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Abstract
Trichinellosis is a zoonosis caused by nematodes of the Trichinella genus, of which 10 species have been described. 
Species identification when larvae is found is only possible using molecular tools. Meat from pigs and game animals 
not subjected to veterinary inspection are the main sources of human infections. The hunting of native carnivores is 
prohibited in Chile due to conservation issues and the fact that those animals favor pest control. The illegal hunting 
of a cougar (Puma concolor) occurred in September 2020. Herein, the molecular identification of Trichinella larvae, 
by analyzing nuclear (expansion segment V) and mitochondrial (cytochrome C oxidase subunit I) sequences are 
described. Both the amplification of the expansion segment V region and the phylogenetic analysis of a segment 
of a fragment of the cytochrome c-oxidase subunit I sequence confirmed that the larvae belonged to T. spiralis. 
The case described herein represents the first evidence of illegal hunting of a protected mammal infected with 
Trichinella in Chile, highlighting the ‘One Health’ perspective to face this disease in the rural-sylvatic interphase.
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Resumo
A triquinelose é uma doença causada por nematoides do gênero Trichinella. Dez espécies foram descritas. A 
identificação das espécies a partir das larvas só foi possível com ferramentas moleculares. O abate doméstico de 
suínos e o consumo de animais de caça, sem inspeção veterinária, são as principais fontes de infecção humana. 
A caça de carnívoros nativos é proibida no Chile por questões de conservação e pelo fato de que esses animais 
favorecem o controle de pragas. A caça ilegal de um puma (Puma concolor) aconteceu em setembro de 2020. No 
Chile, a identificação molecular de larvas de Trichinella, obtida pelo exame de sequências nucleares (segmento 
de expansão V) e mitocondriais (citocromo C oxidase subunidade I) são descritas. Tanto a amplificação da região 
do segmento de expansão V quanto a análise filogenética de um segmento de um fragmento da sequência da 
subunidade I da Citocromo c-oxidase, confirmaram que as larvas pertenciam a T. spiralis. O caso aqui descrito 
representa a primeira evidência de caça ilegal de um mamífero protegido infectado com Trichinella no Chile, 
destacando a perspectiva de “Saúde Única” para enfrentar esta doença na interfase rural-silvestre.
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Introduction
Trichinellosis is a disease present in all continents except Antarctica (Korhonen et al., 2016). A total of 10 species 

and three genotypes that have not yet been identified as distinct species have been reported around the world 
(Korhonen et al., 2016; Sharma et al., 2020). Two main cycles have been described: first is the domestic cycle, 
which encompasses pigs, dogs, cats, and rats as the main hosts; second, the wild cycle maintained in nature by 
wild carnivore and omnivore animals by predation, scavenging and cannibalism. Both cycles can be connected by 
ubiquitous species such as rats and other synanthropic animals (Pozio, 2000); as well, some species in the wild cycle 
can serve as the direct source of infection for humans after hunting and consuming game animals (García et al., 
2005; Tryland et al., 2014; Fichi et al., 2015). Two Trichinella species are circulating in South America, mainly in 
Argentina: T. spiralis and T. patagoniensis (Ribicich et al., 2020). As well, the cougar (Puma concolor), wild boar (Sus 
scrofa), fox (Lycalopex gymnocercus gracilis), opossum (Didelphis albiventris), sea lion (Otaria flavescens), armadillo 
(Chaetophractus villosus), and pericote (Graomys centralis) have been described as wild hosts of Trichinella in either 
sylvatic or agricultural environments (Minoprio & Abdon, 1967; Ribicich et al., 2020). Trichinella spiralis is the most 
widespread species of the genus and present both domestic and sylvatic cycles. Trichinella patagoniensis is the only 
species in South America that has not been found in the domestic environment; the cougar is its sole reported 
host species (Krivokapich et al., 2008, 2012).

The hunting of game animals is described as a source of Trichinella infection in humans, especially when game 
animals are not protected, as is the case for wild boars (García et al., 2005; Fichi et al., 2015). Conversely, hunting 
and consequent infection is less expected when game animals are protected, as occurs in Chilean native carnivores 
(SAG, 2012).

Herein, we describe the findings and subsequent analysis associated with the remains of a cougar infected with 
Trichinella, which was confiscated because of illegal hunting. The aim of this study was to check the presence of 
Trichinella larvae in the cougar muscles, and identify the parasites at the species level by molecular analysis. The 
public health significance of this finding is discussed.

Materials and Methods
On September 11, 2020, after an anonymous call, workers from the Servicio Agrícola y Ganadero of Chile found 

the remains of a hunted cougar in Pemuco Commune, Ñuble Region (36° 58’ 35.60” S; 72° 5’ 55.56” W). Hunters 
escaped carrying most of the meat and the skull, leaving the skin and some other remains (Figure 1).

The meat remains were examined in the Facultad de Ciencias Veterinarias, Universidad de Concepción. Meat 
was semi-cured and well preserved. Muscles samples were investigated to detect the presence of Trichinella larvae.

Figure 1. (A) The remains of the cougar found by the Servicio Agrícola y Ganadero (Photography: Servicio Agrícola y Ganadero, 
Ñuble Region); (B) The meat remains after extracting its leather in the laboratory.
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Parasitological and molecular analyses
For the parasitological examination, 10 g of muscle (biceps brachii) were submitted to artificial digestion 

(Gajadhar et al., 2019), and the larvae were preserved in 96% ethanol. For molecular identification, the DNA was 
extracted from a pool of 10 Trichinella larvae using the DNeasy Blood & Tissue Kit (Qiagen®), and 10 ng of DNA were 
used for identification at the species level by nested PCR of the expansion segment V (ESV) following a modification 
of the protocol by Zarlenga et al. (1999). The DNA extracted from the meat was also used to detect Trichinella DNA, 
and 2 µL were submitted to the same protocol. Reactions were performed in a final volume of 25 µL. The primer Ne 
(forward: TCTTGGTGGTAGTAGC and reverse: GCGATTGAGTTGAACGC. Zarlenga et al. (1999)) was used for the first 
PCR (0.5 µM of each primer), combined with 12.5 µL of GoTaq Green Master Mix (Promega Corporation, Madison, 
WI, USA). DNA was amplified in a thermocycler (MultiGene™ OptiMax Thermal Cycler; Labnet) under the following 
cycling conditions: 95°C × 1 minute for initial denaturation; followed by 40 cycles of 95°C × 30 sec; 56°C × 1 minute 
and 72°C × 1 minute; and a final extension of 72°C × 2 minutes. For the nested PCR, 0.5 µM of primer I (forward: 
GTTCCATGTGAACAGCAGT and reverse: CGAAAACATACGACAACTGC. Zarlenga et al. (1999)) was used in a second 
PCR under the same previously described conditions, but with an annealing temperature of 55°C.

For phylogenetic analysis in order to assess the position of the isolate within the T. spiralis species, the cytochrome 
c-oxidase subunit I (COI), DNA was amplified using 0.5 µM of each primer, 5’-GAGCCGGAACAGGATGAACCATTT-3’ 
and 5’-TTACGCCGGTTGGGATACCAAT-3’ designed in this study, which amplified a fragment of 594 bp. These primers 
were designed using the software Amplifix 1.5.4 and on a sequence obtained from GenBank (KU321696). Reactions 
were performed in a final volume of 25 µL with 12.5 µL of GoTaq Green Master Mix (Promega Corporation). 
The PCR touchdown program was used and included an initial denaturation at 95°C for 2 minutes followed by 
six cycles, each cycle with denaturation at 95°C for 30 sec, annealing temperature decreases at 1ºC per cycle 
from 60°C to 55°C for 1 minute, and extension at 72°C for 1 minute. Then, the protocol was completed with 35 
additional cycles at an annealing temperature of 55°C. A final extension at 72°C for 3 minutes was included at 
the end of the cycles. The PCR products were submitted to electrophoresis in agarose gel stained with SafeViewTM 
(NBS Biologicals. UK) and visualized as previously described. Master mix without the DNA was the negative 
control and T. spiralis larvae obtained from a previous study (Landaeta-Aqueveque et al., 2015) was the positive 
control for all PCR.

Phylogenetics analysis
The obtained sequence (COI) was edited with ProSeq version (v)3 and compared with previous sequences by 

means of the Basic Local Alignment Search Tool (BLAST) (https://blast.ncbi.nlm.nih.gov). This sequence was also 
aligned with retrieved sequences from the NCBI database (https://www.ncbi.nlm.nih.gov/) using the ClustalW 
algorithm with MEGA 7.0 software (Kumar et al., 2016). Sequences were selected by preferring currently recognized 
Trichinella taxa and GenBank codes of the included sequences are shown in the phylogenetic tree in the results 
section (Korhonen  et  al., 2016). Maximum likelihood (ML) and Bayesian inference (BI) methods were used to 
construct the phylogenetic trees employing alignments for COI, given that these methods are based on models 
of molecular evolution.

Maximum likelihood (ML) analyses were run with IQ-TREE v 1.6.12 (Nguyen et al., 2015), and the Bayesian 
inference (BI) analyses in MrBayes v. 3.2.7. The best evolutionary model was chosen using the Bayesian Information 
Criterion (BIC), and employing the command “-m MFP+MERGE” for ML with ModelFinder (Kalyaanamoorthy et al., 
2017), as well as the option “lset nst=mixed rates=gamma” for BI in MrBayes.

For the ML analyses, rapid hill-climbing and stochastic disturbance methods were used with a robustness 
evaluation of the inferred tree with 1,000 ultrafast bootstrapping pseudo-replicates (Hoang  et  al., 2018). The 
Minh et al. (2013) criterion was employed to evaluate the ultrafast bootstrap: values <70% are indicative of low 
statistical support, values between 70%–94% are indicative of medium statistical support, and values ≥95% are 
indicative of strong statistical support. For the BI analyses, two independent tests of 107 generations were performed 
with four Markov Chain Monte Carlo (MCMC) tests, with sampling trees produced for every 1,000 generations, and 
combined with eliminating the first 25% as burn-in. Tracer v 1.7.1 (Rambaut et al., 2018) was used to confirm the 
convergence of the MCMC chain, and Bayesian posterior probabilities (BPPs) ≥0.70 (indicative of strong statistical 
support) were used as the criteria through which to evaluate the statistical strength of internal nodes. Capillaria 
gastrica was used as the external group for this analysis.
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Report of human infection
Chilean law requires that doctors immediately notify every human case of trichinellosis to authorities. These 

reports were examined in order to identify a possible outbreak caused by the consumption of this meat.

Results and Discussion

Parasitological analysis
The artificial digestion results revealed the presence of Trichinella larvae (about 10 larvae per gram). Larvae 

were coil shaped, but with low to null movement, suggesting low viability. Both Trichinella larvae and meat PCR 
amplified a product of 173 bp, corresponding to the ESV region of the large subunit ribosomal DNA of T. spiralis 
(Zarlenga et al., 1999). The PCR amplification of COI produced a segment of 594 bp. This sequence was included 
in GenBank with accession number MW471099. The BLAST analysis results shared between 99.29% and 99.82% 
identity with T. spiralis and 91.31% or less identity with other Trichinella species. The phylogenetic tree after ML 
and BI analysis (Figure 2) showed sequences of the same species grouped together and separated from the other 
species. It also showed the main clades (encapsulated and non-encapsulated, separately), validating the DNA 
fragment to identify the species. Thus, the phylogenetic tree confirmed the position of the examined larvae within 
the T. spiralis clade, next to a Poland isolate obtained from a wild boar (Sus scrofa). The ML and BI analyses showed 
the same topology and are presented in a single tree.

Report of human infection
Until November, no person presented with trichinellosis in the entire Ñuble region, suggesting that either 

people in the region ate this meat and did not get ill (for instance, they ate well-cooked meat or the larvae were 

Figure 2. Bayesian (BI) and Maximum-Likelihood (ML) inference tree based on 1,297 nucleotides of the cytochrome c-oxidase 
subunit I DNA, reconstructed under the (i) ML substitution model: GTR+F+I (part 1– part 2) and HKY+F+G4 (part 3), and (ii) BI 
substitution model: M138, M193, M200, M201, M40, M125 and M203 (part 1 – part2), and M201, M162, M203, M189, M136, and M183, M112 (part 3). 
The ML Bootstrap (0 – 100) / BI posterior probability (0 – 1) values are indicated for each node. Capillaria gastrica was used as 
the outgroup control. The sequence reported herein is presented in bold.
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not viable enough), no person ate this meat, or this meat was transported to another region without traceability. 
Given that larvae in cured meat can present with variable infectivity (Johne et al., 2020), and that the viability of 
larvae in the sample was low, the likelihood with which people become infected following the consumption of this 
meat is expected to be low.

Further Considerations
The hunting of animals is regulated in Chile, and native carnivores are protected in such a way that their hunting 

is prohibited (SAG, 2012). In addition, the slaughter of animals is also regulated, as domestic slaughter is not allowed 
by law (Chile, 2002). However, the law is usually disobeyed and people slaughter their animals. Alternatively, people 
submit a piece of meat to veterinary examination after the domestic slaughter and thus the prevention of human 
trichinellosis depends on this examination of the meat (Lisboa-Navarro et al., 2016). This examination, which at a 
minimum, is achieved by trichinoscopy in Chile, is performed not only in slaughterhouses, but also in veterinary 
clinics, which makes it easier for farmers to submit the meat to veterinary inspection.

Given all the above factors, the hunters of this cougar breached two laws: the hunting law and the slaughter 
law. However, one cannot state that the meat was not examined, as the typical veterinary examination does not 
identify the animal species being examined, it only looks for larvae. Therefore, hunters could declare that the meat 
belongs to another animal species.

Cougars and other felids have reportedly harbored Trichinella, as P. concolor was found to harbor T. spiralis 
(Landaeta-Aqueveque et al., 2015) in Chile. Elsewhere, P. concolor was shown to harbor T. patagoniensis in Argentina 
(Krivokapich et al., 2012); P. concolor coryi harbored T. spiralis and T. pseudospiralis in the United States (Reichard et al., 
2015); P. concolor cougar harbored Trichinella nativa, T. pseudospiralis, Trichinella murrelli, and Trichinella T6 in 
Canada (Gajadhar & Forbes, 2010). Similarly, Lynx canadensis harbored Trichinella T6 in Canada (Gajadhar & Forbes, 
2010), Lynx rufus Schreber, 1777 harbored T. britovi in Europe, and Felis silvestris Schreber, 1777 harbored T. britovi 
and T. spiralis in Europe (Pozio et al., 2009). Since only T. spiralis and T. patagoniensis have been reported in wild 
animals in South America, these were the expected species for this finding. Although no prevalence study has been 
reported in the cougar, a higher frequency of Trichinella infection than in other carnivore is expected because it is 
a top consumer in the food pyramid.

The case described herein provides the first evidence of illegal hunting of a protected mammal infected with 
Trichinella in Chile and highlights the need to reinforce education on disease prevention and the care of native 
fauna. Finally, this case underlines the ‘One Health’ perspective to face this disease in the rural-sylvatic interphase.
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