence and small-scale pig production systems.

Objective: To identify and quantify the prevalence of ecto- and endo-parasites among peri-urban free-roaming pigs (FRP) in Gert

Sibande District Municipality (GSDM), Mpumalanga.

Method: Pig owners were identified using the snowball sampling method since no sampling frame for FRP farmers exists. Stratified
sampling was used to select pigs for sampling for ecto- and endo-parasites. A form was used to record the observations. Pairwise
correlation analysis was performed using Stata 15.0. The SPSS V28.0 statistical package was used to perform the chi-square test
(X?) to assess the distribution of parasites in different age groups. The prevalence of parasites was assessed in different age groups
of pigs using multi-response crosstabs. Multivariate analysis of variance (MANOVA) was used to estimate the marginal mean of
parasites according to municipality. Statistical significance was assessed at a < 0.05.

Results: Over 90% (91.2%) of the pigs examined were infested with at least one parasite, including Haematopinus suis, Sarcoptes
scabiei, Ascaris suum, Fasciola hepatica, Trichuris suis, Strongylids, Coccidia spp, Moniezia expansa, and Siphonaptera spp. The
correlation between Ascaris suum and body condition was weak but statistically significant (r = 0.24; p < 0.05).

Conclusion: Policy makers, animal researchers and veterinary services must focus on developing policies, risk communication
and community engagement materials, which target pig farmers in peri-urban areas such as Gert Sibande District Municipality,

Mpumalanga Province.
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Introduction

Pig farming has been recognised as a means of alleviating
poverty, creating jobs, ensuring food security, providing a source
of protein, and contributing to national GDPs (Adebisi 2008;
Nonga & Paulo 2015; Odo et al. 2016; Nwafor et al. 2019). These
recognitions are based on the fact that pigs have distinguishing
traits, including rapid growth, excellent feed conversion, ease of
housing and slaughter, need for smaller land area per unit, high
fecundity, high protein content (pork), and ease of adaptation
to diverse climatic situations. Despite the pig’s outstanding
performance, the pig industry is constrained by multiple yet
overlooked challenges.

For many years, the South African pig industry has experienced
numerous production-related and animal health issues with
severe economic implications. Certain pig production systems
used in the industry, particularly the extensive pig production
system, act as catalysts for disease outbreaks. Such outbreaks
may include, but are not limited to, classical swine fever (CSF),
African swine fever (ASF) and salmonellosis. In the peri-urban
areas of Mpumalanga Province (MP), including near human
dwellings, open areas, along streams, and around garbage

dumps, numerous pigs can be spotted roaming freely. In addition,
a previous study conducted in MP confirmed that numerous pigs
were slaughtered at home without the ante-mortem inspection
by authorised veterinary services (Munzhelele 2015; Munzhelele
et al. 2017; DCGTA, 2020). This situation portends high food
safety and health risks to both humans and animals from the
informal pig sector.

Parasitic diseases are commonly disregarded in smallholder
pig farming, largely because unlike some rapidly spreading
infectious diseases, parasitic diseases hardly cause enormous
mortality. Furthermore, parasite infections, unlike regulated
animal diseases, do not receive much attention in South Africa.
Moreover, a high burden of parasite infestation can have severe
negative economic impacts on the pig industry.

Ecto- and endo-parasites are major limitations to financial well-
being and productivity in smallholder pig operation. In fact,
previous research has shown that parasites have an ultimate
effect on productivity and production outputs such as poor
growth rate, litter size, low birth weight, reduced weight gain,
poor feed conversion efficiency, decreased appetite, poor
fertility, emaciation in pigs, condemnation of damaged organs
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after slaughter, respiratory distress, and high mortality and may
lead to significantly high treatment costs. In addition, some
parasites from pigs have zoonotic potential (Nsoso et al. 2000;
Ngowi et al. 2004; Stewart & Hoyt 2006; Sowemimo et al. 2012;
Kagira et al. 2012; Wilson & Swai 2014; Kumsa & Kifle 2014; Nonga
& Paulo 2015; Nwafor et al. 2019).

Parasitic infections and infestations of the host may occur
through contaminated feeds, water, pasture, and direct contact
with pigs from infected areas, rearing pigs in filthy conditions,
and poor farm management (Soulsby 1982; Damriyasa et al.
2004; Kagira et al. 2013; Nsoso et al. 2006; Tamboura et al. 2006).
The lack of biosecurity and parasite control in small-scale farm
settings exacerbates the situation in pig farming (Munzhelele
2015; Munzhelele et al. 2021). Furthermore, poor management,
insufficient nutrition, a free-roaming pig (FRP) rearing system,
and poor herd health, all of which predominate the smallholder
farming system, are the leading causes of parasite endemicity in
pig farming.

To date, the occurrence or prevalence of ecto- and endo-
parasitism among FRP in the Gert Sibande District Municipality
(GSDM)’s peri-urban areas (PUA) are unknown and hence require
investigation. The purpose of this study was to identify and
quantify the prevalence of ecto- and endo-parasites in free
roaming pigs in the peri-urban areas of GSDM, Mpumalanga
Province, and to assess the impact of parasitic load on the
performance of FRP in the PUA of Mpumalanga Province.

Materials and methods

Study area

South Africa has nine provinces with a total area of 1221 037 km2.
Mpumalanga is South Africa’s second-smallest province after
Gauteng, occupying approximately 79 494 km?2. Mpumalanga
Province has three district municipalities, including: Gert
Sibande, Nkangala and Ehlanzeni. The district shares boundaries
with three provinces locally, and including Free State, Gauteng
and Kwazulu Natal and one international border with eSwatini.
The current study was conducted in the Gert Sibande District
Municipality (GSDM). The GSDM (26.5471°S, 29.9741°EF) is the
largest district in MP covering 31 845,9 km? (41% of the total
land area of Mpumalanga). It consists of seven municipalities,
including Msukaligwa, Govan Mbeki, Dipaliseng, Lekwa, Pixley
ka Seme, Mkhondo and Chief Albert Luthuli (Figure 1). Mining
(26%) is the largest economic sector in GSDM, followed by
manufacturing (18%), community services (15%), and agriculture
with only 3%. The district is hampered by high poverty rates
(46.5%) and large unemployment (38.4%) (COGTA, 2020).

Data collection

The participants were identified using the snowball sampling
method since no sampling frame exists for free-roaming pig
farmers (FRP). The first FRP farmer in each community was
identified through the assistance of the district or municipal
animal health professional, and thereafter, snowball sampling
was utilised to recruit other farmers into the study. For the pigs,
the stratified random sampling method was used to select pigs
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Figure 1: Gert Sibande District Local Municipality with GPS points for data collected

Source: DARDLEA GIS unit
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used for ecto- and endo-parasite samples. The pig population
that made up the study population was divided into five strata
(groups) and included: 33 boars (12 months + male), 78 sows
(12 months + female), 33 finishers (8-11 months), 64 growers
(5-7 months) and 75 piglets/weaners (1-4 months). In each
stratum, one pig was randomly selected. A total of 283 samples
were collected from 283 pigs from seven different municipalities
in GSDM. In addition, data was collected from 124 farmers using
structured questionnaires.

An outbreak of African Swine Fever (ASF) in most study
regions followed by an outbreak of Foot and Mouth disease
in cattle in a nearby province delayed the onset of the study.
Dipaliseng, Lekwa, Govan Mbeki, and Msukaligwa were among
the municipalities devastated by the earlier outbreaks of ASF,
which occurred between 2020 to early 2022. To minimise the
risk of spreading infectious diseases (ASF), this investigation was
therefore postponed, re-planned and a heightened biosecurity
protocol integrated into the survey plan. Permission to begin
data collection was acquired from the state veterinarian. All
biosecurity protocols were strictly followed at all times, including
separating farm areas into low and high-risk areas, visiting the
low-risk farms first, changing shoe covers where necessary,
reducing interaction directly with the pigs, not visiting more
than three farms per day, using disinfectant to sanitise hands,
shoes and other equipment used such as pig holder and pig
handling boards. No single case of ASF or any other infectious
disease in pigs was recorded in all the areas where the research
was carried out, both during and after data collection.

Pig handling

To reduce the risk of trauma and injury to the pigs and the
handler, standard pig handling practices were followed. Pigs
were managed in line with the Animal Protection Act 71 of 1962
by following standard procedures for handling violent animals
in the pig industry. To restrain the pigs during data collection,
plastic handling boards and pig snares were used. To minimise
stressing the pigs, data was collected as quickly as feasible taking
cognisance of the five welfare principles of Webster (Webster
2016).

Small pigs were captured by their hind legs and pulled up by
placing a hand beneath the piglet’s chest to support its weight.
To restrict movement during handling, the piglets were carefully
restrained. By doing so, the researcher and other team members
were able to collect the samples without compromising the
welfare of the piglets. After the procedures of collecting samples
were completed, the piglet was placed on the floor as soon as
possible, by letting both front limbs contact the floor surface
before being gently lowered onto their hind legs. To minimise
the risk of spreading infections between pigs, the equipment
used was disinfected between procedures in water containing
F10 (an antiseptic solution containing benzalkonium chloride
and polyhexanide).

Pigs weighing more than 10 kg were caught using a pig snare. As
shown in Appendix 1a, the snare restraint was manoeuvred into
the mouth and placed behind the canine teeth (tusks), and held
gently, safely, yet firmly without compromising the welfare of the

pig. The pig was freed from the pig snare as quickly as possible
by gently releasing the snare.

Faecal sample collection

Fresh faeces were collected directly from the pig rectum
through gentle rectal massage. But if the pig voided faeces in
the presence of the researcher, the core of the freshly voided
faeces was collected. Approximately 5 g of faeces were collected
from the rectum of each pig. A new sterile latex glove was used
for each pig, or from the freshly voided faeces. The gloves were
lubricated with liquid paraffin before insertion of the gloved
fingers into the rectum. The samples were stored in a sterile
cooler bag with ice packs to maintain the integrity of the sample.
The collected samples were delivered to Mpumalanga Provincial
Veterinary Laboratory (MPVL) on the same day of collection
and stored in the refrigerator (2-8 °C). The examination of the
samples was done within three days of collection.

Collection of skin scrapings

Skin scrapings were done in different areas of the pigs (i.e. on
the neck, in the inner part of the ear, the tip of the tail or back
of the ear). Care was taken to minimise bleeding from the skin
by rubbing a few drops of liquid paraffin into the skin before
the surface was extensively scraped with the scalpel. Masking
tape was used after the samples had been assembled to seal the
slides. The slides were examined under a stereo microscope.

The collected lice were placed in 5% formalin or methylated
spirits in the plastic specimen following the procedure used by
Laha (2015). Procedures describe by previous researchers were
used to identify the lice (Lapage 1968; Odo et al. 2016). Standard
laboratory protocols and the standard operating procedures
(SOPs) of MPVL were used to process all samples. All the sampled
pigs were sprayed with wound spray (Zoetis Terramycin wound
spray [oxytetracycline hydrochloride 4 g and blue marker dye]),
to avoid flies and infection after taking skin scrapings.

The animal samples were accompanied by a form, which
contained the following information: unique code, municipality,
age, sex, weight, breed, and body condition. The form was
completed for each pig that was sampled (see Appendix 2).

Faecal egg count

The McMaster approach as simplified by Roepstroff and Nansen
(1998) and Kaufmann (1996), was used to conduct faecal egg
counts (FECs). The FECs were expressed as eggs per gram (EPG)
of faeces. An empty bottle was placed on a weighing scale tared
to 0 g for each sample, and 2 g of faeces was inserted into the
empty bottle. The 2 g of faeces were thoroughly mixed with 58
ml of 40% sugar solution (400 g sugar mixed with 1 000 ml hot
water and 20 ml of 10% formalin to prevent growth of fungus)
using a mortar and pestle. A plastic pipette was used to pick the
mixture and fill the McMaster counting chamber. The McMaster
was loaded, and then left to stand for five minutes to allow the
eggs to float to the surface of the 40% sugar solution. Using the
microscope (10x magnification), the eggs were counted in the
grid of the two chambers on the McMaster slide. The sheep
counter was used to count the eggs. Then, all of the available
eggs were identified, and the number of eggs was recorded.
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Statistical analysis

and the the
parasitological analysis were entered in a Microsoft Excel

Matched variables laboratory data from
spreadsheet version 2016 (Microsoft Corporation, Redmond,
Washington, USA). Pairwise correlation (r) analysis was conducted
to determine correlated association of pig characteristics (sex,
age, body conditions score and breed) with the parasites from
the faecal and skin scrapping samples. Significant p values
was set at < 0.05 using Bonferroni-adjusted significance level
in Stata 15.0 (StataCorp LLC, College Station, Texas, United
States). Furthermore, the prevalence of parasites was assessed
in different age groups of pigs using multi response crosstabs of
SPSS V28.0 (IBM corp 2021). The chi-square test (X?) was used to
assess the distribution of parasites in different age groups of FRP
in GSDM peri-urban areas. The multivariate analysis of variance
(MANOVA) was used to estimate the marginal mean of parasites
according to municipality. The cross tabulation was used to
assess the relationship between parasites and the age of the pig,
parasites and the municipality, parasites and the type of breed,

and finally parasites and the body condition score of the pig (as
indicated by Coffey et al. 1999).

Results

Animal characteristics correlated with parasites

A total of 283 pigs of various ages were sampled. The association
between Ascaris suum and body condition was weak but
significant (r = 0.24; p < 0.05). Similarly, the association between
Ascaris suum and H. suis was weak but significant (r = 0.20; p <
0.05), while the correlation between Ascaris suum and Coccidia
spp. was moderate but significant (p < 0.05). In addition, Trichuris
suis was a moderate positive predictor for Coccidia spp. (r = 0.37;
p < 0.05) but a weak positive predictor for Strongylids (r = 0.24;
p < 0.05). Finally, the association between the Strongylids and T.
suis was moderate predictor (r = 0.48; p < 0.05) (Table I).

Distribution of parasites in different free-roaming pig age
groups

Sarcoptes scabiei was commonly isolated in all age categories,
with the highest prevalence observed in pigs aged > 12 months

Table I: Pairwise correlation analysis of animal characteristics and observed parasites from pigs, Mpumalanga Province

Sex Age Breed Body H.suis  S.scabiei A.suum Coccidia Fasciola T.suis Strongylids

condition spp. hepatica

Sex 1.000

Age -0.197* 1.000

Breed 0.002 0.022 1.000

Body condition -0.038 -0.190 0.112 1.000

H. suis 0.030 -0.175 0.123 0.074 1.000

S. scabiei -0.074 0.049 -0.116 0.070 0.089 1.000

A. suum -0.042  -0.090 0.039 0.240* 0.200* -0.080 1.000

Coccidia spp -0.048 0.054 0.008 0.005 -0.127 -0.024 0.490* 1.000

Fasciola hepatica 0.022 0.034 0.143 0.073 0.178 -0.094 0.154 0.111 1.000

Trichuris suis -0.033 0.068 0.070 0.169 -0.063 -0.041 0.120 0.366* 0.041 1.000

Strongylids -0.021 0.059 -0.026 0.096 -0.0004 -0.006 0.145 0.244* 0.058 0.482* 1.000

Sex (Female = 0; Male = 1); Age (< 1 year = 0; > 1 year = 1); Breed (exotic = 0; indigenous and indigenous crosses = 1); Body condition (ideal, fat or obese = 0; thin or emaciated = 1); H. suis (Negative

= 0; Positive = 1); Sarcoptes scabiei (Negative = 0; Positive = 1); Ascaris suum (Negative = 0; Positive = 1); Coccidia spp. (Negative = 0; Positive = 1); Fasciola hepatica (Negative = 0; Positive = 1);

Trichuris suis (Negative = 0; Positive = 1); Strongylid nematodes (Negative = 0; Positive = 1).*represents significance level of p < 0.05. All bold values were significant.

Interpretation of pairwise correlation analysis: The higher the absolute value of the correlation coefficient, the stronger the

relationship. Typically, absolute values between 0 and 0.29 are considered weak correlations, 0.3-0.49 are considered moderate,

while anything between 0.5 and 1 is treated as a strong correlation.

Table II: Distribution of parasites in different FRP age groups in GSDM, MP. Total number of pigs sampled was 283.

Parasites Age of the pigs
< 4 Months (%) 5-7 Months (%) 8-11 Months (%) > 12 Months (%)

Haematopinus suis 29.5 25.0 14.8 30.7
Sarcoptes scabiei 28.0 19.7 10.7 41.6
Ascaris suum 26.2 28.0 12.1 336
Coccidia spp 29.6 24.3 53 40.8
Trichuris suis 15.8 26.3 7.9 50.0
Strongylids 10.3 345 34 51.7
Fasciola hepatica 0.0 50.0 0.0 50.0
Moniezia expansa 0.0 16.7 333 50.0
Siphonaptera 28.6 57.1 0.0 143
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Table IlI: Multi-response frequency of parasite recorded from laboratory test results in GSDM. The EPG ranged from 100 to 5 200; NA = Not

applicable.

Parasites Responses (n) Proportion of total parasites observed (%) True prevalence of cases observed (%)
Haematopinus suis 88 14.4 31.1
Sarcoptes scabiei 178 29.2 62.9
Ascaris suum 107 17.6 37.8
Coccidia spp 152 25.0 53.7
Trichurus suis 38 6.2 134
Strongylid nematodes 29 48 10.2
Fasciola hepatica 4 0.7 1.4
Moniezia expansa 1.0 2.1
Siphonaptera 7 1.1 2.5
Total 609 100.0 NA

(41.6%) and < four months (28.0%) (Tables Il and Ill). Coccidia
spp. showed a similar pattern, with a high prevalence observed
in pigs aged = 12 months (40.8%) and < 4 months (29.6%). The
prevalence of Haematopinus suis did not change significantly
across three age groups: > 12 months and older (30.7%), four
months (29.5%), and five to seven months (25.0%). Trichuris
suis, Strongylids, Fasciola hepatica, and Moniezia expansa were
all quite predominant in pigs 12 months or older, with 50.0%,
51.7%, 50.0%, and 50.0%, respectively (Table Il).

Observational findings in peri-urban areas of Gert
Sibande District Municipality

Pigs were seen free-roaming in sewerage areas, streams,
immobile dams and crossing roads. In terms of feeding, the
following were observed: pigs fed dead chicken and swill,
feeders used without cleaning, or disinfecting and being fed
from the soiled floor. The use of unwashed drums as storage for
swill. Bones, plastics and kitchen utensils were also observed in
the pig pens.

Prevalence of parasites in the peri-urban free-roaming
pigs of Gert Sibande District Municipality, Mpumalanga
Province

Sarcoptes scabiei and Coccidia spp. were the most frequently
recovered parasites in peri-urban FRP of GSDM accounting for
29.2% and 25.0% of the total parasites recovered and observed in
62.9% and 53.7% of the pigs respectively (Table lll). The following
parasites were also observed in the study area: A. suum (37.8%),

Table IV: Distribution of pig parasites according to municipality in GSDM

H. suis (31.1%), Trichuris suis (13.4%), and Strongylid nematodes
(10.2%) (Table Ill). Other parasites (Siphonaptera spp., Moniezia
expansa and Fasciola hepatica) were less frequently recovered
from the FRP in the GSDM.

The prevalence of parasites in FRP from the different
municipalities varied. Mkhondo had the highest prevalence of H.
suis (50.0%), followed by Msukaligwa (37.5%) and Govan Mbeki
(12.5%). On the other hand, H. suis was not isolated in certain
municipalities such as Chief Albert Luthuli Municipality (CALM),
Lekwa, Pixley ka Seme, and Dipaliseng (Table IV). Sarcoptes
scabiei was found in 9.6% of the pigs tested in each of CALM and
Dipaliseng. Govan Mbeki (28.7%) and Mkhondo (15.2%), each
yielded a higher number of positive samples. Only 7.2% of the
pigs from each of Pixley ka Seme and Lekwa were positive.

The municipalities with a high percentage of pigs positive for
Ascaris suum were Mkhondo (41.1%), followed by Govan Mbeki
(30.8%). Dipaliseng (11.2%), Msukaligwa (9.3%), and CALM
(7.5%) had lower A. suum prevalence. All pigs tested negative for
A. suum in the municipalities of Pixley ka Seme and Lekwa (Table
V).

In GSDM peri-urban areas, Govan Mbeki (39.5%) reported the
highest prevalence of FRP that were positive for Coccidia spp.
This was followed by Mkhondo (22.4%) and Dipaliseng (9.7%),
with the other municipalities showing lower numbers of
positive FRPs (Table IV). None of the pigs (0%) in Pixley ka Seme
tested positive for Coccidia spp. Trichuris suis was discovered in

Parasites Msukaligwa (%) Mkhondo (%) Govan Mbeki (%) CALM (%) Dipaliseng (%) Pixley kaSeme (%) Lekwa (%)
H. suis 375 50.0 125 0.0 0.0 0.0 0.0
Sarcoptes scabiei 225 15.2 28.7 9.6 9.6 7.2 7.2
Ascaris suum 9.3 41.1 30.8 7.5 11.2 0.0 0.0
Coccidia spp 5.9 224 395 3.9 19.7 0.0 8.6
Trichuris suis 0.0 237 0.0 53 71.0 0.0 0.0
Strongylids 10.3 311 20.7 0.0 379 0.0 0.0
Fasciola hepatica 0.0 100 0.0 0.0 0.0 0.0 0.0
Moniezia expansa 0.0 0.0 50.0 50.0 0.0 0.0 0.0
Siphonaptera 100 0.0 0.0 0.0 0.0 0.0 0.0

Note: Only the parasites that tested positive are listed in Table V by percentages. CALM = Chief Albert Luthuli Municipality.
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Figure 2: The body condition score of pigs by sex.

Note that the body condition score (BCS) was graded according to standards
(Canadian Pork Council:
https://www.cpc-ccp.com/uploads/userfiles/files/ACA-Appendix-10.pdf).

only three municipalities, with Dipaliseng having the highest
percentage of positive cases (71.0%). Mkhondo (23.7%) and
CALM (5.3%), on the other hand, had lower parasite burdens
than Dipaliseng (Table V). Trichuris suis was not found in the
other four municipalities. Strongylid was the least observed
parasite in the GSDM, with Dipaliseng having (37.9%) the
highest prevalence rate, followed by Mkhondo (31.1%), Govan

Table V: The prevalence of parasites in various pig breed types and sex

Mbeki (20.7%), and Msukaligwa (10.3%). In the remaining three
municipalities, strongylid detection was negative.

Surprisingly, Fasciola hepatica and Siphonaptera fleas were only
reported in Mkhondo and Msukaligwa respectively (Table IV).
Moniezia expansa was found in two municipalities, CALM and
Govan Mbeki, with each reporting a 50% prevalence (Table IV).

Slightly less than half of the male (44.8%) and fewer females
(36.5%) had an ideal BCS (Figure 2). Approximately 42.2% and
46.1% of the male and female FRP in GSDM had a BCS that
ranged from emaciated to thin and only 12.9% and 17.4% male
and female had fat to overfat BCS respectively.

The exotic breeds raised in the peri-urban free-roaming settings
were more vulnerable to different parasites. As shown in Table
V, a high number of exotic pigs were positive for H. suis (68.2%),
Sarcoptes scabiei (79.8%), Ascaris suum (73.8%), Coccidia spp
(75.7%), Trichuris suis (68.4%), Strongylids (79.3%), Moniezia
expansa (100%) and Siphonaptera spp (100%). The exception
was Fasciola hepatica, which had a higher proportion (50%) of
positive pigs among the crosses as compared to both the exotic
breed and indigenous breeds. The indigenous breeds had the
least parasite burden.

In terms of sex, female pigs (167) had a higher parasite load
than the male pigs (116) (Table V). The exception was Fasciola
hepatica which was found in equal proportions (50%) in both
male and female pigs (Table V).

Type of breed Sex

Parasites Exotic breed (%) Cross of exotic breed & Indigenous breed (%) Male (%) Female (%)

(n=215) Indigenous breed (%) (n =37) (n=31) (n=116) (n=167)
H. suis 68.2 19.3 125 43.2 56.8
Sarcoptes scabiei 79.8 14.0 6.2 38.2 61.8
Ascaris suum 73.8 15.0 11.2 383 61.7
Coccidia spp 75.7 15.1 9.2 38.8 61.2
Trichuris suis 68.4 237 7.9 36.8 63.2
Strongylids 79.3 20.7 0.0 379 62.1
Fasciola hepatica 25.0 50.0 25.0 50.0 50.0
Moniezia expansa 100 0.0 0.0 333 66.7
Siphonaptera spp 100 0.0 0.0 429 571
Table VI: The frequency of parasites based on the different pig body condition score
Parasites Emaciated (%) Thin (%) Ideal (%) Fat (%) Overfat (%)
H. suis 9.1 40.9 375 12.5 0.0
Sarcoptes scabiei 10.7 36.5 393 124 1.1
Ascaris suum 16.8 43.0 28.0 10.3 1.9
Coccidia spp 11.2 336 40.8 12.5 2.0
Trichuris suis 15.8 50.0 34.2 0.0 0.0
Strongylids 20.7 379 379 34 0.0
Fasciola hepatica 0.0 75.0 25.0 0.0 0.0
Moniezia expansa 16.7 16.7 333 333 0.0
Siphonaptera 0.0 28.6 714 0.0 0.0
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The pigs that had a thin or ideal BCS tended to carry a higher
parasite burden than those with an emaciated BCS. The least
parasite burden was found among the fat and overfat pigs.
Moniezia expansa (33.3%) was predominant in pigs with an
ideal and fat BCS (Table VI), while thin pigs (75.0%), had a higher
proportion of Fasciola hepatica-positive pigs. Siphonaptera
infestation was also high in pigs with ideal body conditions
(71.4%) (Table VI).

Discussion

Free-roam pig keeping appears to contribute to the prevalence
of the various endo- and ecto-parasites observed in this study.
Although, results reported here are not as high as those found
in free-roaming pigs elsewhere, they are consistent with results
from a study that was done in Botswana in which the following
was observed: Ascaris suum — 54.55%; Trichostrongylus spp. —
20.45% and Trichuris suis — 6.82% (Nsoso et al. 2000). Results of
the present study are also consistent with those from Romania
(Baies et al. 2022). Based on our observations, pigs were
discovered scavenging in sewage, streams, dumping areas,
being fed dead chickens, feeding from soiled flooring, and being
fed swill during the course of the study (results not shown).
The overall prevalence of ecto- and endo-parasites was 91.2%.
This is similar to findings of a study from Nepal that reported a
prevalence of 91% (Adhikari et al. 2021). They are also consistent
with results of a study from Burkina Faso in which a prevalence of
92.7% was observed (Tamboura et al. 2006). However, findings of
the present study contrasted with those from a study conducted
in the Free State Province (SA) that observed a lower prevalence
(79.2%) (Nwafor et al. 2019).

Sarcoptes scabiei as well as Coccidia spp. Ascaris suum and
Haematopinus suis were the most common parasites among
FRP in the peri-urban areas of Mpumalanga Province. On
the other hand, Siphonaptera, Moniezia expansa and Fasciola
hepatica were the least prevalent parasites in the study area.
These finding were not surprising as most of these parasites are
soil-borne and the FRP may encounter them frequently while
searching for food in the environment (Omudu & Amuta 2007).
The recovery of Moniezia expansa, a large tapeworm commonly
associated with the small intestines of ruminant livestock (i.e.
sheep, goats and cattle) is a significant finding. This parasite has
been reported as an incidental finding in pigs from a few studies
globally. For example, Gomez-Puerta et al. (2008) in Peru, Matos
etal. (2011) in Mozambique. and Adelakun et al. (2021) in Nigeria
have reported it. The present study focused on FRP, and because
some farmers in the study area employ mixed farming methods,
FRP interact freely with these other livestock species; this could
explain the finding of Moniezia expansa in our study. This view
is supported by Matos et al. (2011) who linked the occurrence
of Moniezia expansa in pigs to a scenario in which pigs picked
up the parasite while grazing on the same pasture with cattle
and goats. It is plausible that this Moniezia expansa can gain
entry into pigs through food and water sources (Soulsby 1982).
This is supported by the fact that the prevalence of Moniezia
expansa was significantly higher in CALM (50%, p < 0.05) and
Govan Mbeki (50%, p > 0.05), areas where pigs and goats shared

facilities for night kraaling. This observation will need further
evaluation.

Fasciola hepatica was observed in 1.4% of the pigs. However, this
was lower than previously reported in Ethiopia (2.8%) by Tomass
et al. (2013). The researchers in the Ethiopian study linked the
occurrence of F. hepatica in pigs to irrigated urban and peri-
urban crop production practices, in which crops are watered
with wastewater that may contain the intermediate hosts of F.
hepatica. In this study, pigs were observed (results not shown)
consuming water from dumping sites, burst sewerage streams,
and still rain dams. Therefore, some of the pigs might have
inadvertently eaten the snail hosts. However, a similar study in
Uganda failed to detect F. hepatica in pigs (Roesel et al. 2017).

The proportion of pigs carrying ecto-parasites (96.5%) in this
study was higher than those reported in Mbeya in Tanzania
(84%) (Braae et al. 2013) and in Nigeria (50.75%) (Odo et al.
2016). H. suis was predominantly identified around the ears,
neck, and abdomen (Braae et al. 2013), and these may have
been contracted through direct contact with neighbouring pigs
and/or during pasturing (Damriyasa et al. 2004; Braae et al.
2013). According to Islam et al. (2006), H. suis causes hair loss,
dandruff, and thickening of the skin in pigs. Although, previous
researchers have suggested a link between H. suis and ASF
or swine pox (Sanchez & Badiola 1966; Doster 1995; Permin
et al. 1999; Damriyasa et al. 2004), our results did not confirm
this suggestion. Based on the veterinary health records in the
province, the Mkhondo municipality has never had an ASF
outbreak, yet the prevalence of H. suis was 50.0%. However,
the other two municipalities that had H. suis (Msukaligwa at
37.5% and Govan Mbeki at 12.5%) both had ASF outbreaks in
the previous years. Furthermore, Dipaliseng and Lekwa have
reported numerous outbreaks of ASF, yet, all pigs from these
municipalities tested negative for H. suis. It is worth noting
that this is the first report of H. suis in pigs from Mpumalanga
Province.

According to findings reported here, Sarcoptes scabiei was
prevalent among FRPs (62.9%). Around the world, Sarcoptic
mange is the most frequent external parasite of pigs. It is not
unusual to report more than 50% prevalence for Sarcoptic
mange in pigs (Odo et al. 2016). For example, Islam et al. (2006)
reported a prevalence of 57.30% in Bangladesh, while Kagira
et al. (2013) reported 63.7% in Kenya. A high proportion of
infected sows infested with ecto-parasites has been related to
a high rate of piglet mortality (Ozsvari 2018). However, Jufare
and colleagues have linked variation in the proportion of pigs
infested with parasite to changes in management systems, pig
breed, nutrition, climatic conditions, animal health practices, and
government policies, which are the key barriers in pig farming. In
this study, the high occurrence of parasites is attributed to the
fact that pigs were allowed to roam freely in the peri-urban area.

The overall the burden of A. suum infection in the peri-urban FRP
of GSDM in Mpumalanga Province was 37.8%. However, research
in the neighbouring province of Free State (SA) found a higher
prevalence of Ascaris suum (44.5%). Pigs aged 12 months and
older had a higher percentage with A. suum (33.6%).
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Previous results have also noted A. suum as the most common
parasite among scavenging pigs (Kumar et al. 2002; Ngowi et
al. 2004; Tamboura et al. 2006; Matos et al. 2011; Kagira et al.
2013; Odo et al. 2016). The high infestation with A. suum among
growing pigs has been documented as a cause of poor growth,
anaemia and even death (Nsoso et al. 2000; Ngowi et al. 2004;
Tamboura et al. 2006; Tomass et al. 2013; Taylor 2015; Jufare et
al. 2015). The A. suum eggs can survive inclement weather and
some chemicals, and they may last for extended periods of time
while still being viable and infectious (Roepstorff & Nansen
1998). This could explain the high prevalence of A. suum in FRPs
in the present and previous studies.

Results reported inTable | revealed that the relationship between
A. suum and Coccidia spp. was statistically significant (p < 0.05).
This suggests that a high prevalence of A. suum in young pigs
seven months and younger could be linked to a high prevalence
of Coccidia spp in these age groups. Furthermore, this can be
understood to mean that pigs infected with A. suum are more
likely to be infected with Coccidia spp. or vice versa. Furthermore,
according to Nonga and Lugendo (2015), A. suum infestation is
linked somewhat with pig body condition (p < 0.05).

Results of the present study did not demonstrate the existence
of an association between age and different parasites (p > 0.05).
This contrasts with findings of studies conducted in Northern
Ethiopia and Bangladesh, which found an association between
parasites and age (Islam et al. 2006). On the other hand, this
study agreed with findings of the study by Tomass et al. (2013),
who found no association between sex and parasites.

Strongylid nematodes were observed in only 10.2% of the
pigs tested in the present study. However, this was slightly
higher than the 6.6% reported in South Korea (Lee et al. 2022).
Mkhondo municipality with a percentage of 31.1% had the
highest prevalence of Strongylids. Furthermore, Strongylids were
most prevalent in emaciated to thin pigs (58.6%) and pigs older
than 12 months (51.7%). The high percentage of Strongylids may
be attributed to Mkhondo municipality’s high rainfall, which
ranges from 701 mm to 1 200 mm when compared to other
municipalities. As previously stated, the majority of Strongylids
were detected in older pigs, and this could be attributable to the
fact that older pigs are usually large and hence are not usually
included in the pigs that are treated. This is because it is difficult
to handle large pigs without proper handling equipment.

Coccidia, a protozoan parasite was observed in 53.7% of the
peri-urban FRP in GSDM. This is much higher than the 0.3%
recorded in South Korea (Lee et al. 2022); 5.6% in Ethiopia (Abdu
& Gashaw 2010); 29.9% in China (Gong et al. 2021) and 12% in
Kenya (Jufare et al. 2015). However, findings of the present study
are lower than the 72.7% observed in Free State (Nwafor et al.
2019). The highest proportion of pigs positive for Coccidia was
seen in Govan Mbeki municipality (39.5%; p < 0.05), Msukaligwa
(22.4%; p < 0.05), and Dipaliseng (19.7%; p < 0.05). Coccidia spp.
was more prevalent in female pigs (61.2%) and pigs with a thin to
ideal body condition score (74.4%). Exotic breeds (75.67%) and
12-month-old pigs (40.8%) were the most afflicted by Coccidia
spp. Meanwhile, in China, the prevalence of Coccidia infection
was 19.9% in the suckling and 26.2% in the finishing age groups.

Coccidia infections had a moderately positive correlation with
the presence of other parasites including T. suis (r = 0.366; p

< 0.05) and Strongylids (r = 0.244; p < 0.05). The prevalence of
Coccidia in this study was associated with the observed feeding
of dead chicken (poultry), continuous use of feeders without
cleaning, and drums used for swill storage that were not
cleaned or sterilised. The high prevalence of Coccidia in pigs
causes diarrhoea, anorexia, weight loss in piglets, haemorrhage,
reduced weight gain (Dione et al. 2018; Nwafor et al. 2019; Gong
et al. 2021). In addition, Strongylids have previously been linked
todiarrhoeain pigs, which canlead to weightloss and even death.
This could explain why pigs in this study that had Strongylids
were found to have BCS that varied from emaciated to thin. The
negative effects of the parasites causes stunted growth in the
pig, hence delaying marketing which can exacerbate financial
loss in the pig industry.

Trichuris suis, had a lower prevalence in the GSDM (13.4%) but a
higher prevalence in Dipaliseng (71.0%; p < 0.05). Female pigs
and pigs older than 12 months were the most infested with T.
suis, (63.2% and 50%, respectively). Furthermore, T. suis was
most prevalent in exotic breeds (68.4%) and in pigs with BCS
ranging from emaciated to thin (65.8%). However, no pigs with
BSC ranging from fat to overfat were infected with T. suis. These
findings suggest that T. suis is associated with loss of weight and
poor BCS among pigs, which can result in low profit and poor
pig performance.

The high percentage of pigs with T. suis observed in this study, can
be linked to poor management or husbandry techniques among
peri-urban FRP. It could also be explained by the fact that T. suis
eggs are resilient and can tolerate unfavourable environmental
circumstances for up to four years (Urquhart et al. 2003; Nwafor
etal. 2019).This increases the risk of exposure of FRPs to the eggs
of T. suis.

Siphonaptera flea is not a common parasite and hence it has
rarely been studied in pigs. Of note, Siphonaptera flea was
discovered in several peri-urban areas of Msukaligwa. The flea
was most common in female pigs (57.1%), exotic breeds (100%),
pigs with thin to ideal BCS (85.7%), and pigs younger than seven
months (100%). Considering that Siphonaptera feeds on the skin,
this study discovered that it occurs in exotic breeds and young
pigs with ideal BCS. Siphonaptera was most likely discovered in
young pigs, with soft skins like that of exotic breeds, rather than
indigenous breeds.

Finally, previous workers have confirmed co-infestations with
various parasites among free-roaming and intensively managed
pigs, with a significant impact on their productivity (Kagira
2010; Greve 2012; Baies et al. 2022). Co-infections may lead to
severe negative effects (clinical signs, duration, and treatment)
associated with the impact of multi-parasitism on pig health
either through synergistic or antagonistic interaction, which may
be complicated by resident microbial pathogens (Vaumourin et
al. 2015; Kouam et al. 2022). Parasites, on the other hand, play
a significant role as a hidden cause of economic loss, including
slower growth rate, weight loss, and fewer litters of small size
(Pattison et al. 1980; Wilson & Swai 2014; Odo et al. 2016). There
is an urgent need to educate farmers who allow pigs to roam
freely in peri-urban areas about the threat of parasites and
preventative measures they can adopt.

According to Sowemimo et al. (2012), parasite infestation can be
prevented or minimised by adopting appropriate management
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strategies such as routine daily cleaning and disinfection of the
environment, feeding of high-quality commercial feed, and
timely application of efficient anthelminthic drugs. Furthermore,
according to Nonga and Lugendo (2015), understanding the
disease’s spectrum and epidemiology is critical in developing
effective control strategies targeted at enhancing the country’s
pig industry. At the end of this investigation, an itinerary with the
occurrence of parasites in each municipality and the necessary
control measures will be established for FRP farmers.

Free-roaming pigs carry a variety of ecto- and endo-parasites
in the peri-urban areas of GSDM, Mpumalanga Province with
implications on animal and human health. This may directly
negatively affect the performance and productivity of pigs
reared under FRPs farming system.

Ascaris suum and T. suum were observed in this study. These
parasites have zoonotic potential and hence the observed
prevalence of these parasites in this study is of serious public
health concern (Poudel 2018). According to Taylor (2015),
zoonotic infections are a major threat for public health and other
animals. Furthermore, de Silva et al. (2003) linked the T. suis and A.
suum to the severity of A. lumbricoides and T. trichiura, known to
infect 1 221 and 795 million individuals worldwide, respectively.
This adds to the significance of observing A. suum and T. suum in
the free-roaming pigs in the study area.

Conclusion

A total of nine different parasites were found including H. suis,
S. scabiei, A. suum, F. hepatica, T. suis, Strongylids, Coccidia spp, M.
expansa, and Siphonaptera. Parasitic infestation and infection is
very high among FRPs, with approximately nine (9) out of every
10 FRP in Gert Sibande District Municipality positive for at least
one or more parasites. These findings have implications for
performance in these pigs characterised by lower growth rates,
lower sow and boar reproductive efficiency, and lower feed
conversion efficiencies (Hale & Stewart 1979; Polley & Mostert
1980; Hale et al. 1985; Ozsvari 2018) with resultant decreased
income return in the pig farming industry.

Findings of this study confirmed that sex, age, breed, and body
condition scores are not good predictors of internal and external
parasitosis in pigs. This conclusion was also reached by Roesel et
al. (2017) and Symeonidou et al. (2020) who also observed that
these indicators do not predict pig parasitosis in small-scale pig
enterprises in Central and Eastern Uganda, and in Greek farrow-
to-finish pig farms respectively.

As found in this study, pigs older than 12 months
were more susceptible to parasites than younger pigs.
We also found that the most troublesome parasites in the peri-
urban free-roaming practice of GSDM, Mpumalanga Province,
were S. scabiei (69.3%) and Coccidia spp. (59.1%). Female pigs,
pigs with thin ideal body condition scores, and exotic breeds
were most likely to have parasite infestations under the peri-
urban free-roaming practice. We attributed these findings to
poor management and unrestrained movement. With the advent
of numerous diseases in the Republic of South Africa, we suggest
that agricultural regulations (peri-urban farming) be revised in
order to control and prevent parasites in FRPs in peri-urban
areas. Policy makers, animal researchers and veterinary services
must focus on developing policies and risk communication

and community engagement (RCCE) materials, which target
pig farmers in peri-urban areas such as Gert Sibande District
Municipality, Mpumalanga Province to reduce disease burdens
in humans and animals.
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Appendix 1: Pictures taken during
data collection.

Appendix 1d: Boar hold with pig snare during data collection.

Appendix 1a: H. suis under microscope.
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Appendix 1f: Ascaris suum collected during data collection.

Appendix 1c: Pigs feeding with dogs. Appendix 1f: Ascaris suum collected during data collection.
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Appendix 2: Score sheet for weighing pigs, faecal and skin scrape samples

Questionnaire number:

Municipality:

Picture for body condition score

BODY CONDITIONING GUIDE

A healthy pig is a happy pig

1anan

1. Emaciated 2.Thin 3. ldeal 4. Fat 5. Overfat

Picture courtesy: American Mini Pig Association (www.americanminipigassociation.con).

Body condition scoring

ID no AGE SEX BCS WEIGHT OBSERVATIONS
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