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Abstract- A preliminary survey of Trichinellaspp. infection was conducted in Colombian swine herds between
2014 and 2016. A total of 1,773 pigs reared on farms under controlled housing conditions and processed in
34 slaughterhouses were tested either by the artificial digestion of pooled muscle samples (n=1,173) or by
serology (n=600). In addition, 550 rats trapped on 29swine farm premises were also tested by artificial
digestion. No positive pig samples were detected. Similarly, no Trichinella spp. muscle larvae were detected in
rats. These results are in agreement with the lack of historical Trichinella infection reports in domestic and wild
animals and humans in Colombia. However, a more extensive epidemiological investigation and a continuous
surveillance program are needed to continue declaring swine herds in Colombia free of Trichinella infection.
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Résumé - Enquéte préliminaire sur Trichinella spp. chez les porcs élevés en condition de
stabulation contrélée en Colombie entre 2014 et 2016. Une enquéte préliminaire sur les infections dues &
Trichinella spp. a été conduite chez des troupeaux de porcs colombiens entre 2014 et 2016. Un total de
1773 porcs élevés dans des fermes en condition de stabulation controlée et traités dans 34 abattoirs ont été testés
par la méthode de digestion artificielle d’échantillons collectifs de muscles (n = 1173) ou par sérologie (n = 600).
De plus, 550 rats piégés dans les locaux de 29 fermes d’élevage de porcs ont été testés aussi par digestion
artificielle. Aucun échantillon de porc ne s’est révélé positif. Egalement, aucune larve musculaire de Trichinella
n’a été détectée chez les rats. Ces résultats sont en accord avec ’absence historique de déclarations d’infections
de Trichinella chez les animaux domestiques et sauvages et chez 'homme en Colombie. Cependant, il est
nécessaire de conduire une enquéte épidémiologique plus étendue et un programme de surveillance ininterrompu
pour pouvoir continuer & déclarer les porcs colombiens libres de 'infection par Trichinella.

Introduction

Parasites of the genus Trichinella show a cosmopolitan
distribution on all the continents except Antarctica [21].
In South America, these zoonotic pathogens are endemic
in Argentina and Chile, where they circulate among a large
number of animals including pigs, which are the source of
human trichinellosis outbreaks [13,17,20]. These nemat-
odes were also documented in rats in Peru and Uruguay in
the first half of the 20™ century [14]. In Bolivia, Trichinella
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spp. larvae have never been reported in animals or
humans, but anti- Trichinella antibodies were detected
in sera from domestic pigs in different regions of the
country [19].

In Colombia, Trichinella spp. larvae were not detected
in 800pigs slaughtered in Bogota in 1930 and anti-
Trichinella antibodies were not detected in the sera of
patients with eosinophilia in the 1960s [1]. According to
Neghme and Schenone, trichinellosis was never docu-
mented in Colombia up to 1970 [14]. It follows that pigs
reared in Colombia are considered to be free of Trichinella
spp. even though there are no reports on epidemiological
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investigations in this domestic animal in recent decades,
and no surveillance for the presence of Trichinella has been
implemented in Colombian abattoirs. Thus, the absence of
official and/or published reports might not reflect the real
situation, warranting the conduct of epidemiological
surveys to demonstrate the “Trichinella-free” status of
Colombian swine herds.

Many wild and synanthropic animals can harbor
Trichinella spp. and serve as a potential source of infection
to domestic animals. Among others, rodents of the genus
Rattus (e.g., Rattus norvegicus) are considered a vector of
Trichinella spiralis in the domestic habitat, favoring the
transmission among backyard-raised pigs [10,20]. At the
worldwide level, domestic pigs are the main source of
Trichinella spp. infection for humans, followed by wild
swine [13].

The Colombian swine population is about 4.5 million
animals, of which about four million are slaughtered
annually [18]. Recent directives for exporting pig carcasses
to international markets have prompted the implementa-
tion of mandatory testing at national swine abattoirs using
the internationally approved method of artificial digestion
of pooled samples [2,3,16,24]. In addition, to recognize
Colombia as free from Trichinella spp. in domestic swine,
an effective reporting system and surveillance program
must be implemented to confirm the absence of these
pathogens [15]. The aim of the present study was to
investigate the presence of Trichinella spp. in domestic
pigs slaughtered in the major swine-producing areas of
Colombia.

Materials and Methods
Study design and sampling

The survey was conducted in 34 main swine slaughter-
houses located in 10 of 32 states across Colombia and
processing 80% of the national pig production (Fig. 1).
Complete data are not available on the farms of origin,
since dealers deliver pigs from several farms to slaughter-
houses. A total of 1,173 porcine muscle samples and 600
porcine serum samples were tested by the artificial
digestion assay and ELISA, respectively. Muscle and
serum samples were collected from different pigs. Most
tested animals were offspring of the PIC Camborough®
sow breed and PIC 337-410 boar breed, raised under
controlled housing conditions, i.e. in a confinement system
and fed by controlled feed, according to the International
Commission on Trichinellosis and OIE Guidelines [11,16].
Considering that Trichinella spp. has never been docu-
mented in Colombian pigs, the prevalence was expected to
be negligible, i.e. lower than one per million. Since the
total population is about 4.5 million and about 4 million
are slaughtered per year, the number of animals that
should be tested to confirm a “negligible risk match” would
be the total number of slaughtered animals. Due to cost
limitations and the presence in the country of only one
laboratory accredited by the Colombian regulatory
authority “INVIMA” (counterpart of the American

Figure 1. Map of Colombia showing the slaughterhouses where
muscle (black circles) and serum samples (open circles) were
collected from slaughtered pigs, and pig farms (black triangles)
where synanthropic rats were trapped from 2014 to 2016.
Colombian states: 1, Antioquia; 2, Atlantico; 3, Choco; 4,
Cundinamarca + DC; 5, Meta; 6, Narifo; 7, Santander; 8, Tolima
Y Huila; 9, Valle del Cauca; and 10, Zona Cafetera.

USDA) to perform the artificial digestion assay and the
serological test, the number of pigs that were sampled at
every slaughterhouse was chosen based on the number of
pigs processed by each plant on an annual basis. Sampling
was conveniently divided into three groups according to
the number of pigs processed per plant. Therefore, for
plants slaughtering 3,000-9,999, 10,000-100,000 and
>100,000 pigs/year, 150, 252 and 760 pigs were sampled,
respectively. For the first group (n=150), 7-10 pigs were
sampled starting from every 35" slaughtered animal.
Similarly, 16-17 and 76-80 pigs were sampled from the
second (n=252) and third (n="760) groups, each time
starting at the 221 and 271 slaughtered pig.

At the end of sampling, a total of 1,173 pigs were
sampled, 7.e. 150+ 252+ 760 as previously established,
plus 11 additional pigs.

Muscle tissues (diaphragm pillars and masseters) were
stored at +4°C for no more than three days until
digestion. Pigs tested by either methodology were
different, although the selection criteria determining
which animals to sample were similar, as described above.



J.J. Chaparro-Gutiérrez et al.: Parasite 2018, 25, 18 3

Serum samples (5 mL per animal) were collected from
pigs reared under controlled housing conditions and
slaughtered in five Colombian states (Antioquia, 1;
Cundinamarca, 1; Valle del Cauca, 1; Zona Cafetera 3;
and Meta, 1), following the same sampling criteria
reported above for the muscle collection. The number of
serum samples to be collected was determined to be 600 on
the basis of the available ELISA kits. As part of a study on
Toxoplasma gondii and Leptospira spp. (Chaparro-
Gutiérrez J.J et al., unpublished data), pooled muscle
samples (10-20 g from the whole carcass of 5-10rats) of
550rats (74% Rattus norvegicus and 26% R. rattus)
trapped within the premises of 66 swine farms in seven
Colombian states, were also tested for Trichinella spp.
infection by the artificial digestion assay.

Artificial digestion assay

The artificial digestion assay for the detection of
Trichinella spp. larvae in muscle samples was performed
according to Commission Implementing Regulation (EU)
2015/1375, and was validated in the laboratory of the
Veterinary Medicine School, Faculty of Agrarian Sciences,
University of Antioquia, Medellin [3]. The sensitivity of
the assay using 5 g of muscle tissue per pig is 1 larva per
gram of tissue [6]. Briefly, a 5-g sample of tongue and a 5-g
sample of diaphragm pillars from each carcass of 10 pigs
were blended in a pool of 100 g. Samples were digested in
2L of 47°C tap water with 0.2% hydrochloric acid and
0.5% pepsin (1:10,000 NF, PanReac AppliChem). The
digest was stirred for 30 min at 44-46 °C in a 3-liter glass
beaker on a magnetic stirrer plate. After artificial
digestion, the solution was poured through a sieve (mesh
size 180 wm) into a separatory funnel. After 30 min of
sedimentation, 40 mL were collected into a 50 mL Falcon
tube and allowed to sediment for 10minutes. The
supernatant (30 mL) was discharged and the remaining
10 mL were examined on a gridded Petri dish. The Falcon
tube was further rinsed with tap water, which was added
to the Petri dish. The sediment was examined at 40 X
magnification for the presence of Trichinellaspp. larvae by
a stereomicroscope.

Serology

Serum samples were tested to detect IgG against
Trichinella spp. using a commercial ELISA kit based on
the excretory-secretory (E/S) antigens (pig type Trich-
inella Ab; Qiagen, Hilden, Germany). The assay was
performed in a three-step protocol as follows: 1) each
serum was diluted 1:100 and incubated at room tempera-
ture for 60 min on plates with E/S antigens of T. spiralis;
2) after three buffer washes, a peroxidase-labelled anti-pig
IgG was used as secondary antibody and incubated for
30min; 3) after three buffer washes, a chromogen
substrate was added and the optical density of the samples
was measured at 450 nm wavelength. The results were
calculated with reference to the positive and negative
controls, with an S/P ratio in optical density exceeding
0.30 considered as positive.

Table 1. Pigs tested for Trichinella infection by the artificial
digestion assay or by ELISA per Colombian states in 2014-2016.

State N. of tested pigs (N. of slaughterhouses)
ELISA Digestion assay
Antioquia 374 (16) 648 (15)
Cundinamarca 96 (8) 181 (4)
Valle del Cauca 75 (6) 176 (3)
Zona Cafetera 45 (3) 48 (3)
Meta 10 (1) 30 (2)
Atlantico 32 (2)
Chocod 16 (1)
Santander 8 (1)
Tolima y Huila 18 (2)
Narifo 16 (1)
Total 600 (34) 1173 (34)

Results and Discussion

The number of tested pigs by Colombian state and year
is shown in Table 1. No infection by Trichinella spp. larvae
was detected in any of the 1,773 pigs tested by either the
artificial digestion assay (n=1,173) or by ELISA
(n=600). Similarly, muscle samples of the 550 rats tested
negative for Trichinella ssp. larvae. This is consistent with
the expected prevalence (less than 1 infected pig per
million slaughtered pigs). However, it is of note that with
the number of tested pigs (n=1,773) established a priori
on the basis of funding resources, the upper 95%
confidence interval of the infected pigs in the population
is around 2/1,000 pigs, corresponding to around 9,000
infected pigs of the 4.5 million in the country.

However, this is the first survey conducted across the
major swine producing areas of Colombia. Colombian
regulations do not require any mandatory Trichinella spp.
surveillance, but this may soon change with new
international trade agreements. Considering the cost of
routine carcass examination for Trichinella spp. by the
artificial digestion assay, and that no positive samples
were detected so far in Colombian pigs raised under
controlled housing conditions, serological testing could be
suitable for Trichinella spp. surveillance in pigs, according
to the International Commission on Trichinellosis [7].
Since serology has been shown to occasionally yield false-
positive results, or sometimes positive results with very
low to undetectable levels of larval burden [4,23], it would
be warranted that any seropositive pig be further
confirmed by the artificial digestion assay. A study to
evaluate the reproducibility and validation of an ELISA
has shown that, when the recommended protocol is
strictly followed, a negative result is an excellent indicator
of the absence of infection, with a specificity of 98.29% [8].
Since anti- Trichinella IgG are detectable in both serum
samples and meat juice samples (tested at 1/10 dilution),
meat juice could be used as an alternative sample matrix
for serological screening [9,12].
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However, considering the endemic situation in other
South American countries such as Argentina and Chile
[20,22], the effects of globalization, and the possible
presence of a sylvatic cycle in Colombia, which can be the
source of infection of pigs raised in backyards or free-
ranging pigs, a continuous surveillance program is
warranted to continue declaring swine herds raised under
controlled housing conditions in Colombia free of Trich-
inella spp. infection. In the last 20 years in the European
Union, Trichinella spp. infection has been detected only in
backyard or free-ranging pigs and never in pigs raised
under controlled housing conditions, regardless of the
prevalence in wild animals, which can be high [5]. A similar
epidemiological pattern of Trichinella spp. infections in
domestic pigs has also been observed in other countries
around the world [20].
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