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Abstract

Previous research on trichinellosis in Africa focused on isolating Trichinella from wildlife
while the role of domestic pigs has remained highly under-researched. Pig keeping in
Uganda is historically recent, and evidence on zoonotic pig diseases, including infection
with Trichinella species, is scarce. A cross-sectional survey on Trichinella seroprevalence in
pigs was conducted in three districts in Central and Eastern Uganda from April 2013 to Janu-
ary 2015. Serum from a random sample of 1125 pigs from 22 villages in Eastern and Central
Uganda was examined to detect immunoglobulin G (IgG) against any Trichinella spp. using
a commercially available ELISA based on excretory-secretory antigen. ELISA positive sam-
ples were confirmed using Western Blot based on somatic antigen of Trichinella spiralis as
recommended in previous validation studies. Diaphragm pillar muscle samples (atleast5 g
each) of 499 pigs from areas with high ELISA positivity were examined using the artificial
digestion method. Overall, 78 of all 1125 animals (6.9%, 95% CI: 5.6-8.6%) tested positive
for antibodies against Trichinella spp. in the ELISA at significantly higher levels in Kamuli
district compared to Masaka and Mukono districts. Thirty-one percent of the ELISA positive
samples were confirmed IgG positive by the Western Blot leading to an overall seropreva-
lence of 2.1% (95% CI: 1.4-3.2%). The large proportion of ELISA positive samples that
could not be confirmed using Western blot may be the result of cross-reactivity with other
gastrointestinal helminth infections or unknown host-specific immune response mecha-
nisms in local pig breeds in Uganda. Attempts to isolate muscle larvae for species determi-
nation using the artificial digestion method were unsuccessful. Due to the large number of
muscle samples examined we are confident that even if pigs are infected, the larval burden
in pork is too low to pose a major risk to consumers of developing trichinellosis. This was the
first large systematic field investigation of Trichinella infection in domestic pigs in Uganda
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and its results imply that further studies are needed to identify the Trichinella species
involved, and to identify potential sources of infection for humans.

Introduction

Human trichinellosis is acquired through the ingestion of the first-stage larvae of the nematode
Trichinella in raw or undercooked meat from domestic animals, mainly pigs, and game. Clini-
cally relevant infections can initially cause diarrhoea and abdominal pain; subsequently,
migrating larvae and their metabolites may provoke fever, facial oedema and myalgia, or even
fatal myocarditis. The severity of the symptoms may depend on the infection dose and the Tri-
chinella spp. causing the infection [1].

The nematode Trichinella is cosmopolitan and found everywhere except the Antarctica.
Eight species and four genotypes have so far been documented, five of them in Africa: T. brit-
ovi in North and West Africa, Trichinella T8 in Namibia and South Africa, T. nelsoni in Eastern
and South Africa, T. zimbabwensis in Southern and Eastern Africa and T. spiralis in Egypt [2-
5]. While a wide range of host species can be infected (mammals, birds and reptiles), only
humans show clinical signs in case of infection [1]. While human infection is strictly related to
the consumption of raw or undercooked infected meat [3], the major risk factors associated
with infection in pigs are the ingestion of infectious first-stage larvae by scavenging, or feeding
on scraps from pig slaughter or game hunting [6].

Most previous research on trichinellosis in Africa focused on isolating Trichinella from
wildlife [7-13], and it was long believed that in Africa, Trichinella infection essentially affects
wild carnivores [14] and that pigs are not infected with Trichinella in East Africa. Outbreaks of
human trichinellosis in Africa date back several decades and were documented in Egypt [15],
Northwest Ethiopia [16,17], Kenya [18] and Tanzania [19]. Other cases have been diagnosed
in France in travellers returning from Senegal [20], a patient in Japan after travelling to Kenya
[21], and travellers returning to the United States of America from Africa [22]. These cases of
human trichinellosis have been mostly associated with the consumption of game meat, espe-
cially bush pig (Potamochoerus sp.) and warthog (Phacochoerus sp.). The prevalence in wildlife
by regions and countries in Africa has been synthesized in recent reviews [5,8] but the real
prevalence of human trichinellosis in Africa in general, and Uganda in particular, remains
unknown.

Only two studies on Trichinella-specific antibodies in domestic pigs in sub-Saharan Africa
have been published, both from Nigeria, and reporting seroprevalences of 40% (48/120) [23]
and 11% (49/450) [24]. Attempts to directly detect muscle larvae from potentially naturally
infected domestic pigs have been made in Northern Tanzania [25] and Ghana [26], but unsuc-
cessfully. However, in Egypt, where T. spiralis had previously been documented, muscle larvae
could be isolated by means of artificial digestion [15,27].

In sub-Saharan Africa, human population is growing rapidly and urbanization is increasing
while most of the food is produced in the rural areas by smallholder farmers. Pig keeping has
become a popular income-generating activity across Eastern Africa. However, pigs are not a
traditional livestock species in the region and, in Uganda, evidence on zoonotic pig diseases
has been scarce and limited to pigs as a reservoir for Trypanosoma species as well as the natural
intermediate host for Taenia solium [28]. The presence of porcine Trichinella infection in
Uganda was reported to the World Organisation for Animal Health (OIE) in 2008 but without
any further provision of details [29].
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The objectives of the present survey were to investigate if domestic pigs in Uganda are
exposed to Trichinella by means of indirect methods in order to estimate if consumers are at
risk of contracting trichinellosis through pork consumption.

Materials and Methods
Ethics statement

The research involved obtaining information from pig farmers and sampling of live animals as
well as meat sampling from butcheries. Approval was obtained from the Research and Ethics
Committee at the College of Veterinary Medicine, Animal Resources and Biosecurity, Maker-
ere University, Kampala (Ref.: VAB/REC/13/103) and from the Uganda National Council for
Science and Technology (Ref.: A 525). Informed consent was obtained from all individual par-
ticipants included in the study.

Study area

A cross-sectional survey was conducted in three districts in Central and Eastern Uganda from
April 2013 to January 2015. Uganda is located between 4°N and 1°S of the equator in East
Africa at the northern shores of Lake Victoria. Due to its proximity to the equator, the climate
is tropical savannah in most parts of the country with abundant vegetation and rainfall.
Despite its small size, the country’s fauna is extremely diverse [30] and located in more than 60
protected areas, including ten national parks, and more than 500 forest reserves.

Site selection

As part of a research for development project led by the International Livestock Research Insti-
tute (ILRI) and partners, Kamuli, Mukono and Masaka districts were selected with a range of
stakeholders. Details of the process and criteria are described elsewhere [31,32]. Based on the
2008 livestock census [33], four to six sub-counties with a high pig population were purpo-
sively selected, and villages were further categorized into value chain domains by means of a
checklist and consultation with local partners. Value chain domains describe the spatial
dimensions of production and consumption of pigs: rural production for rural consumption
(rural-rural, RR), rural production for urban consumption (rural-urban, RU) and urban pro-
duction for urban consumption (urban-urban, UU) [31]. In each district, two sub-counties
were purposively selected, and within each sub-county, two to three villages were randomly
selected. From a total of 35 villages [31], 22 villages were purposively selected for the present
prevalence study (Fig 1), based on available financial and logistic resources.

Sample size calculation

The original sample size was calculated to estimate district-level prevalence and considering
an infinite population using n = [Z*P(1-P)]/d* where n is the required sample size; Z is the
multiplier from a standard normal distribution (1.96) at a probability level of 0.05; P is the esti-
mated prevalence which is most conservatively estimated to be 50% considering there is no ref-
erence data from pigs in the area under study; (1-P) is the probability of having no disease and
d is the desired precision level (5%). Therefore, a sample size of 384 pigs per district was
required for the study. To increase precision, a sample size of 400 pigs in each district was
planned.
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Fig 1. Twenty-two villages were selected for a multi-pathogen survey in pigs in three districts of Central and Eastern Uganda, April to July 2013.
(Pamela Ochungo/ ILRI)

doi:10.1371/journal.pone.0166258.9001

Selection of the individual animals

In each of the 22 selected villages, a list of all households keeping pigs was generated in collabo-
ration with the local government. From that list, households were randomly selected and
invited to participate. Per household, one animal was selected for blood collection if it was
aged three months or older, not weak or emaciated, not pregnant, and did not have a litter less
than two months old.

Pigs were restrained using a snare and bled from the cranial vena cava using BD Vacutai-
ner® needles and BD Vacutainer® plain tubes. The blood samples were kept standing in an
ice box at 4°C to avoid haemolysis. At the field laboratory, blood was centrifuged and serum
harvested into barcoded vials that were stored at -20°C until processed at Makerere University
in Kampala, Uganda. Prior to shipment to Friedrich-Loeffler-Institute, Greifswald, Germany,
the samples were heat-inactivated at 56°C for 20 minutes.
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Enzyme-linked immunosorbent assay (ELISA)

A commercially available ELISA based on excretory-secretory (E/S) antigen was used to detect
immunoglobulin G (IgG) against any Trichinella spp. in pig sera (PrioCHECK® Trichinella
Ab, Prionics AG, Wagisstrasse 27A, CH-8952 Schlieren). According to the manufacturer, the
PrioCHECK®) Trichinella Ab ELISA showed a sensitivity and specificity of 100% in an in-
house validation study [34].

The assay was performed according to the manufacturer’s instructions in a four-step proto-
col: serum was diluted 1:50 and incubated on plates coated with E/S antigen of Trichinella spir-
alis; a peroxidase-labelled anti-pig IgG was used as a secondary antibody bound to the antigen;
a chromogen (TMB) substrate was added and the optical density of the sample was measured
by reading the test plate at 450 nm wavelength (Sunrise™ Tecan, powered by Magellan™ soft-
ware). The results were calculated in percent positivity (PP) in reference to the positive control
sample. Results at or above the manufacturer’s cut-off of 15% PP were considered ELISA
positive.

Confirmatory testing

It is recommended that ELISA positive samples are tested by Western Blot for confirmation of
the presence of IgG antibodies against Trichinella spp. [35,36]. While the ELISA was based on
E/S antigen, the Western Blot used for confirmatory testing in this study was based on somatic
antigen from crude worm extract (CWE) of Trichinella spiralis first-stage larvae [37]. In addi-
tion to all relevant protein fractions of the E/S antigen (43-45 and 66-67 kDa), it includes frac-
tions 47, 61, and 102 kDa which are Trichinella-specific [36]. In validation studies evaluating
CWE- against E/S-Western Blot and using artificial digestion as ‘gold standard’, the CWE--
Western Blot showed a sensitivity ranging from 95.8-91.1% and a specificity ranging from
99.5-100% [35,36]. In this study, it was performed on all ELISA positive samples, and a ran-
domly selected subset of ELISA negative samples (n = 16) for internal quality control. Sera that
showed an antibody reaction to any of the five immunogenic protein bands mentioned above
were considered Western Blot positive.

Artificial digestion

In an attempt to isolate Trichinella muscle larvae for species determination, 499 pig diaphragm
samples from four clusters with a high antibody prevalence based on the ELISA test were col-
lected from October 2014 to January 2015. Diaphragm muscle is the major predilection site
for Trichinella spp. in domestic swine [38,39]. Artificial digestion according to OIE instruc-
tions [40] was carried out at the Central Diagnostic Laboratory at the College of Veterinary
Medicine, Animal Resources and Biosecurity, Makerere University in Kampala, Uganda. A
positive control of Trichinella spiralis was provided by the National Reference Laboratory for
Trichinella hosted by the Federal Institute for Risk Assessment in Berlin, Germany.

Muscle samples of at least 5 g per animal were tested to increase sensitivity of the artificial
digestion method [37,39,41]; 102 samples weighed 5 g; 396 samples 10 g and one sample 20 g.
Up to 20 samples with a total weight of 100 g were examined in a pool by artificial digestion
method [40].

Household survey data

Using a structured questionnaire, information on self-reported husbandry and consumption
practices was collected at each household from where a pig was sampled.
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Data management

ELISA results were exported to Microsoft Excel, Version 2010, from the ELISA reader using
Magellan™ software. Laboratory data from Western Blot and artificial digestion were entered
into Microsoft Excel, Version 2010. Household data were entered using Census and Survey
Processing System, Version 4.1. (U.S. Census Bureau), and subsequently exported to MySQL
for data validation. Datasets were merged for cleaning and descriptive analysis in STATA 13.1
(StataCorp).

Results
Antibody prevalence

Overall, 78 of 1125 animals (6.9%, 95% CI: 5.6-8.6%) tested positive for antibodies against Tri-
chinella spp. in the ELISA (Table 1), with significant differences across districts (p < 0.001),
sub-counties (p < 0.05) and value chain types (p = 0.05) (Fig 2). Most ELISA positive samples
were found in Kamuli district, which is dominated by an RR value chain type, compared to
Mukono and Masaka districts.

Table 1. Prevalence estimates for anti- TrichinellalgG (PrioCHECK® Trichinella Ab) in three districts in Central and Eastern Uganda, sampled
between April and July 2013.

District
Kamuli

Total
Masaka

Total
Mukono

Total
Grand Total

Village

(1) Baluboinewa
(2) Bukyonza B
(3) Kantu zone
(4) Ntansi

(5) Butabala
(6) Isingo A

(7) Kyamuyimbwa-Kikalala
(8) Butego

(9) Kijjabwemi

(10) Kyabakuza B

(11) Kisoso

(12) Ssenya

(13) Kanoni-Bukunda

(14) Lukindu

(15) Ssenyange A

16) Dundu

17) Kyoga

18) Joggo

19) Kitete

20) Bugoye-Kabira
21) Kazo-Kalagala
22) Nsanja-Gonve

(
(
(
(
(
(
(

Value chain type® Sample size (n) ELISA+ Prevalence estimate® (confidence limits)
RR 46 3 6.5% (2.1-18.6%)
RR 28 4 14.3% (5.4—-32.9%)
RR 110 20 18.2% (12.0-26.6%)
RR 105 6 5.7% (2.6-12.2%)
RR 39 1 2.6% (0.4-16.5%)
RR 65 16 24.6% (15.6-36.6%)
393 50 12.7% (9.8-16.4%)
RU 31 0 0%
RU 28 0 0%
uu 41 0 0%
uu 36 0 0%
RU 56 2 3.6% (0.9-13.4%)
RR 37 1 2.7% (0.4—17.3%)
RU 51 1 2.0% (0.3-12.9%)
RR 40 5 12.5% (5.2-27.0%)
uu 47 2 4.3% (1.1-15.7%)
367 1 3.0% (1.7-5.3%)
RU 56 2 3.6% (0.9-13.4%)
RU 52 1 1.9% (2.7-12.7%)
RR 62 5 8.1% (3.4-18.1%)
RR 54 2 3.7% (0.9-13.8%)
RR 47 3 6.4% (2.1-18.2%)
RR 51 0 0%
RR 43 4 9.3% (3.5-22.5%)
365 17 4.7% (2.9-7.4%)
1125 78 6.9% (5.6—-8.6%)

&Spatial dimensions of production and consumption of pigs [31]: rural production for rural consumption (RR); rural production for urban consumption (RU);

urban production for urban consumption (UU)
bCalculated at p = 0.05 and CI

=0.95

doi:10.1371/journal.pone.0166258.t001
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Fig 2. Prevalence estimates and confidence levels for anti- TrichinellalgG (PrioCHECK Trichinella Ab) in three districts in Central and
Eastern Uganda, sampled between April and July 2013.

doi:10.1371/journal.pone.0166258.g002

Twenty-four (30.8%) of the 78 ELISA positive samples were confirmed IgG positive by the
Western Blot leading to an overall seroprevalence of 2.1% (95% CI: 1.4-3.2%) (Fig 3 and
Table 2). There were no significant differences in the Western Blot prevalence between dis-
tricts (Fig 4). However, the proportion of confirmed samples showed a reverse order with
most ELISA positive samples confirmed in Mukono district (47%), followed by Masaka (36%)
and Kamuli (24%) districts. All ELISA negative samples used for internal quality control tested
negative in the Western Blot.

Artificial digestion

A total of 499 diaphragm samples were collected from 32 butcheries, representing all butcher-
ies operating in the four sub-counties with the highest ELISA prevalence at the time of sam-
pling. Trichinella muscle larvae were not detected in any of the samples.

Descriptive analysis

Two-thirds of the households participating in the survey were male-headed (67.0%) with a
more equal ratio (60:40) in Masaka district. The majority of the households in the study were
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Fig 3. Four of the 78 ELISA positive samples tested by Western Blot based on somatic antigen (strip
18-21). Strip 22 represents the positive control and strip 23 the negative control.

doi:10.1371/journal.pone.0166258.9003

members of the Christian faith (94.0%) and four pig keeping households (0.4%) in Masaka
and Mukono districts were headed by Muslims. In all districts, the most commonly found
herd size was two to five pigs (39.4% of households); households keeping only one pig were
more common in rural Kamuli (28.5%), while in Masaka and Mukono districts, keeping six to
ten pigs was more frequent. The most commonly reared breeds (58.3%) were crosses between
the so-called local (black) and exotic (i.e. Large White, Camborough) breeds.

Most of the animals (76.7%) were raised in rural settings. According to the ILRI value chain
classification, 30.5% of the pigs kept in rural areas were destined for sale at urban markets
(RU) while the rest were intended to be marketed locally (RR). More than half of the house-
holds kept their pigs tethered or confined (53.5% and 52.7%, respectively), and only a small
fraction left their pigs roam free (2.1%). Tethering was the preferred method of restricting the
movement of pigs in Kamuli and Mukono districts, while in Masaka almost three-quarters of
pig farmers kept their pigs confined. Overall, all pig farming households fed mixed pig rations,
utilizing crop residues (98.3%) and commercial feeds (70.9%), while 35.0% practised swill feed-
ing (e.g. kitchen or restaurant leftovers and wasted bread). More than half of the pig farming
households (52.9%) performed routine pest/rodent control.

Direct and indirect contact with wild animals was proxied by reports of wildlife sightings in
the village (34.9% of pig farmers). However, only 4.1% of pig farmers reported that they con-
sumed game meat. Those who did ate meat from antelopes such as Sitatunga (Tragelaphus spe-
kii) or Ugandan Kob (Kobus kob thomasi), but also rodents such as cane rats (Thryonomys
Spp., locally referred to as “edible rats”), or Canidae including stray dogs (Canis familiaris) and
civet cats (Viverridae) as well as wild pigs (Potamochoerus spp.), buffaloes (Syncerus caffer),
hares (Leporidae) and guinea fowls (Numididae).

Slaughtering pigs at home was more frequent in Masaka and Mukono districts. Overall,
only 12.6% of pig farmers slaughtered at home at least once a year; the majority (71.2%) never
slaughtered their own pigs (Table 3). Of those farmers who slaughtered at home, more than
three-quarters reported that the meat had never been inspected. At slaughter, viscera and
intestinal contents were usually buried, thrown into the bush or given to dogs. Most of the pig
farmers in the study area were also pork consumers and ate pig meat at least once a month
(57.8%), while 21.7% never consumed pork and 15.4% ate it only occasionally. The most fre-
quent mode of processing the meat was frying (62.9%) or boiling (37.7%) (Table 3).

Discussion
The present survey is one of the few in sub-Saharan Africa and the first in Uganda to investi-

gate the occurrence of infection with Trichinella spp. in domestic pigs. To the authors’

Table 2. Western Blot (WB) confirmation of ELISA positive samples (anti- TrichinellalgG), collected between April and July 2013 in 22 villages
from three districts in Central and Eastern Uganda.

District Sample size (n) ELISA+ WB- WB+ Total confirmed (%) WB prevalence estimate® (confidence limits)
Kamuli 393 50 38 12 24.0 3.1% (1.7-5.3%)
Masaka 367 11 7 4 36.4 1.1% (0.4—2.9%)
Mukono 365 17 9 8 471 2.2% (1.1-4.3%)
Total 1125 78 54 24 30.8 2.1% (1.4-3.2%)

WB: Western Blot
@Calculated at p=0.05 and Cl = 0.95

doi:10.1371/journal.pone.0166258.t002
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knowledge, it is also the first investigation in Africa confirming ELISA positive results by
Western Blot that resulted in an overall seroprevalence of 2.1%.

Two farm surveys in Nigeria found a prevalence of Trichinella IgG of 10.9% [24] and 40%
[23]. Both surveys used the same commercial ELISA based on E/S antigens as in the present
survey but reported higher prevalence rates. In previous studies, this ELISA detected antibod-
ies in samples with larval densities of 0.025 larvae per gram (LPG) [42]. The authors of those
validation studies were also able to detect antibodies in pigs infected with different Trichinella
species, like T. spiralis, T. britovi and T. pseudospiralis, but showed no cross-reactivity with
other pig pathogens such as Trichuris suis, Oesophagostomum, Strongyloides, Hyostrongylus,
Oesophagostomum/Hyostrongy lus and Salmonella typhimurium [34]. T. nelsoni, a Trichinella
species previously reported in game animals in Eastern Africa, has not been included in those
validation studies.

ELISAs of the preceding generation were based on somatic antigen of Trichinella spiralis.
Since then, the specificity of the ELISA has been improved by utilizing E/S antigens obtained
from metabolites of Trichinella muscle larvae incubated in vitro [37]. While the manufacturer
of the commercial kit used in this study reports a sensitivity and specificity of 100% [34], a
comparable in-house ELISA for the detection of Trichinella-specific antibodies had a test
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Table 3. Pig slaughter, processing and consumption practices in Central and Eastern Uganda (2013).

Variable
Frequency of home slaughter
> Once a month
> Once a year
< Once a year
Never
Cannot remember/don’t know
Missing
Total

Totals n (%)

26 (2.74%)

71 (7.49%)

22 (2.32%)
675 (71.20%)
9(0.95%)

145 (15.30%)
948 (100.00%)

Frequency of meat inspection at home slaughter (if practiced)

Always
Sometimes
Cannot remember/don’t know
Never
Missing
Total
Disposal of viscera & intestinal contents
Throw away outside compound
Throw away inside compound
Manure
Feed the live pigs
Other: buried
Other: given to dogs
Other: given to people
Other: not specified
Missing
Total
Frequency of pork consumption
> Once a month
> Once a year
< Once ayear
Never
Missing
Total
Pork preparation
Boiling
Frying
Barbeque
Other
Missing
Consumption of game meat

doi:10.1371/journal.pone.0166258.t003

7 (5.88%)

9 (7.56%)

2 (1.68%)

93 (76.15%)

8 (6.72%)

119 (100.00%)

17 (1.79%)
2(0.21%)

0

0

28 (2.95%)

12 (1.27%)
2(0.21%)

81 (8.54%)
806 (85.02%)
948 (100.00%)

548 (57.81%)
146 (15.40%)
32 (3.38%)
206 (21.73%)
16 (1.69%)
948 (100.00%)

357/948 (37.66%)
596/948 (62.87%)
95/948 (10.02%)

7/948 (0.74%)

213/948 (22.47%)

39/948 (4.11%)

sensitivity and specificity of 96.8% and 97.9%, respectively [36]. As shown in other studies,

unspecific cross-reactions may not be fully excluded; therefore, a Western Blot was used for
confirmatory testing. Reportedly, the combined use of both serological methods shows a sensi-

tivity that is 31.4 times higher than that of the digestion assay [43], especially in naturally

infected wild pigs with a lower larval burden. Western Blot based on somatic antigen allows
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discriminating ELISA positive samples further because it includes all relevant protein fractions
of the E/S antigen (43-45 and 66-67 kDa) and fractions 47, 61 and 102 kDa which are Trichi-
nella-specific [35,36]. The obvious discrepancy between ELISA positives and Western Blot
positives may be the result of cross-reactivity with other gastrointestinal helminth infections as
found in this study for co-infection with strongyle species (data not shown). It could also be
caused by unknown host-specific immune response mechanisms in local pig breeds from
Uganda because the validation studies involved European pig breeds.

We were not able to determine the Trichinella species infecting domestic pigs in the investi-
gated study areas of Uganda as artificial digestion of a large number of muscle samples did not
result in the isolation of muscle larvae. Infectivity and larval burden in domestic pigs largely
depends on the Trichinella species. While T. spiralis has a very high reproductive capacity
resulting in 427.4 LPG five weeks p.i., T. nelsoni and T. britovi result in a larval burden of 52.2
and 38.0 LPG, respectively [44]. This may explain why potentially low larval burdens of a non-
T. spiralis infestation in the muscle could not be detected by artificial digestion. For future
studies, testing larger amounts (up to 50-100g) of muscle tissue may compensate for a possible
decrease in sensitivity [40] due to unknown larval burden in predilection sites. In addition,
future sampling studies to detect larvae should concentrate in areas where seroprevalence was
highest by Western Blot. This was not applicable in this study due to logistics and timing of
sampling and testing.

While the Nigerian survey by Momoh et al. [23] reported potential risk factors, we deliber-
ately waived statistical risk factor analysis in our study. We performed Western Blot as a con-
firmatory test which reduced the number of positive samples by 69% and left us with too few
positives to conduct sound univariate analysis. Confirmation by Western Blot has not been
done in previous studies in domestic pigs in Africa where ELISA positivity was used as the out-
come variable and the number of observations was much higher. In the present study, the out-
come variable would ideally be the result of the Western Blot. In this study, 78 samples tested
ELISA positive and 24 were confirmed as Western Blot positive; 1047 samples tested ELISA
negative but an unknown number could be Western Blot positive. Since we had only sufficient
funding to carry out Western Blot on a subset of 16 ELISA negative samples, and although all
were negative in Western Blot, it is not possible to definitively identify which (if any) of the
untested 1031 ELISA negative samples would have tested positive or negative in Western Blot.
Thus, conducting a risk factor analysis on the small subset of ELISA positive samples was not
considered meaningful as the relation between ELISA positive, Western Blot positive, ELISA
negative and Western Blot negative samples was not known, and risk factor analysis would
then only apply to a small subset of pigs of unknown epidemiological status.

From the information gathered in this survey, potential reservoirs for Trichinella sp. such as
rodents and stray dogs should be investigated in the future. They may act as potential links
between the sylvatic and domestic life cycle as shown by researchers in Egypt who isolated
muscle larvae from dogs and rodents in urban settings and in the proximity of abattoirs
[45,46)].

Information gathered on slaughter and consumption practices are indicative but not con-
clusive. However, previous reports in the same geographical area suggest that pig farmers do
not consume raw pork but thoroughly heat meat products [47]. Results on slaughter practices,
for instance, disposal of remains, or the consumption of game meat, are likely to be underre-
ported by the participants of the present survey. The frequency of wildlife sightings, too, may
be underreported as wildlife is very common in some areas and often only subconsciously
noticed as it is such an integral part of daily life.

Previous reviews suggest that Trichinella infection in pigs and people plays a negligible role
in Africa because the people of sub-Saharan Africa consist mainly of Bantu origin who do not

PLOS ONE | DOI:10.1371/journal.pone.0166258 November 21, 2016 12/16



@° PLOS | ONE

Trichinella and Domestic Pigs in Uganda

consume meat [6,48]. Personal observation of an increasing number of roasted meat outlets
(both pork and beef) and Food and Agriculture Organization of the United Nations statistics
on per capita consumption of meat [49] strongly disagree with this argument. In Uganda, pig
numbers increased more than tenfold from 200,000 to more than 3 million since the 1980s
[33], while per capita consumption is highest in Eastern Africa at 3.4 kg [49] at increasing
trends. In general, the history of the domestic pig in Africa is highly controversial and has
been heavily neglected in research [50]. Uganda in particular is a very diverse country with
Muslims and Christians intermarrying and a substantial inflow of migrants, especially from
China and India [51], who traditionally consume a lot of pork and may contribute to an
increased demand in the near future.

In conclusion, we were able to demonstrate that domestic pigs in Kamuli, Masaka and
Mukono districts in Uganda have been infected with Trichinella spp. This was the first large
systematic investigation of Trichinella infection in domestic pigs in Uganda, potentially identi-
tying high-risk areas through the confirmation of ELISA positive samples using Western Blot.
We were not able to identify the species; however, this was not the objective of the study. Due
to the large number of diaphragm muscle samples examined at higher sample weight (at least
5 g), we are confident that even if pigs are infected, the larval burden in pork is too low to pose
a major risk to consumers of developing trichinellosis. Further studies are needed to identify
the Trichinella species infecting domestic pigs and to identify potential sources of infection
and modes of transmission.
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