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Abstract 

Trichinellosis is a parasitic disease in humans caused by nematodes of the genus 

Trichinella, usually acquired through the consumption of raw or undercooked meat, 

mainly from pigs or wild animals, containing infective larvae. Although often over-

looked, this disease has affected humans for centuries and continues to be a public 

health concern in many parts of the world, especially where food safety measures are 

inadequate. In this millennium, significant progress has been made in understanding 

the disease pathophysiology and host immune response, mainly through experimen-

tal studies in rodents, while human pathophysiology and immune response still await 

elucidation. This review integrates current knowledge on the biology, transmission, 

and manifestations of trichinellosis, as well as challenges in diagnosis, treatment, 

and prevention. The parasite’s life cycle involves an initial intestinal phase followed 

by systemic migration of larvae into striated muscles, where long-lasting cysts are 

established. The clinical presentation varies from mild gastrointestinal discomfort to 

severe systemic manifestations such as fever, periorbital edema, and muscle pain. In 

some cases, chronic symptoms, including fatigue and reduced muscle strength, may 

persist for years. The immune response is characterized by a Th2-skewed profile and 

prominent eosinophilia. Diagnosis relies on clinical signs and symptoms, epidemio-

logical evidence of a common infection source, serological testing, and parasitologi-

cal confirmation through detection of larvae in infected meat and identification of the 

Trichinella species. Preventive strategies include public education, controlled animal 

farming, and meat inspection. A deeper understanding of host–parasite interactions, 

chronic disease mechanisms, and species-specific differences remains essential for 

improving clinical management and guiding public health interventions.

Methods

A comprehensive literature search was performed in PubMed, Scopus, Google 

Scholar, and Web of Science to identify publications on Trichinella and trichinellosis 
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from 1990 through August 2025. The search strategy employed keywords such as 

“trichinellosis,” “Trichinella,” “Trichinella life cycle,” “trichinellosis pathophysiology,” 

“diagnosis,” “epidemiology,” “treatment,” and “control.” Only articles published in 

English were considered. Titles and abstracts were screened for relevance, and 

full-text articles were assessed to extract information on life cycle, epidemiology, 

pathophysiology, clinical manifestations, diagnostic approaches, therapeutic options, 

and prevention strategies. Additional references were identified by cross-checking the 

bibliographies of the included articles.

Introduction

Infections caused by larvae of nematodes from the genus Trichinella have been 
reported worldwide, with human or animal documented cases in nearly 95 countries 
[1]. Infected animals remain asymptomatic, even when harboring high larval burden. 
In contrast, infection in humans leads to trichinellosis, a zoonotic disease reported in 
55 countries [2]. T. spiralis is the main common cause of trichinellosis, although other 
Trichinella spp. such as T. britovi, T. nativa, T. nelsoni, T. pseudospiralis, T. murrelli, 
and T. papuae are also associated with human disease [3]. Trichinella spp. can be 
distinguished based on the presence or absence of collagenous capsule surrounding 
the nurse cell. Encapsulating species infect only mammals, while non-encapsulating 
species infect mammals, birds, and some reptiles [4].

History

The modern scientific recognition of the parasite began in 1835 with the observation 
of “sandy diaphragm” by medical student Jim Paget during autopsy, which eventu-
ally led to the identification of the parasite and its presentation to the Royal Society. 
Richard Owen published the description of newly discovered parasite and named 
it Trichina spiralis. Over the following decades, key milestones were reached: the 
identification of Trichinella in pork and thereafter in other domestic and wild animals, 
elucidation of the life cycle, confirmation of its pathogenicity in humans, the estab-
lishment of the genus Trichinella, and development of diagnostic methods, including 
muscle biopsy and serological testing. These advances laid the foundation for our 
current understanding of trichinellosis as both a zoonotic and foodborne parasitic 
disease [5].

Description and the life cycle of the parasite

Trichinella spp. possess a unique characteristic among nematodes, which is a direct 
life cycle completed within a single host, involving intracellular stages in the intestinal 
epithelial cells (enterocytes) and skeletal muscle cells [6, Fig 1]. However, individ-
ual species differ in certain biological traits, such as encapsulation, host range, and 
environmental adaptations, which influence their epidemiology. Here we focus on the 
life cycle of T. spiralis, the species most relevant to human infection. Transmission 
typically occurs through the consumption of raw or undercooked meat from infected 
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domestic or wild animals, with pork representing the primary source of T. spiralis-related trichinellosis worldwide. Ingested 
muscle larvae (ML) are liberated from the surrounding tissue under the action of gastric juices in the stomach, and through 
the influence of bile and pancreatic enzymes in the small intestine, develop into intestinal infective larvae (IIL). IIL invade 
the intestinal epithelium, i.e., rows of columnar epithelial cells, where they molt four times to grow into adult worms (AW), 
about 30 h post infection (p.i.) [7].

Sexual dimorphism is characteristic for nematodes of the genus Trichinella, with females (app. 3 mm in length) twice as 
large as males. Adults are covered with several cuticle layers, which protect inner organs during intestinal epithelium inva-
sion. The male and female adult mate within gut mucosal epithelia and from day 4 p.i. females start to produce newborn 
larvae (NBL) [8]. A single adult female worm can produce as many as 500–1,500 NBLs (app. 0.08 mm in length), with the 
total number being influenced by the Trichinella species, host species, and the host’s immune status. NBLs are equipped 
with a sharp stylet placed in oral cavity, which serves to penetrate through membrane into the cells. NBL penetrate the 
submucosa and lamina propria, enter the lymphatic and circulatory systems, and are distributed throughout the body. 
Although they may be temporarily found in various tissues, only upon invading skeletal muscle cells they induce nurse cell 
formation (as a novel entity in the host body) and develop into infective ML, without molting. All species of the genus Trich-
inella nest in the nurse cell, but only those that encapsulate form collagen capsule surrounding the nurse cell [9]. Unlike 
most intracellular parasites, Trichinella does not kill the invaded muscle cell, and is therefore considered one of the most 
successful parasitic symbionts. A characteristic feature of the anatomy of Trichinella ML and AW is the exocrine organ 
known as stichosome, which consists of 45–55 large, stacked cells—stichocytes (ST). Stichocytes release excretory-
secretory products (ES L1), crucial for establishing and maintaining the long-lasting host-parasite relationship [9].

Epidemiology

Parasitic nematodes belonging to the genus Trichinella are globally distributed and infect a broad range of host species 
through both domestic and sylvatic transmission cycles. Spreading of Trichinella and epidemiology depend on the feeding 
behavior of host species and human influence [1,4,10]. The genus Trichinella includes two major clades distinguished by 
the presence or absence of a collagen capsule surrounding the larvae in muscle tissue. The encapsulated clade, which 

Fig 1.  Life cycle of Trichinella spiralis. Abbreviations: IIL, Intestinal infective larvae; AW, Adult worms; NBL, Newborn larvae; ML, Muscle larvae; L1 
(infective larvae) within the nurse cell. Immunohistochemical staining of ML was performed using Trichinella-positive human serum and peroxidase-
labeled anti-human immunoglobulin G (HRP-IgG). The reaction was visualized with peroxidase chromogenic substrate 0.05% 3.3’-diaminobenzidine 
tetrahydrochloride (DAB) (magnification 40x).

https://doi.org/10.1371/journal.pntd.0013944.g001

https://doi.org/10.1371/journal.pntd.0013944.g001
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infects only mammals, includes seven species: T. spiralis, T. nativa, T. britovi, T. murrelli, T. nelsoni, T. patagoniensis, and T. 
chanchalensis, as well as three genotypes, Trichinella T6, T8, and T9, whose taxonomic status remains unresolved [11,12]. 
The non-encapsulated clade comprises T. pseudospiralis, which infects both mammals and avian hosts, and T. papuae 
and T. zimbabwensis, which infect mammals and reptiles. T. spiralis and T. pseudospiralis have a cosmopolitan distribution 
for two different reasons: T. spiralis has spread through human activities, whereas T. pseudospiralis disperses via migra-
tory birds. The remaining taxa exhibit more restricted geographical ranges: T. nativa and Trichinella T6 occur in arctic and 
sub-arctic regions of North America, Greenland, and Russia; T. britovi in Europe, Western Asia, North, and West Africa; T. 
murrelli in United States of America, Southern Canada, and Northern Mexico; T. nelsoni in Eastern and Southern Africa; T. 
patagoniensis in South America; Trichinella T8 in Southwest Africa; and Trichinella T9 in Japan [13,14]. Unlike most Trichi-
nella spp. that have been identified in registered outbreaks, genotype T8 and the species T. zimbabwensis, T. patagonien-
sis, and T. chanchalensis have not been associated with human infection. With the exception of T. spiralis, other Trichinella 
species primarily parasitize wild animals. The domestic and sylvatic cycles may function independently or interact, mainly 
as a consequence of human intervention. Improper management of domestic and wild animal populations can facilitate the 
transmission of certain Trichinella species (e.g., T. britovi, T. pseudospiralis) from the sylvatic to the domestic cycle, some-
times via synanthropic animals, such as rodents [8]. Domestic cycles occur on small farms with high-risk practices and 
uncontrolled housing conditions. On the other hand, industrial pork from big farms marketed internationally has never been 
found to be infected with Trichinella, and as such is safe for human consumption. Illegal hunting and import of Trichinella-
infected pork, pigs, horses, and wild game, or their meat products, are usually the cause of family outbreaks [1,10,15].

A systematic review of the global epidemiology and clinical impact of human trichinellosis between 1986 and 2009 
reported a total of 65,818 cases and 42 associated deaths worldwide, with the European Region accounting for 86% of all 
cases [16]. Low number of cases were recorded in the Americas, except in Argentina. In Africa, trichinellosis was docu-
mented only in Ethiopia, primary among Christian population, as well among Europeans in Algeria and Senegal. Sporadic 
cases also occurred in the Christian population of Lebanon and in Iran, largely linked to consumption of wild boar meat. 
Asian countries reported few outbreaks during this period, and several reports from China were excluded due to insuffi-
cient diagnostic details.

Most of the world’s trichinellosis outbreaks do not depend on the mere presence of Trichinella spp. among wild and 
domestic animals, but on cultural factors, i.e., eating habits (traditional consumption of raw or undercooked meat) that 
cause the transmission to humans [1]. Human eating habits, as well as practices of free-range animal husbandry, can 
increase exposure to Trichinella, especially in the regions where veterinary inspection does not exist or is not manda-
tory [17], or where it is avoided by farmers or hunters mostly for financial reasons [10]. In those parts of the world where 
prescribed control measures regarding farming and meat inspection are strictly enforced, trichinellosis becomes a rare 
disease, with the number of cases constantly declining. However, it still remains a risk because of the presence of Trichi-
nella spp. in wildlife and potential spillover into domestic animals [1].

According to European Food Safety Authority and European Centre for Disease Prevention and Control (ECDC) 
reports for this century, the highest numbers of trichinellosis cases in Europe were associated with Bosnia-Herzegovina, 
Bulgaria, Lithuania, Poland, Romania, Russia, Serbia, and Spain. The latest ECDC annual epidemiological report for 
trichinellosis, which refers to year 2022, stated that 39 cases were recorded across 28 countries and an overall notifica-
tion rate of 0.01 per 100,000 inhabitants, which represents a 49% decrease compared to the number of cases recorded 
in 2021. Latvia and Bulgaria had the highest notification rates in 2022, at 0.16 and 0.13 cases per 100,000 inhabitants, 
respectively. Notably, in 2023, Bulgaria, previously among the countries with the highest notification rates, reported no 
outbreaks of trichinellosis for the first time [18]. In contrast, ten years ago, in 2015, 29 European Union (EU)/European 
Economic Area countries reported 156 cases, which indicates that trichinellosis incidence in Europe shows a stable to 
decreasing trend with low notification rates, which is the result of compliance with all prescribed measures for controlled 
pig farming and inspecting meat intended for human consumption.
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Yera and colleagues [17] presented the situation in Southeast Asia, where between 2001 and 2021, 1,604 cases 
of trichinellosis were reported in Cambodia, Laos, Malaysia, Thailand, and Vietnam. Most cases were concentrated in 
northern Laos (672 cases, T. spiralis) and northern Thailand (773 cases, T. papuae). No reported cases were noted in 
Myanmar and the Philippines during this period. China is one of a few of countries with the highest number of cases of 
trichinellosis in the world [19]. The high prevalence of trichinellosis in China is related to pig breeding and eating habits 
that include consumption of raw or under-cooked meat from wild animals that have not been inspected, since the testing 
of meat for Trichinella larvae is not mandatory.

In North America, trichinellosis is rare, while occasional outbreaks, such as one in North Carolina in 2023 [20], are 
associated with consumption of wild game meat. In South America, trichinellosis cases are associated mostly with Argen-
tina and Chile [1,21]. In Africa, human trichinellosis has been reported only sporadically, with three confirmed outbreaks 
or case clusters documented in the 21st century, as summarized by Mukaratirwa and colleagues [22]. However, additional 
cases have been described in countries such as Algeria and Senegal, and the actual number of infections is likely to be 
underestimated, as the clinical picture can be misattributed to other parasitic diseases, including invasive schistosomiasis.

Pathophysiology

Trichinellosis as clinical disease unfolds in biphasic pattern: intestinal (enteral) phase (time period between the larvae 
release from the cyst until the production of NBL) and systemic (parenteral or muscular) phase (associated with inflam-
matory and allergic responses caused by invasion of the skeletal muscle cells by the migrating NBL) [4]. In the intestinal 
phase, digesting meat with tissue cysts releases infective larvae (L1), which penetrate the mucosa of small intestine, 
occupying several columnar epithelium cells at the time, mature into adults, and start mating. By day 4 p.i., adult females 
begin to release a large number of NBLs. They cause transient inflammation by passing through organs like heart and 
brain before encysting in well-vascularized skeletal muscles such as the tongue, diaphragm, psoas, pectoralis major, and 
gluteus maximus [4]. The process of NBL release lasts for 2–3 weeks in humans, which depends on the intensity of the 
immune response initiated at the intestinal level that results in the expulsion of AW [8,23].

After entering muscle cells, NLB develop into L1, starting the muscle phase of the infection [8,24]. NBLs induce the 
transformation of muscle cells into nurse cells, degrading muscle proteins and causing structural changes. By day 8 p.i., 
contractile proteins and structural elements like myofibrils, Z-lines, I-bands, and A-bands are lost [25]. By day 12 p.i., 
nurse cell development is nearly complete, with the complete maturing by day 20 p.i. [26].

The ability of Trichinella to reside within host muscle cells without destroying them is crucial to its parasitic success. 
Its localization in skeletal muscle cells triggers morphological and biochemical changes, converting the infected cell into 
a nurse cell, a unique new type of host cells. Nurse cell formation results from a balance of degenerative and regener-
ative changes, showcasing the host-parasite interaction. The morphogenesis of the nurse cell is orchestrated through a 
two‑way host response: the infected myocyte de-differentiates, reenters the cell cycle, and then arrests at G2/M phase, 
while satellite cells activate, proliferate, and fuse, contributing to the eosinophilic cytoplasm that shapes the structure 
[24,25,27,28]. Infected muscle cells show upregulation of 184 genes related to differentiation, proliferation, and apop-
tosis [25]. Key myogenic transcription factors (MyoD, myogenin, Pax7, desmin, M-cadherin, Numb, MEF2, Pbx1, and 
NFAT) are significantly upregulated, coordinating transformation and balancing pro- and anti-apoptotic events in mus-
cle cells [24,25]. As the infected myocyte reenters the cell cycle and arrests at G2/M, it develops up to ~100 markedly 
enlarged, hypertrophic nuclei with prominent nucleoli that cluster within the basophilic cytoplasm and give the nurse 
cell its characteristic appearance [24]. Trichinella ML may directly influence host gene expression by secreting factors, 
including small RNAs like microRNAs (miRNAs), which regulate gene activity [29]. Distinct stage-specific miRNA pro-
files across T. spiralis developmental stages highlight their role in the parasite growth and metabolism [30]. These miR-
NAs could be released from AW, ML, and NBL as a cargo of extracellular vesicles or in an extravesicular form in case 
of ML [29,31,32]. Moreover, miRNAs released by NBL, such as let‑7‑5p, modulate host immune cells by promoting the 
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regulatory M2 macrophage phenotype and dampening inflammation, thereby facilitating immune evasion and enhanc-
ing larval survival [32].

In encapsulated Trichinella species, infective muscle-stage larvae persist within a nurse cell enclosed by a collagen 
capsule mainly composed of collagen types IV and VI (Fig 2). Type IV, produced by the nurse cell, forms the inner layer 
and serves as a structural scaffold, while type VI, from surrounding fibroblasts, makes up the outer layer and supports 
cross-linking [9]. In non-encapsulated species, nurse cell is surrounded with a capsule which is incompletely formed due 
to limited satellite cell fusion [33]. To sustain themselves, larvae induce angiogenesis via cytokine-driven vascular endo-
thelial growth factor release, forming a capillary network around the infected cell that ensures the delivery of nutrients 
and other small molecules and the release of larval products [25]. Glycogen accumulation aids survival, and the semi-
permeable capsule blocks the entry of immune cells and immunoglobulins, creating an immune-privileged niche [34], 
where larvae can survive for years [1]. Calcification of encapsulated ML may begin after 6 months; however, it does not 
occur in all parasites at the same time. It is assumed that the timing depends on the location of the parasite within the 
host, as well as on the species of Trichinella, the host species, and the host’s immune response. The larvae enter a hypo-
biotic state in which they remain until their death or until ingested by another host [4]. Another adaptation that ensures 
persistence of larval viability is anaerobic metabolism of the larvae [9], which favors its survival in decaying carcasses.

ML of the genus Trichinella maintains interaction with the host via its ES L1 products, a mixture of diverse proteins, 
glycans, lipids, nucleic acids, and extracellular vesicles [6,35–37]. Most of the proteins are glycosylated, bearing multian-
tennary N-glycans capped with tyvelose (3,6-dideoxy-D-arabinohexose) [9]. Tyvelose is an immunodominant carbohy-
drate epitope, which triggers strong antibody responses that prevent reinfection. Anti-tyvelose antibodies aid in parasite 
expulsion by blocking attachment to enterocytes and hindering intestinal niche formation [38]. ES L1 products comprise 
a diverse array of functional proteins, including heat shock proteins, endonucleases, proteinases, protein kinases, pro-
teinase inhibitors, superoxide dismutase, glycosidases, as well as extracellular vesicles, which participate in the induction 
of the immune response [6,35–37]. The knowledge regarding immune mechanisms triggered during different stages of 

Fig 2.  Trichinella spiralis larva encapsulated within a nurse cell in muscle tissue. Immunohistochemical staining was performed using Trichinella-
positive human serum and anti-human HRP-IgG. The reaction was visualized with the peroxidase chromogenic substrate (DAB) (magnification 20×). 
Labels: (a) Nurse cell nuclei; (b) Collagen capsule; (c) Stichosome; (d) Inflammatory cells.

https://doi.org/10.1371/journal.pntd.0013944.g002

https://doi.org/10.1371/journal.pntd.0013944.g002
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Trichinella infection has been mostly gained from experimental mice and rat models, whereas data for human infections 
primarily concern antibody responses. Characterization of cell-mediated immunity in trichinellosis originates from a limited 
number of studies based on specific stimulation of peripheral blood mononuclear cells with Trichinella ML antigens and 
subsequent analysis of T-cell subsets (Fig 3). These findings indicate that the muscle phase of infection in humans elicits 
a mixed Th1/Th2 response, with a predomination Th2 profile, and the presence of Th17 cells [39–42]. Moreover, ES L1 
products also participate in orchestrating complex immunomodulation, including suppression of inflammation, complement 
evasion, modulation of dendritic cell activity [6,43–46]. Insights from in vitro and in vivo studies on the immunomodulatory 

Fig 3.  Immune responses triggered during the muscular phase of trichinellosis. (A) Cytokine and chemokine production by Trichinella-specific 
CD4+ T cells; (B) Cytokine production by Trichinella-specific CD8+ T cells; (C) Serological tests for the diagnosis of trichinellosis—detection of anti-
Trichinella IgG antibodies. Abbreviations: Tly, T lymphocyte; Th1, T helper type 1 cell; Th2, T helper type 2 cell; Tc1, Type 1 cytotoxic T lymphocyte; Tc2, 
Type 2 cytotoxic T cells; IFN-γ, Interferon gamma; IL-4, Interleukin-4; IL-5, Interleukin-5; IL-10, Interleukin-10; IL-13, Interleukin-13; IFN-γ, Interferon 
gamma; CXCL10, Chemokine (C-X-C motif) Ligand 10; CCL-2, C-C motif ligand 2; IgG, Immunoglobulin G; IFA, Indirect Immunofluorescence Assay; 
ELISA, Enzyme-Linked Immunosorbent Assay; WB, Western Blot.

https://doi.org/10.1371/journal.pntd.0013944.g003

https://doi.org/10.1371/journal.pntd.0013944.g003
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roles of Trichinella ES L1 products may contribute to the development of novel therapeutic approaches for allergies and 
autoimmune diseases [6,47,48].

Clinical manifestations

Symptoms of trichinellosis typically appear 1 to 4 weeks following the consumption of infected meat, with an incubation 
period of 7–30 days, shorter in more severe infections due to higher larval burden [25]. Disease severity largely depends 
on the inoculum size, which is difficult to quantify, as well as on the Trichinella species and host factors such as age, gen-
der, ethnicity, and immune status [23]. The classic triad of signs and symptoms, fever, periorbital edema, and muscle pain, 
is frequently observed and should be carefully assessed by medical practitioners when trichinellosis is suspected.

Early symptoms are nonspecific: malaise, headache, diarrhea, and gastrointestinal discomfort, often accompanied by 
high fever (39–40 °C) lasting 8–10 days [49]. The intestinal phase begins around 2 days p.i. with gastroenteritis caused 
by IIL invading the intestinal mucosa. Additional symptoms such as anorexia, nausea, vomiting, abdominal pain, and 
constipation may also occur, with diarrhea generally being more prolonged than vomiting [23]. The subsequent parenteral 
phase occurs as released NBLs migrate to skeletal muscles, provoking systemic symptoms. During trichinellosis, T. spi-
ralis releases stage-specific antigens that activate dendritic cells and initially elicit a Th1 response characterized by IL-12, 
IFN-γ, TNF-α, IL-1β, and nitric oxide (NO), contributing to intestinal inflammation. As larvae disseminate, the response 
shifts toward a predominant Th2 profile, marked by increased IL-4, IL-5, IL-10, and IL-13, which promote eosinophil and 
mast cell proliferation, IgE production, and facilitate parasite expulsion [6]. This Th2 polarization explains the marked 
infiltration of eosinophils, mast cells, monocytes, and lymphocytes into affected tissue. IL-5 in particular drives eosinophil 
maturation and recruitment, making eosinophilia a characteristic finding in trichinellosis [23]. Mast cell degranulation, and 
the release of mediators such as histamine, prostaglandins, and bradykinin contribute to capillary leakage and the devel-
opment of characteristic facial or periorbital edema [4]. Because T. spiralis matures and reproduces rapidly, both Th1 and 
Th2 responses overlap, with Th2 dominance emerging during NBL dissemination. In the muscle phase, regulatory T cells 
accumulate near infected tissue, likely reflecting activation of regulatory pathways, and inflammation gradually subsides 
and may resolve completely. Throughout their life, Trichinella ML, through their ES L1 products, modulate host immune 
responses triggered by additional host or environmental factors, thus contributing to the restoration of homeostasis [6]. 
Clinical manifestations at parenteral stage include fatigue, myalgia, and conjunctivitis. Periorbital and facial edema, as 
well as cutaneous rash, are considered IgE-mediated allergic manifestations associated with trichinellosis [50]. Additional 
signs may include rash, petechiae, subungual hemorrhages, and ocular muscle pain [4]. Myalgia varies in intensity based 
on disease severity and typically involves the trunk and limbs. In severe cases, patients may experience significant mus-
cle weakness or disability due to lesions like angiomyositis and neuromuscular complications [49].

The clinical course of trichinellosis varies widely; it may be asymptomatic, abortive, mild, or moderate to severe, 
sometimes with complications [4, Table 1]. Most cases resolve within a few months, especially with prompt treatment, but 
complications can occur, occasionally in severe or untreated infections, and in the older adults. Ocular muscle invasion 
may cause eye pain, diplopia, paralysis, or accommodation issues [49]. Serious complications involve the cardiovascular 

Table 1.  Clinical spectrum of trichinellosis.

Trichinellosis phase Clinical features

Intestinal phase
(1–2 days postinfection)

Abdominal pain, diarrhea, nausea, vomiting

Systemic phase
(1–2 weeks postinfection)

High fever, periorbital/facial edema, myalgia, eosinophilia

Severe complications Myocarditis, pneumonia, encephalitis (rare, life-threatening)

Chronic manifestations Persistent fatigue, reduced muscle strength, long-term myalgia

https://doi.org/10.1371/journal.pntd.0013944.t001

https://doi.org/10.1371/journal.pntd.0013944.t001
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system (e.g., myocarditis, pericardial pain, electrocardiogram changes) and respiratory system (e.g., dyspnea, pneumo-
nia, bronchitis) [51,52]. Pulmonary manifestations may include cough, shortness of breath, and patchy infiltrates visible 
on the chest X-rays [53]. Dyspnea is relatively frequent respiratory symptom, typically resulting from parasitic invasion of 
the diaphragm and inflammation of the respiratory muscles [49,54]. Late-stage pneumonia and pleuritis may occur due to 
bacterial infection [4]. Neurological complications, though rare, include meningitis, encephalopathy, and cortical infarcts 
[49]. In some cases, focal brain lesions can occur, most commonly presenting as motor deficits, particularly hemiparesis, 
while involvement of cerebellum and cranial nerves is less frequently observed [55].

In some individuals, trichinellosis may progress to a chronic form characterized by persistent fatigue, myalgia, reduced 
muscle strength, or ocular disturbances that can persist for years or even decades [56,57]. This condition is associated 
with the continued presence of IgG antibodies in the serum, electromyographic abnormalities, and infiltration of inflamma-
tory cells in muscle tissue [58,59]. It is referred to as either chronic trichinellosis or as a sequelae of the acute phase [49].

Diagnosis

Diagnosis of trichinellosis can be particularly challenging in cases with atypical clinical presentations or in sporadic cases 
that present with nonspecific symptoms such as leukocytosis with eosinophilia, fever, fatigue, and myalgia, which may 
indicate diseases other than trichinellosis [4,60]. Therefore, diagnosis is based on three main criteria issued by the Euro-
pean Center for Disease Control: a patient’s history and relevant epidemiological data, clinical examination, and laboratory 
findings, which include serological testing for the presence of anti-Trichinella antibodies. Definitive diagnosis could be 
made by muscle biopsy [49]. However, muscle biopsy is both invasive and painful, and therefore often avoided, especially 
since it may not always yield definitive results, even when clinical suspicion of trichinellosis is well-founded, as it often 
gives negative results during the early phase of the disease. Diagnostic sensitivity of muscle biopsy increases several 
weeks after infection [23]. It is only used in severe cases when it is impossible to reach a conclusion based on serological 
findings and differential diagnosis. It should be pointed out that muscle biopsy enables species identification, using meth-
ods based on polymerase chain reaction, which is important in cases when the source of the infection could not be traced 
back. In addition, in situations where the etiological agent remains unclear, western blot analysis using T. spiralis crude 
worm extract can assist in distinguishing infections caused by encapsulated versus non-encapsulated Trichinella species 
[61], while new approaches based on cellular immune-response profiling may further support species differentiation [41].

For an accurate diagnosis, it is necessary to collect detailed medical history of the patient and determine the behavior 
(especially eating habits) of the patient in the period coinciding with a possible Trichinella infection. Identifying an epide-
miological link, such as exposure to a common infection source or consumption of contaminated meat, is a key factor in 
considering trichinellosis outbreak as part of the differential diagnosis [52]. Laboratory findings such as leukocytosis, eosin-
ophilia, elevated levels of muscle enzymes (e.g., creatine phosphokinase, lactate dehydrogenase, transaminases, and 
aldolase), and increased total IgE are considered nonspecific for trichinellosis, but still may help in determining the diagno-
sis [4,23,49,52, Table 2]. Serological testing, typically involving the detection of specific immunoglobulins in the serum, on 
the other hand, provides valuable diagnostic support. The International Commission on Trichinellosis recommends the use 
of the ELISA test with ES L1 antigens for the serological diagnosis of Trichinella infection in humans [61,62]. Compared to 
crude somatic ML extract, ES L1 antigens show limited cross-reactivity with antibodies produced against other parasitic 
infections. Additional serological methods such as indirect immunofluorescence assay (IFA), indirect hemagglutination, and 
western blot are also utilized (Fig 3C). Serological tests are often negative in the early stages of infection, therefore retest-
ing after the initial sample is recommended, and evidence of seroconversion provides strong diagnostic value. To achieve 
reliable diagnosis, it is advised that at least two different tests using two different antigens (i.e., ES L1 in ELISA and whole 
ML in IFA) should be performed in diagnostic laboratory [23]. IFA using whole larvae as an antigen can detect specific 
immunoglobulins earlier than ELISA, a week after appearance of trichinellosis symptoms [54,60]. However, the disadvan-
tage of this method is its potential cross-reactivity with antibodies from other parasitic infections or autoimmune diseases, 
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which may lead to false-positive results. Therefore, western blot should be used as a confirmatory test for ELISA findings, 
especially in cases where the results are inconclusive, to avoid both false-negative and false-positive outcomes.

Early and accurate diagnosis is a prerequisite for timely and effective treatment. Seroconversion happens between 2nd 
and 3rd week p.i. [63]. During the early phase of infection, anti-Trichinella antibodies are primarily directed against anti-
gens of IIL and AW, which may include stage-specific epitopes absent from the ES L1 products commonly used in ELISA 
assays. Consequently, serum samples collected during the window period between Trichinella infection and detectable 
antibody levels may yield false-negative results. Since ES L1-based ELISA lacks sufficient sensitivity for detecting anti-
bodies in the early stages of infection, attempts have been made to construct a test using parasite components from IIL 
and AW. Antigens from IIL, which are the first to interact with host immune cells, may serve as important early markers of 
trichinellosis. Sun and coworkers [64] demonstrated that ELISA based on IIL excretory-secretory products could detect 
anti-Trichinella antibodies in patients as early as 19 days p.i. Similar results were obtained when sera of patients with 
trichinellosis at 19 days p.i. were tested using ELISA with AW ES [65]. Although the sensitivity and specificity of tests with 
IIL and AW ES antigens exceeded ELISA with ES L1, the process of isolating IIL and adults from the intestine for antigen 
preparation is much more demanding than obtaining ML.

Treatment

Treatment of trichinellosis is based on patients’ symptoms, anamnestic data (history of consuming raw or undercooked 
meat that has not been tested for Trichinella), and laboratory findings.

Initial symptoms of clinically manifested infection, such as headache and fever, are usually treated symptomatically 
with antipyretics and anti-inflammatory drugs. Trichinella infection with systemic complications is treated with antiparasitic 
drugs (albendazole 400 mg twice a day per orally for 8–14 days, mebendazole 200–400 mg three times a day for 3 days, 
then 400–500 mg three times a day for 10 days) and corticosteroids (prednisone 30–60 mg daily for 10–15 days). Albenda-
zole and mebendazole are not considered as safe for use in pregnant women and children under 2 years of age [49]. For 
children older than 2 years, albendazole is administered at a dose of 5 mg/kg body weight twice daily for 10–15 days.

Table 2.  Diagnostic scheme for estimating the probability of trichinellosis (created according to 
data interpretation from Refs. [49] and [52]).

Group of clinical and laboratory criteria

a. Major clinical signs • Fever
• Eyelid and/or facial edema
• Myalgia

b. Additional clinical signs • Diarrhea
• Neurological signs
• Cardiological signs
• Conjunctivitis
• Subungual hemorrhages
• Cutaneous rash

c. Laboratory findings • Eosinophilia (>1,000 cells/µl) and/or increased total IgE
• Elevated muscle enzymes

d. Parasitological/serological findings • Positive serology (highly specific test)
• Seroconversion
• Positive muscle biopsy

Diagnostic interpretation of trichinellosis:
Very unlikely: 1a/1b/1c
Suspected: 1a/2b + 1c
Probable: 3a + 1c
Highly probable: 3a + 2c
Confirmed: 3a + 2c + 1d or any of a/b + 1c + 1d

https://doi.org/10.1371/journal.pntd.0013944.t002

https://doi.org/10.1371/journal.pntd.0013944.t002
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Confirming the diagnosis enables the early initiation of antiparasitic therapy, which is essential for preventing or alle-
viating trichinellosis symptoms. The major limitation of delayed treatment lies in the low susceptibility of migrating and 
encapsulated ML to anthelmintic agents [4]. According to Faber and colleagues [66], antiparasitic drugs are effective when 
administered within the first 6 days post-exposure, during the phase of intestinal invasion by IIL, when anthelmintics pri-
marily act by expelling worms from the intestine. Three comparative studies assessing treatment efficacy have shown that 
mebendazole and albendazole should be considered as the first-line therapies for the acute phase of trichinellosis [52]. 
However, prospective, randomized studies are still urgently needed to establish optimal treatment regimens for systemic 
trichinellosis [67]. Moreover, early diagnosis of trichinellosis is uncommon, and most patients are identified several weeks 
postinfection, by which time larvae have already established within muscle cells.

Prevention

Trichinellosis remains endemic in parts of World [4], largely due to insufficient awareness among small-scale and back-
yard pig farmers, who often neglect hygiene standards and fail to submit meat for veterinary inspection. Uninspected pork 
is sometimes shared informally or sold on local markets, facilitating further spread of the infection. Exported cases have 
been documented, such as simultaneous outbreaks in Serbia and France [68]. Emerging risks include infections acquired 
during wildlife hunting tourism in North America or through consumption of exotic meats, such as polar bear in Greenland 
[69,70]. Traditional food practices like consumption of raw or undercooked meat, homemade sausages, or products pre-
pared by smoking, fermenting, or drying of uninspected meat, also contribute to transmission, as these methods may not 
reliably inactivate Trichinella larvae [54,60,71]. Wild boar meat infected with T. britovi is another significant source of infec-
tion when not properly tested before consumption [72–74]. Conversely, countries with advanced veterinary infrastructure 
have drastically reduced pork-related trichinellosis through high-biosecurity farming and routine meat inspections [3,75]. 
EU Regulation No. 2015/1375 mandates Trichinella testing for slaughtered pigs, wild boars, horses, and other susceptible 
animals, excluding pigs slaughtered for private use. With pork-related cases declining, infections from wild game meat are 
now of growing concern [2].

Eating untested raw and undercooked meat should be avoided. The most important prevention measure is to make 
sure that pork and pork products and meat from wild animals are properly cooked to safe temperatures (71 °C in the 
middle of small pieces of meat) before consumption. Salting, drying, and smoking pork meat does not consistently kill 
infective Trichinella larvae, so homemade sausages made from infected meat were the cause of cases of trichinellosis 
reported worldwide in recent years (FAO, 2014; https://www.fao.org/family-farming/detail/en/c/273649/). The United States 
Department of Agriculture recommends freezing meat less than 15 cm thick for 20 days at ‒15 °C to kill Trichinella larvae. 
However, freezing game meat is not safe enough because some Trichinella species that infect wild animals are freeze-
resistant, and freezing will not effectively kill all the larvae. Although microwave cooking is widely used for its convenience, 
its safety in inactivating Trichinella larvae remains uncertain, as uneven heat distribution may leave portions of meat 
undercooked; therefore, additional research is needed before microwave cooking can be considered a reliable method for 
preparing potentially infected pork [76].

Trichinella control measures include pig identification, mandatory testing of all pigs slaughtered for human consumption, 
surveillance of wild boar populations, rodent control on pig farms, and monitoring of these preventive actions. Collectively, 
these measures have a One Health impact, reducing the prevalence of infection in animals and, consequently, the number 
of human trichinellosis cases. Public awareness campaigns through the media are necessary to inform consumers about 
the risk of trichinellosis. Although implementation of veterinary measures has resulted in a reduction of Trichinella infec-
tions in pigs, the existence of outbreaks worldwide indicates insufficient public awareness and suggests that further efforts 
should be made to continue education and strengthening of preventive measures [10].

EU regulations require that veterinarians and laboratory staff that inspect meat for the presence of Trichinella spp. lar-
vae must be properly trained and use officially recommended methods for detection (ISO/IEC, 2015, and European Union, 
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2015). Further, EU laboratories in charge of official controls must regularly participate in Proficiency Testing (PT) schemes 
for the detection of Trichinella larvae in meat by artificial digestion [2,77], and some non-EU countries (like Serbia) partici-
pate also [78–80]. Continuous participation in PT schemes increase performance of participating laboratories by positively 
affecting the staff’s accuracy in sample testing by artificial digestion [78,80].

For better prevention of trichinellosis, we need: (a) Education of consumers of backyard pigs and game meat about the 
risk, as well as producers and hunters; (b) A functional quality assurance system in laboratories that perform official Trich-
inella testing and regular participation in PT. Cooperation at the global level, like the European network of parasitological 
laboratories (National Reference Laboratories) organized by the Istituto Superiore di Sanità (European Reference Labora-
tory for Parasites, ISS, Rome, Italy), proved to be very useful.

Although advances in the identification and characterization of stage-specific and immunomodulatory Trichinella pro-
teins have generated interest in vaccine development [81,82], the practical applicability of vaccination in domestic pigs or 
humans remains limited. Under modern, well-managed husbandry conditions, the risk of T. spiralis infection in livestock is 
generally low, reducing the justification for routine vaccination of pigs. In humans, trichinellosis could be associated with 
consumption of insufficiently cooked meat from wild game; moreover, infections may involve not only T. spiralis, the most 
common etiological agent, but also T. britovi and other Trichinella species, making the development of a broadly effective 
human vaccine challenging. Nevertheless, the ongoing identification and characterization of stage-specific and immu-
nomodulatory Trichinella proteins continue to provide promising starting points for vaccine research, leaving open the 
possibility of creating effective next-generation vaccines based on recombinant proteins, DNA, or viral vectors as part of 
preventive strategies [81].

Future prospects

The future of trichinellosis research will, on one hand, continue to focus on reducing global incidence through improved 
hygiene, better livestock management practices that minimize pigs’ exposure to infection, stricter inspection protocols, 
and public education on safe food preparation and meat inspection. On the other hand, emerging technologies will provide 
new insights into the parasite’s life cycle, deepen our understanding of the immune response, and shed light on host–
pathogen interactions, knowledge that may ultimately contribute to the development of novel therapeutic approaches for 
chronic inflammatory diseases.

Key learning points

1 Transmission and Life Cycle—Trichinellosis is acquired by eating raw or undercooked meat (pigs, wild animals) containing infective 
larvae; the infection progresses from an intestinal phase to systemic larval migration into striated muscles resulting in reprogramming 
of myocytes into nurse cells, a unique and novel host cell type that supports larval survival, enabling long-time persistence.

2 Clinical Manifestations—Symptoms range from mild gastrointestinal issues to systemic illness (fever, periorbital edema, myalgia), 
with some cases developing chronic fatigue and muscle weakness.

3 Immune Response—The disease is associated with a Th2-dominated immune response and marked eosinophilia.

4 Diagnosis and Prevention—Diagnosis relies on clinical signs and symptoms, laboratory findings, and link with epidemiological data, 
prevention focuses on meat inspection, controlled farming, and public education.

5 Public Health Relevance—Despite progress in food safety and research, trichinellosis remains a public health concern in endemic 
regions, highlighting the need for better understanding of disease mechanisms and species-specific differences.

Selected publications

1 Wu Z, Nagano I, Takahashi Y. Trichinella: what is going on during nurse cell formation? Vet Parasitol. 2013; 194: 155–9. https://doi.
org/10.1016/j.vetpar.2013.01.044 [26]

2 Bruschi F, editor. Trichinella and Trichinellosis. London, UK: Academic Press; 2021 https://doi.org/10.1016/C2019-0-02594-0 [1,12]

3 Bruschi F, Ashour DS, Othman AA. Trichinella-induced immunomodulation: Another tale of helminth success. Food Waterborne Para-
sitol. 2022; 27: e00164. https://doi.org/10.1016/j.fawpar.2022.e00164 [21]

https://doi.org/10.1016/j.vetpar.2013.01.044
https://doi.org/10.1016/j.vetpar.2013.01.044
https://doi.org/10.1016/C2019-0-02594-0
https://doi.org/10.1016/j.fawpar.2022.e00164


PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013944  January 30, 2026 13 / 16

4 Bruschi F, Gómez-Morales MA, Hill DE. International Commission on Trichinellosis: Recommendations on the use of serological 
tests for the detection of Trichinella infection in animals and humans. Food Waterborne Parasitol. 2019; 5(14):e00032. https://doi.
org/10.1016/j.fawpar.2018.e00032 PMID: 32095603 [60]

5 Gamble HR. Trichinella spp. control in modern pork production systems. Food Waterborne Parasitol. 2022; 28:e00172. https://doi.
org/10.1016/j.fawpar.2022.e00172 PMID: 35942058 [75]

Acknowledgments

The authors are deeply grateful to Dr. Ljiljana Sofronic Milosavljevic for dedicating her time and providing insightful com-
ments during the critical review of this manuscript. Her thoughtful feedback and suggestions greatly contributed to improv-
ing the quality of this work. The authors also express their sincere gratitude to Sofija Glamoclija Jekic for her kind and 
valuable assistance in preparing the illustration included in this review.

Author contributions

Investigation: Ivana Mitic, Sasa Vasilev, Alisa Gruden-Movsesijan.

Supervision: Alisa Gruden-Movsesijan.

Writing – original draft: Ivana Mitic, Sasa Vasilev, Alisa Gruden-Movsesijan.

Writing – review & editing: Ivana Mitic, Sasa Vasilev, Alisa Gruden-Movsesijan.

References
	 1.	 Pozio E. Epidemiology. In: Bruschi F, editor. Trichinella and Trichinellosis. Amsterdam, Netherlands: Academic Press; 2021. p. 185–263. https://doi.

org/10.1016/B978-0-12-821209-7.00005-6

	 2.	 Pozio E. Trichinella and trichinellosis in Europe. Vet Glas. 2019;73(2):65–84. https://doi.org/10.2298/vetgl190411017p

	 3.	 Rostami A, Gamble HR, Dupouy-Camet J, Khazan H, Bruschi F. Meat sources of infection for outbreaks of human trichinellosis. Food Microbiol. 
2017;64:65–71. https://doi.org/10.1016/j.fm.2016.12.012 PMID: 28213036

	 4.	 Gottstein B, Pozio E, Nöckler K. Epidemiology, diagnosis, treatment, and control of trichinellosis. Clin Microbiol Rev. 2009;22(1):127–45, Table of 
Contents. https://doi.org/10.1128/CMR.00026-08 PMID: 19136437

	 5.	 Pozio E. Scientific achievements of the last 60 years: From a single to a multispecies concept of the genus Trichinella. Vet Parasitol. 
2021;297:109042. https://doi.org/10.1016/j.vetpar.2020.109042 PMID: 32035667

	 6.	 Bruschi F, Ashour DS, Othman AA. Trichinella-induced immunomodulation: Another tale of helminth success. Food Waterborne Parasitol. 
2022;27:e00164. https://doi.org/10.1016/j.fawpar.2022.e00164 PMID: 35615625

	 7.	 Mitreva M, Jasmer DP. Biology and genome of Trichinella spiralis. WormBook. 2006;23:1–21. https://doi.org/10.1895/wormbook.1.124.1 PMID: 
18050431

	 8.	 Pozio E. Taxonomy, biology and epidemiology of Trichinella parasites. In: Dupouy-Camet J, Murrell KD, editors. FAO/WHO/OIE guidelines for the 
surveillance, management, prevention and control of trichinellosis. Paris, France: World Organisation for Animal Health Press; 2007. p. 1–35.

	 9.	 Despommier DD. How does Trichinella spiralis make itself at home? Parasitol Today. 1998;14(8):318–23. https://doi.org/10.1016/s0169-
4758(98)01287-3 PMID: 17040798

	10.	 Vasilev S, Mitic I, Mirilovic M, Plavsa D, Milakara E, Plavsic B, et al. Trichinella infection in Serbia from 2011 to 2020: A success story in the field of 
One Health. Epidemiol Infect. 2023;151:e20. https://doi.org/10.1017/S0950268823000109 PMID: 36655706

	11.	 Sharma R, Thompson PC, Hoberg EP, Brad Scandrett W, Konecsni K, Harms NJ, et al. Hiding in plain sight: Discovery and phylogeography of 
a cryptic species of Trichinella (Nematoda: Trichinellidae) in wolverine (Gulo gulo). Int J Parasitol. 2020;50(4):277–87. https://doi.org/10.1016/j.
ijpara.2020.01.003 PMID: 32171846

	12.	 Pozio E, Zarlenga DS. Taxonomy of the Trichinella genus. In: Bruschi F, editor. Trichinella and Trichinellosis. London, UK: Academic Press; 2021. 
p. 35–76. https://doi.org/10.1016/B978-0-12-821209-7.00006-8

	13.	 Pozio E, Darwin Murrell K. Systematics and epidemiology of Trichinella. Adv Parasitol. 2006;63:367–439. https://doi.org/10.1016/S0065-
308X(06)63005-4 PMID: 17134656

	14.	 Pozio E, Rinaldi L, Marucci G, Musella V, Galati F, Cringoli G, et al. Hosts and habitats of Trichinella spiralis and Trichinella britovi in Europe. Int J 
Parasitol. 2009;39(1):71–9. https://doi.org/10.1016/j.ijpara.2008.06.006 PMID: 18708065

	15.	 Bilska-Zając E, Korpysa-Dzirba W, Bełcik A, Karamon J, Sroka J, Cencek T. Scheme of effective epidemiological investigations in Trichinella out-
breaks on pig farms. Foods. 2023;12(6):1320. https://doi.org/10.3390/foods12061320 PMID: 36981247

https://doi.org/10.1016/j.fawpar.2018.e00032
https://doi.org/10.1016/j.fawpar.2018.e00032
https://doi.org/10.1016/j.fawpar.2022.e00172
https://doi.org/10.1016/j.fawpar.2022.e00172
https://doi.org/10.1016/B978-0-12-821209-7.00005-6
https://doi.org/10.1016/B978-0-12-821209-7.00005-6
https://doi.org/10.2298/vetgl190411017p
https://doi.org/10.1016/j.fm.2016.12.012
http://www.ncbi.nlm.nih.gov/pubmed/28213036
https://doi.org/10.1128/CMR.00026-08
http://www.ncbi.nlm.nih.gov/pubmed/19136437
https://doi.org/10.1016/j.vetpar.2020.109042
http://www.ncbi.nlm.nih.gov/pubmed/32035667
https://doi.org/10.1016/j.fawpar.2022.e00164
http://www.ncbi.nlm.nih.gov/pubmed/35615625
https://doi.org/10.1895/wormbook.1.124.1
http://www.ncbi.nlm.nih.gov/pubmed/18050431
https://doi.org/10.1016/s0169-4758(98)01287-3
https://doi.org/10.1016/s0169-4758(98)01287-3
http://www.ncbi.nlm.nih.gov/pubmed/17040798
https://doi.org/10.1017/S0950268823000109
http://www.ncbi.nlm.nih.gov/pubmed/36655706
https://doi.org/10.1016/j.ijpara.2020.01.003
https://doi.org/10.1016/j.ijpara.2020.01.003
http://www.ncbi.nlm.nih.gov/pubmed/32171846
https://doi.org/10.1016/B978-0-12-821209-7.00006-8
https://doi.org/10.1016/S0065-308X(06)63005-4
https://doi.org/10.1016/S0065-308X(06)63005-4
http://www.ncbi.nlm.nih.gov/pubmed/17134656
https://doi.org/10.1016/j.ijpara.2008.06.006
http://www.ncbi.nlm.nih.gov/pubmed/18708065
https://doi.org/10.3390/foods12061320
http://www.ncbi.nlm.nih.gov/pubmed/36981247


PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013944  January 30, 2026 14 / 16

	16.	 Murrell KD, Pozio E. Worldwide occurrence and impact of human trichinellosis, 1986-2009. Emerg Infect Dis. 2011;17(12):2194–202.

	17.	 Yera H, Bory S, Khieu V, Caron Y. Human trichinellosis in Southeast Asia, 2001-2021. Food Waterborne Parasitol. 2022;28:e00171. https://doi.
org/10.1016/j.fawpar.2022.e00171 PMID: 35875401

	18.	 Harizanov R, Yakimova V, Videnova M, Mikov O, Ivanova A, Kaneva E, et al. Surveillance of parasitic diseases in Bulgaria. Probl Infect Parasit Dis. 
2025;52(3):38–46. https://doi.org/10.58395/srqw8992

	19.	 Bai X, Hu X, Liu X, Tang B, Liu M. Current research of Trichinellosis in China. Front Microbiol. 2017;8:1472. https://doi.org/10.3389/
fmicb.2017.01472 PMID: 28824597

	20.	 Gowler CD, Lee N, Morrison T, Mears V, Williams C, Fleischauer A, et al. Notes from the field: Suspected outbreak of Trichinellosis associated with 
undercooked bear meat - North Carolina, November 2023. MMWR Morb Mortal Wkly Rep. 2024;73(40):906–7. https://doi.org/10.15585/mmwr.
mm7340a4 PMID: 39388384

	21.	 Ribicich MM, Fariña FA, Aronowicz T, Ercole ME, Bessi C, Winter M, et al. A review on Trichinella infection in South America. Vet Parasitol. 
2020;285:109234. https://doi.org/10.1016/j.vetpar.2020.109234 PMID: 32949838

	22.	 Mukaratirwa S, La Grange L, Pfukenyi DM. Trichinella infections in animals and humans in sub-Saharan Africa: A review. Acta Trop. 
2013;125(1):82–9. https://doi.org/10.1016/j.actatropica.2012.09.005 PMID: 23041114

	23.	 Bruschi F, Murrell KD. New aspects of human trichinellosis: The impact of new Trichinella species. Postgrad Med J. 2002;78(915):15–22. https://
doi.org/10.1136/pmj.78.915.15 PMID: 11796866

	24.	 Wu Z, Sofronic-Milosavljevic L, Nagano I, Takahashi Y. Trichinella spiralis: Nurse cell formation with emphasis on analogy to muscle cell repair. 
Parasit Vectors. 2008;1(1):27. https://doi.org/10.1186/1756-3305-1-27 PMID: 18710582

	25.	 Wu Z, Nagano I, Boonmars T, Takahashi Y. A spectrum of functional genes mobilized after Trichinella spiralis infection in skeletal muscle. Parasitol-
ogy. 2005;130(Pt 5):561–73. https://doi.org/10.1017/s0031182004006912 PMID: 15991499

	26.	 Capó V, Despommier DD. Clinical aspects of infection with Trichinella spp. Clin Microbiol Rev. 1996;9(1):47–54. https://doi.org/10.1128/CMR.9.1.47 
PMID: 8665476

	27.	 Wu Z, Nagano I, Boonmars T, Takahashi Y. Involvement of the c-Ski oncoprotein in cell cycle arrest and transformation during nurse cell formation 
after Trichinella spiralis infection. Int J Parasitol. 2006;36(10–11):1159–66. https://doi.org/10.1016/j.ijpara.2006.05.012 PMID: 16890942

	28.	 Wu Z, Nagano I, Takahashi Y. Trichinella: What is going on during nurse cell formation? Vet Parasitol. 2013;194(2–4):155–9. https://doi.
org/10.1016/j.vetpar.2013.01.044 PMID: 23433992

	29.	 Taylor PJ, Hagen J, Faruqu FN, Al-Jamal KT, Quigley B, Beeby M, et al. Trichinella spiralis secretes abundant unencapsulated small RNAs with 
potential effects on host gene expression. Int J Parasitol. 2020;50(9):697–705. https://doi.org/10.1016/j.ijpara.2020.05.008 PMID: 32622688

	30.	 Liu X, Song Y, Lu H, Tang B, Piao X, Hou N, et al. Transcriptome of small regulatory RNAs in the development of the zoonotic parasite Trichinella 
spiralis. PLoS One. 2011;6(11):e26448. https://doi.org/10.1371/journal.pone.0026448 PMID: 22096484

	31.	 Wang R, Lin L, Han Y, Li Z, Zhen J, Zhang Y, et al. Exosome-delivered miR-153 from Trichinella spiralis promotes apoptosis of intestinal epithelial 
cells by downregulating Bcl2. Vet Res. 2023;54(1):52. https://doi.org/10.1186/s13567-023-01186-6 PMID: 37381058

	32.	 Liu Y, Cai YC, Chen JX, Chen SH, Yu YF. miRNA let-7-5p present in the extracellular vesicles of Trichinella spiralis newborn larvae inhibits the 
function of M1-type RAW264.7 macrophages by targeting C/EBPδ. Parasit Vectors. 2025;18(1):199. https://doi.org/10.1186/s13071-025-06802-2 
PMID: 40452071

	33.	 Boonmars T, Wu Z, Nagano I, Nakada T, Takahashi Y. Differences and similarities of nurse cells in cysts of Trichinella spiralis and T. pseudospiralis. 
J Helminthol. 2004;78(1):7–16. https://doi.org/10.1079/joh2003203 PMID: 14972031

	34.	 Takahashi Y. Antigens of Trichinella spiralis. Parasitol Today. 1997;13(3):104–6. https://doi.org/10.1016/s0169-4758(97)01008-9 PMID: 15275113

	35.	 Nagano I, Wu Z, Takahashi Y. Functional genes and proteins of Trichinella spp. Parasitol Res. 2009;104(2):197–207. https://doi.org/10.1007/
s00436-008-1248-1 PMID: 18987885

	36.	 Uthailak N, Adisakwattana P, Chienwichai P, Tipthara P, Tarning J, Thawornkuno C, et al. Metabolite profiling of Trichinella spiralis adult worms 
and muscle larvae identifies their excretory and secretory products. Front Cell Infect Microbiol. 2023;13:1306567. https://doi.org/10.3389/
fcimb.2023.1306567 PMID: 38145042

	37.	 Kosanović M, Cvetković J, Gruden-Movsesijan A, Vasilev S, Svetlana M, Ilić N, et al. Trichinella spiralis muscle larvae release extracellular vesicles 
with immunomodulatory properties. Parasite Immunol. 2019;41(10):e12665. https://doi.org/10.1111/pim.12665 PMID: 31356691

	38.	 McVay CS, Bracken P, Gagliardo LF, Appleton J. Antibodies to tyvelose exhibit multiple modes of interference with the epithelial niche of Trichinella 
spiralis. Infect Immun. 2000;68(4):1912–8. https://doi.org/10.1128/IAI.68.4.1912-1918.2000 PMID: 10722582

	39.	 Bruschi F, Pinto B, Fallahi P, Ferrari SM, Antonelli A. Increased neutrophil derived chemokines (CXCL10 and CCL2) in human trichinellosis as 
possible serological markers of the polarization of the immune response against the parasite. Cytokine. 2023;166:156205. https://doi.org/10.1016/j.
cyto.2023.156205 PMID: 37058963

	40.	 Della Bella C, Benagiano M, De Gennaro M, Gomez-Morales MA, Ludovisi A, D’Elios S, et al. T-cell clones in human trichinellosis: Evidence for a 
mixed Th1/Th2 response. Parasite Immunol. 2017;39(3):10.1111/pim.12412. https://doi.org/10.1111/pim.12412 PMID: 28106258

	41.	 Della Bella C, Medici C, D’Elios S, Benagiano M, Ludovisi A, Gomez-Morales MA, et al. Interleukin 17 producing T cell responses in human chronic 
trichinellosis-insight from a case study. Cytokine. 2024;184:156795. https://doi.org/10.1016/j.cyto.2024.156795 PMID: 39492146

https://doi.org/10.1016/j.fawpar.2022.e00171
https://doi.org/10.1016/j.fawpar.2022.e00171
http://www.ncbi.nlm.nih.gov/pubmed/35875401
https://doi.org/10.58395/srqw8992
https://doi.org/10.3389/fmicb.2017.01472
https://doi.org/10.3389/fmicb.2017.01472
http://www.ncbi.nlm.nih.gov/pubmed/28824597
https://doi.org/10.15585/mmwr.mm7340a4
https://doi.org/10.15585/mmwr.mm7340a4
http://www.ncbi.nlm.nih.gov/pubmed/39388384
https://doi.org/10.1016/j.vetpar.2020.109234
http://www.ncbi.nlm.nih.gov/pubmed/32949838
https://doi.org/10.1016/j.actatropica.2012.09.005
http://www.ncbi.nlm.nih.gov/pubmed/23041114
https://doi.org/10.1136/pmj.78.915.15
https://doi.org/10.1136/pmj.78.915.15
http://www.ncbi.nlm.nih.gov/pubmed/11796866
https://doi.org/10.1186/1756-3305-1-27
http://www.ncbi.nlm.nih.gov/pubmed/18710582
https://doi.org/10.1017/s0031182004006912
http://www.ncbi.nlm.nih.gov/pubmed/15991499
https://doi.org/10.1128/CMR.9.1.47
http://www.ncbi.nlm.nih.gov/pubmed/8665476
https://doi.org/10.1016/j.ijpara.2006.05.012
http://www.ncbi.nlm.nih.gov/pubmed/16890942
https://doi.org/10.1016/j.vetpar.2013.01.044
https://doi.org/10.1016/j.vetpar.2013.01.044
http://www.ncbi.nlm.nih.gov/pubmed/23433992
https://doi.org/10.1016/j.ijpara.2020.05.008
http://www.ncbi.nlm.nih.gov/pubmed/32622688
https://doi.org/10.1371/journal.pone.0026448
http://www.ncbi.nlm.nih.gov/pubmed/22096484
https://doi.org/10.1186/s13567-023-01186-6
http://www.ncbi.nlm.nih.gov/pubmed/37381058
https://doi.org/10.1186/s13071-025-06802-2
http://www.ncbi.nlm.nih.gov/pubmed/40452071
https://doi.org/10.1079/joh2003203
http://www.ncbi.nlm.nih.gov/pubmed/14972031
https://doi.org/10.1016/s0169-4758(97)01008-9
http://www.ncbi.nlm.nih.gov/pubmed/15275113
https://doi.org/10.1007/s00436-008-1248-1
https://doi.org/10.1007/s00436-008-1248-1
http://www.ncbi.nlm.nih.gov/pubmed/18987885
https://doi.org/10.3389/fcimb.2023.1306567
https://doi.org/10.3389/fcimb.2023.1306567
http://www.ncbi.nlm.nih.gov/pubmed/38145042
https://doi.org/10.1111/pim.12665
http://www.ncbi.nlm.nih.gov/pubmed/31356691
https://doi.org/10.1128/IAI.68.4.1912-1918.2000
http://www.ncbi.nlm.nih.gov/pubmed/10722582
https://doi.org/10.1016/j.cyto.2023.156205
https://doi.org/10.1016/j.cyto.2023.156205
http://www.ncbi.nlm.nih.gov/pubmed/37058963
https://doi.org/10.1111/pim.12412
http://www.ncbi.nlm.nih.gov/pubmed/28106258
https://doi.org/10.1016/j.cyto.2024.156795
http://www.ncbi.nlm.nih.gov/pubmed/39492146


PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013944  January 30, 2026 15 / 16

	42.	 Mitic I, Glamoclija S, Radulovic N, Sabljic L, Tomic S, Gruden-Movsesijan A, et al. Patients with Trichinella spiralis infection display unmodified 
antigen-specific immune response to SARS-CoV-2. Mem Inst Oswaldo Cruz. 2025;120:e250044. https://doi.org/10.1590/0074-02760250044 
PMID: 41124407

	43.	 Wang J, Tang B, You X, Cai X, Jia W, Liu X, et al. Trichinella spiralis excretory/secretory products from adult worms inhibit NETosis and regulate 
the production of cytokines from neutrophils. Parasit Vectors. 2023;16(1):374. https://doi.org/10.1186/s13071-023-05979-8 PMID: 37864246

	44.	 Yang Y, Liu L, Liu X, Zhang Y, Shi H, Jia W, et al. Extracellular vesicles derived from Trichinella spiralis muscle larvae ameliorate TNBS-induced 
colitis in mice. Front Immunol. 2020;11:1174. https://doi.org/10.3389/fimmu.2020.01174 PMID: 32595641

	45.	 Ilic N, Gruden-Movsesijan A, Cvetkovic J, Tomic S, Vucevic DB, Aranzamendi C, et al. Trichinella spiralis excretory-secretory products induce 
tolerogenic properties in human dendritic cells via toll-like receptors 2 and 4. Front Immunol. 2018;9:11. https://doi.org/10.3389/fimmu.2018.00011 
PMID: 29416536

	46.	 Glamočlija S, Sabljić L, Tomić S, Đokić J, Radulović N, Gruden-Movsesijan A, et al. Trichinella spiralis extracellular vesicles induce anti-
inflammatory and regulatory immune responses in vitro. Int J Parasitol. 2025;55(6):299–315. https://doi.org/10.1016/j.ijpara.2025.01.008 PMID: 
39842685

	47.	 Ding J, Liu X, Bai X, Wang Y, Li J, Wang C, et al. Trichinella spiralis: Inflammation modulator. J Helminthol. 2020;94:e193. https://doi.org/10.1017/
S0022149X20000802 PMID: 32951619

	48.	 Ryan SM, Eichenberger RM, Ruscher R, Giacomin PR, Loukas A. Harnessing helminth-driven immunoregulation in the search for novel therapeu-
tic modalities. PLoS Pathog. 2020;16(5):e1008508. https://doi.org/10.1371/journal.ppat.1008508 PMID: 32407385

	49.	 Dupouy-Camet J, Bruschi F. Management and diagnosis of human trichinellosis. In: Dupouy-Camet J, Murrell KD, editors. FAO/WHO/OIE guide-
lines for the surveillance, management, prevention and control of trichinellosis. Paris, France: World Organisation for Animal Health Press; 2007. p. 
37–68. https://openknowledge.fao.org/items/ae62118c-7879-4e76-a7b1-8e714c2ee276

	50.	 Watanabe N, Bruschi F, Korenaga M. IgE: A question of protective immunity in Trichinella spiralis infection. Trends Parasitol. 2005;21(4):175–8. 
https://doi.org/10.1016/j.pt.2005.02.010 PMID: 15780839

	51.	 Lupșe M, Ionică AM, Flonta M, Rus MA, Briciu V. Retrospective survey of human trichinellosis in a Romanian Infectious Diseases Hospital over a 
thirty-year interval-the never-ending story. Pathogens. 2023;12(3):369. https://doi.org/10.3390/pathogens12030369 PMID: 36986291

	52.	 Dupouy-Camet J, Kociecka W, Bruschi F, Bolas-Fernandez F, Pozio E. Opinion on the diagnosis and treatment of human trichinellosis. Expert Opin 
Pharmacother. 2002;3(8):1117–30. https://doi.org/10.1517/14656566.3.8.1117 PMID: 12150691

	53.	 Khemasuwan D, Farver C, Mehta AC. Parasitic diseases of the lung. Dis the Central Airways. 2016; 24: 231–53. https://doi.
org/10.1007/978-3-319-29830-6_11

	54.	 Mitic I, Vasilev S, Korac M, Ilic N, Bojic B, Gruden-Movsesijan A, et al. Trichinellosis in Serbia has become a rare event - one outbreak with pulmo-
nary complications. Folia Parasitol. 2022;69:2022.009. https://doi.org/10.14411/fp.2022.009 PMID: 35481468

	55.	 Rosca EC, Tudor R, Cornea A, Simu M. Central nervous system involvement in trichinellosis: A systematic review. Diagnostics (Basel). 
2021;11(6):945. https://doi.org/10.3390/diagnostics11060945 PMID: 34070586

	56.	 Harms G, Binz P, Feldmeier H, Zwingenberger K, Schleehauf D, Dewes W, et al. Trichinosis: A prospective controlled study of patients ten years 
after acute infection. Clin Infect Dis. 1993;17(4):637–43. https://doi.org/10.1093/clinids/17.4.637 PMID: 8268344

	57.	 Ilic N, Vasilev S, Gruden-Movsesijan A, Gnjatovic M, Sofronic-Milosavljevic L, Mitic I. Long lasting immunity in trichinellosis - insight from a small 
study group. J Helminthol. 2022;96:e35. https://doi.org/10.1017/S0022149X22000268 PMID: 35606907

	58.	 Piergili-Fioretti D, Castagna B, Frongillo RF, Bruschi F. Re-evaluation of patients involved in a trichinellosis outbreak caused by Trichinella britovi 15 
years after infection. Vet Parasitol. 2005;132(1–2):119–23. https://doi.org/10.1016/j.vetpar.2005.05.039 PMID: 15990231

	59.	 Kociecka W, Bombicki K, Pielok L, Gustowska L. New aspects of clinical pathology and electro-physiological muscle disturbances in patients with 
history of trichinellosis. Parasite. 2001;8(2 Suppl):S173–5. https://doi.org/10.1051/parasite/200108s2173 PMID: 11484347

	60.	 Mitic I, Gnjatovic M, Vasilev S, Ristovic N, Miladinovic-Tasic N, Sofronic-Milosavljevic L. Two trichinellosis outbreaks in Serbia - challenging diagno-
sis due to a potential co-infection with Toxocara spp. J Helminthol. 2022;96:e83. https://doi.org/10.1017/S0022149X22000712 PMID: 36330684

	61.	 Gómez-Morales MA, Ludovisi A, Amati M, Cherchi S, Pezzotti P, Pozio E. Validation of an enzyme-linked immunosorbent assay for diagnosis of 
human trichinellosis. Clin Vaccine Immunol. 2008;15(11):1723–9. https://doi.org/10.1128/CVI.00257-08 PMID: 18827188

	62.	 Bruschi F, Gómez-Morales MA, Hill DE. International Commission on Trichinellosis: Recommendations on the use of serological tests for the detec-
tion of Trichinella infection in animals and humans. Food Waterborne Parasitol. 2019;14:e00032. https://doi.org/10.1016/j.fawpar.2018.e00032 
PMID: 32095603

	63.	 Gómez-Morales MÁ, Cherchi S, Ludovisi A. Serological testing for Trichinella infection in animals and man: Current status and opportunities for 
advancements. Food Waterborne Parasitol. 2022;27:e00165. https://doi.org/10.1016/j.fawpar.2022.e00165 PMID: 35601880

	64.	 Sun GG, Liu RD, Wang ZQ, Jiang P, Wang L, Liu XL, et al. New diagnostic antigens for early trichinellosis: The excretory-secretory antigens of 
Trichinella spiralis intestinal infective larvae. Parasitol Res. 2015;114(12):4637–44. https://doi.org/10.1007/s00436-015-4709-3 PMID: 26342828

	65.	 Sun G-G, Wang Z-Q, Liu C-Y, Jiang P, Liu R-D, Wen H, et al. Early serodiagnosis of trichinellosis by ELISA using excretory-secretory antigens of 
Trichinella spiralis adult worms. Parasit Vectors. 2015;8:484. https://doi.org/10.1186/s13071-015-1094-9 PMID: 26394626

https://doi.org/10.1590/0074-02760250044
http://www.ncbi.nlm.nih.gov/pubmed/41124407
https://doi.org/10.1186/s13071-023-05979-8
http://www.ncbi.nlm.nih.gov/pubmed/37864246
https://doi.org/10.3389/fimmu.2020.01174
http://www.ncbi.nlm.nih.gov/pubmed/32595641
https://doi.org/10.3389/fimmu.2018.00011
http://www.ncbi.nlm.nih.gov/pubmed/29416536
https://doi.org/10.1016/j.ijpara.2025.01.008
http://www.ncbi.nlm.nih.gov/pubmed/39842685
https://doi.org/10.1017/S0022149X20000802
https://doi.org/10.1017/S0022149X20000802
http://www.ncbi.nlm.nih.gov/pubmed/32951619
https://doi.org/10.1371/journal.ppat.1008508
http://www.ncbi.nlm.nih.gov/pubmed/32407385
https://openknowledge.fao.org/items/ae62118c-7879-4e76-a7b1-8e714c2ee276
https://doi.org/10.1016/j.pt.2005.02.010
http://www.ncbi.nlm.nih.gov/pubmed/15780839
https://doi.org/10.3390/pathogens12030369
http://www.ncbi.nlm.nih.gov/pubmed/36986291
https://doi.org/10.1517/14656566.3.8.1117
http://www.ncbi.nlm.nih.gov/pubmed/12150691
https://doi.org/10.1007/978-3-319-29830-6_11
https://doi.org/10.1007/978-3-319-29830-6_11
https://doi.org/10.14411/fp.2022.009
http://www.ncbi.nlm.nih.gov/pubmed/35481468
https://doi.org/10.3390/diagnostics11060945
http://www.ncbi.nlm.nih.gov/pubmed/34070586
https://doi.org/10.1093/clinids/17.4.637
http://www.ncbi.nlm.nih.gov/pubmed/8268344
https://doi.org/10.1017/S0022149X22000268
http://www.ncbi.nlm.nih.gov/pubmed/35606907
https://doi.org/10.1016/j.vetpar.2005.05.039
http://www.ncbi.nlm.nih.gov/pubmed/15990231
https://doi.org/10.1051/parasite/200108s2173
http://www.ncbi.nlm.nih.gov/pubmed/11484347
https://doi.org/10.1017/S0022149X22000712
http://www.ncbi.nlm.nih.gov/pubmed/36330684
https://doi.org/10.1128/CVI.00257-08
http://www.ncbi.nlm.nih.gov/pubmed/18827188
https://doi.org/10.1016/j.fawpar.2018.e00032
http://www.ncbi.nlm.nih.gov/pubmed/32095603
https://doi.org/10.1016/j.fawpar.2022.e00165
http://www.ncbi.nlm.nih.gov/pubmed/35601880
https://doi.org/10.1007/s00436-015-4709-3
http://www.ncbi.nlm.nih.gov/pubmed/26342828
https://doi.org/10.1186/s13071-015-1094-9
http://www.ncbi.nlm.nih.gov/pubmed/26394626


PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013944  January 30, 2026 16 / 16

	66.	 Faber M, Schink S, Mayer-Scholl A, Ziesch C, Schönfelder R, Wichmann-Schauer H, et al. Outbreak of trichinellosis due to wild boar meat and 
evaluation of the effectiveness of post exposure prophylaxis, Germany, 2013. Clin Infect Dis. 2015;60(12):e98–104. https://doi.org/10.1093/cid/
civ199 PMID: 25770171

	67.	 Watt G, Silachamroon U. Areas of uncertainty in the management of human trichinellosis: A clinical perspective. Expert Rev Anti Infect Ther. 
2004;2(4):649–52. https://doi.org/10.1586/14787210.2.4.649 PMID: 15482227

	68.	 Barruet R, Devez A, Dupouy-Camet J, Karadjian G, Plavsa D, Chydériotis G, et al. A common source for a trichinellosis outbreak reported in 
France and Serbia in 2017. Euro Surveill. 2020;25(24):1900527. https://doi.org/10.2807/1560-7917.ES.2020.25.24.1900527 PMID: 32583764

	69.	 Pozio E. Trichinella spp. imported with live animals and meat. Vet Parasitol. 2015;213(1–2):46–55. https://doi.org/10.1016/j.vetpar.2015.02.017 
PMID: 25754352

	70.	 Dupouy-Camet J, Yera H, Dahane N, Bouthry E, Kapel CMO. A cluster of three cases of trichinellosis linked to bear meat consumption in the Arctic. 
J Travel Med. 2016;23(5):10.1093/jtm/taw037. https://doi.org/10.1093/jtm/taw037 PMID: 27296583

	71.	 Neghina R. Trichinellosis, a Romanian never-ending story. An overview of traditions, culinary customs, and public health conditions. Foodborne 
Pathog Dis. 2010;7(9):999–1003. https://doi.org/10.1089/fpd.2010.0546 PMID: 20491611

	72.	 Blaga R, Gherman C, Cozma V, Zocevic A, Pozio E, Boireau P. Trichinella species circulating among wild and domestic animals in Romania. Vet 
Parasitol. 2009;159(3–4):218–21. https://doi.org/10.1016/j.vetpar.2008.10.034 PMID: 19059726

	73.	 Pavic S, Andric A, Sofronic-Milosavljevic LJ, Gnjatovic M, Mitić I, Vasilev S, et al. Trichinella britovi outbreak: Epidemiological, clinical, and biologi-
cal features. Med Mal Infect. 2020;50(6):520–4. https://doi.org/10.1016/j.medmal.2019.10.008 PMID: 31732242

	74.	 Gherman CM, Boros Z, Băieș M-H, Cozma-Petruț A, Cozma V. A review of Trichinella species infection in wild animals in Romania. Food Water-
borne Parasitol. 2022;28:e00178. https://doi.org/10.1016/j.fawpar.2022.e00178 PMID: 36072477

	75.	 Gamble HR. Trichinella spp. control in modern pork production systems. Food Waterborne Parasitol. 2022;28:e00172. https://doi.org/10.1016/j.
fawpar.2022.e00172 PMID: 35942058

	76.	 Noeckler K, Pozio E, van der Giessen J, Hill DE, Gamble HR. International Commission on Trichinellosis: Recommendations on post-harvest con-
trol of Trichinella in food animals. Food Waterborne Parasitol. 2019;14:e00041. https://doi.org/10.1016/j.fawpar.2019.e00041 PMID: 32095607

	77.	 Marucci G, Tonanzi D, Cherchi S, Galati F, Bella A, Interisano M, et al. Proficiency testing to detect Trichinella larvae in meat in the European 
Union. Vet Parasitol. 2016;231:145–9. https://doi.org/10.1016/j.vetpar.2016.04.009 PMID: 27106772

	78.	 Vasilev S, Ilic N, Sofronic-Milosavljevic L. First Serbian external quality assessment to detect Trichinella larvae in meat by the Magnetic Stirrer 
Method. Vet Glas. 2019;73(2):168–77. https://doi.org/10.2298/vetgl181220006v

	79.	 Vasilev S, Mitić I, Ilić N, Sofronić-Milosavljević L. Serbian external quality assessment for Trichinella detection in meat in 2021 compared to 2017. 
Meat Technol. 2021;62(2):140–7. https://doi.org/10.18485/meattech.2021.62.2.7

	80.	 Vasilev S, Ciupescu LM, Lalkovski N, Balic D, Vasilev D, Marucci G. Trichinella proficiency testing in Southeastern European countries. Vet Parasi-
tol. 2023;320:109982. https://doi.org/10.1016/j.vetpar.2023.109982 PMID: 37421926

	81.	 Stachyra A, Bień-Kalinowska J. Assessing diagnostic, vaccine and therapeutic potential of selected Trichinella proteins. Food Waterborne Parasitol. 
2025;40:e00283. https://doi.org/10.1016/j.fawpar.2025.e00283 PMID: 40988998

	82.	 Tang B, Li J, Li T, Xie Y, Guan W, Zhao Y, et al. Vaccines as a strategy to control trichinellosis. Front Microbiol. 2022;13:857786. https://doi.
org/10.3389/fmicb.2022.857786 PMID: 35401479

https://doi.org/10.1093/cid/civ199
https://doi.org/10.1093/cid/civ199
http://www.ncbi.nlm.nih.gov/pubmed/25770171
https://doi.org/10.1586/14787210.2.4.649
http://www.ncbi.nlm.nih.gov/pubmed/15482227
https://doi.org/10.2807/1560-7917.ES.2020.25.24.1900527
http://www.ncbi.nlm.nih.gov/pubmed/32583764
https://doi.org/10.1016/j.vetpar.2015.02.017
http://www.ncbi.nlm.nih.gov/pubmed/25754352
https://doi.org/10.1093/jtm/taw037
http://www.ncbi.nlm.nih.gov/pubmed/27296583
https://doi.org/10.1089/fpd.2010.0546
http://www.ncbi.nlm.nih.gov/pubmed/20491611
https://doi.org/10.1016/j.vetpar.2008.10.034
http://www.ncbi.nlm.nih.gov/pubmed/19059726
https://doi.org/10.1016/j.medmal.2019.10.008
http://www.ncbi.nlm.nih.gov/pubmed/31732242
https://doi.org/10.1016/j.fawpar.2022.e00178
http://www.ncbi.nlm.nih.gov/pubmed/36072477
https://doi.org/10.1016/j.fawpar.2022.e00172
https://doi.org/10.1016/j.fawpar.2022.e00172
http://www.ncbi.nlm.nih.gov/pubmed/35942058
https://doi.org/10.1016/j.fawpar.2019.e00041
http://www.ncbi.nlm.nih.gov/pubmed/32095607
https://doi.org/10.1016/j.vetpar.2016.04.009
http://www.ncbi.nlm.nih.gov/pubmed/27106772
https://doi.org/10.2298/vetgl181220006v
https://doi.org/10.18485/meattech.2021.62.2.7
https://doi.org/10.1016/j.vetpar.2023.109982
http://www.ncbi.nlm.nih.gov/pubmed/37421926
https://doi.org/10.1016/j.fawpar.2025.e00283
http://www.ncbi.nlm.nih.gov/pubmed/40988998
https://doi.org/10.3389/fmicb.2022.857786
https://doi.org/10.3389/fmicb.2022.857786
http://www.ncbi.nlm.nih.gov/pubmed/35401479

