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The viability of Trichinella spiralis larvae in frozen pork and wild boar meat revealed by
the experimental infection of laboratory mice
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The aim of the research was to verify the viability of Trichinella spiralis larvae in pig and wild boar
meat frozen at -18 °C from 268 days to 1021 days.

There were three groups of laboratory inbred Balb/C mice and Bagg/ Albino/ strain C, each group re-
ceived one sample consisting of 20 g meat infected with T. spiralis larvae, according to the protocol,
and an uninfected control group. The experiments were ended after 80 days, by euthanizing the mice
and taking samples of muscle tissue, which were processed for histopathology. The results revealed
the presence of Trichinella cysts in all experimental groups, confirming the extraordinary durability
and viability of Trichinella larvae in meat frozen at -18 °C for many months. It was confirmed that the
larvae detected in muscle tissues of mice were Trichinella spiralis.
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Introduction

Trichinella spp. are some of the most widespread parasites infect-
ing people and other mammals all over the world, regardless of
climate (Dupouy-Camet, 2000). The etiological agents of human
trichinellosis show virtually worldwide distribution in domestic and/
or sylvatic animals, with the exception of Antarctica, where there
is neither a record of this nematode nor evidence of any epide-
miological study. This global distribution of Trichinella spp. is in
conjunction with varying cultural eating habits, represent the main
factor favouring human infections (Pozio & Zarlenga, 2005). The
global prevalence of the human trichinellosis is difficult to evaluate
but as many as 11 million people may be infected (Dupouy-Camet,
2000; Kapel, 2005).

The Trichinella genus includes 8 species (T. spiralis, T. nativa, T.
britovi, T. nelsoni, T. murrelli, T. pseudospiralis, T. papuae, T. zim-
babwensis) and many genotypes (Trichinella T5, T6, T8, T9, T12)
not yet accredited to any species. The parasite’s ability to infect
people worldwide is well documented (Murrell et al., 2000; Pozio
& Zarlenga, 2005; Krivokapich et al., 2008; Pozio et al., 2009).
Two main clades are recognized in the genus Trichinella; one that
encompasses species that encapsulate in host muscle tissue, and

a second that does not encapsulate following muscle cell dediffer-
entiation (Pozio & Zarlenga, 2005).

Trichinella spiralis (Owen, 1835) is the only species usually found
in porcine, and some wild animals (e.g, boar, bear, carnivores,
rodents). T. spiralis can be transmitted and maintained in both a
domestic and sylvatic cycle whereby rats, among others contribute
to the spread of T spiralis from domestic to sylvatic animals and
vice versa (Pozio, 2007; Farina et al., 2012). The only means of
transmission is through the ingestion of infected, striated muscle
tissue. The natural reservoirs of Trichinella species are wild carniv-
orous and omnivorous animals (Pozio, 2005).

The distribution area of T. spiralis has been strongly influenced
by the passive introduction of this pathogen by domestic pigs and
synanthropic rats. The broad host spectrum. Trichinella should be
considered when implementing measures for avoiding the trans-
mission from animals to humans (Pozio, 2001). Homo sapiens is
the only species (of Primates) that has been found to be natural-
ly-infected with all species of Trichinella, except T. zimbabwensis
(Pozio, 2001).

When humans fail to manage properly food animals or to control
the interface between wild and domestic animals, transmission of
some species (i.e. T. spiralis, T. britovi and T. pseudospiralis) can
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occur between these hosts. This transmission route inevitably in-
volves pigs (Pozio & Murrell, 2006).

The emergence of trichinellosis in some countries is explained by
a better knowledge of the disease (formerly often misdiagnosed
as influenza), modifications of consumer habits, re-forestation
in Europe and increase of wild game, importation of meats from
countries where trichinellosis is endemic and failure of veterinary
control due to human error or to social upheavals. This disease
linked to meat-consumption, which is theoretically easy to prevent
by adequate cooking, freezing and veterinary controls, should de-
serve the attention of all persons involved in public health and it
could be eradicated at least from domestic pigs (Dupouy-Camet,
2000; Parali¢ova et al., 2013).

There is the possibility of farm animals to get infection from rats or
other infected material being hazardously mixed with hay or other
feed. If silage is stored for at least one month before use, however,
the risk from this forage appears to be minimized (Oivanen et al.,
2002).

Trichinellosis continues to represent a major concern in Romania
where the following species have been identified: T. spiralis in the
synanthropic and sylvatic environment and T. britovi, T. pseudospi-
ralis in the sylvatic one (Blaga et al., 2009). During the years 2007
— 2009, Romania has reported to the WHO’s Regional Office for
Europe the highest incidence of trichinellosis in humans. During
this period, the yearly average incidence of human trichinellosis
was 2.7 cases per 100 000 inhabitants (Neghina et al., 2012).
Until now, in Romania, in the external environment, Trichinella cysts
of cadavers may survive putrefaction and desiccation for up to four
months (Cironeanu & Ispas, 2002) as well as climate factors such
as temperature, humidity, thermal fluctuations, freeze-thaw (lacob,
2008). The cysts are resistant to traditional preservation methods
such as brining, smoking and drying of pork or game meat, respec-
tively (Cironeanu & Ispas, 2002). In Romania people usually pre-
serve meat by freezing in fridges with temperature ranging between
-15and -18 °C.

In the current European context, EC Regulation no. 2075/2005 of
5 December 2005, which mentions the specific rules for official
controls of Trichinella in meat, states that "the pieces of meat with
a diameter or thickness not exceeding 15 cm must be frozen in
accordance to one of the following combinations of time and tem-
perature: 20 days at -15 °C, or 106 hours at -18 °C, ensuring that
the T. spiralis larvae are destroyed and the meat can be fit for
human consumption (EC Regulation no. 2075/2005).

The purpose of this study was to check the resistance of Trichinel-
la larvae in pork and wild boar meat, frozen at -18 °C for long pe-
riods of time and to test the viability of the larvae by experimental
infection of the laboratory mice.

Material and Methods

Experimental animals

Twelve laboratory mice Biobase, of line BALB/ C BAGG/ Albino/ C
strain, aged 30 days and average weight 25 g were used. There were
three experimental and one control groups, each of them consisting
of three mice. Maintenance and dietary requirements of the animals
were constant throughout the experiment, ensuring biological comfort,
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according to the European standards in EC Directive no. 63/2010.

Meat samples

Infected meat samples originated from Veterinary and Food Safety
Laboratory (VFSL) Vaslui, Romania, kept for a long period of time
as control samples known their detailed data (place of origin, sam-
pling, examination and submission date for storage in a freezer
(-18 °C).

Sample 1 consisted of pork ribs and smoked sausage from a
private household in Falciu - Vaslui, preserved for 1021 days by
freezing from January 29, 2009 to November 16, 2011.

Sample 2 consisted of pork ribs and intercostal muscles from a
private household in Vaslui city, preserved for 328 days by freezing
from December 23, 2010 to November 16, 2011.

Sample 3 consisted of wild boar intercostal muscles, hunted in the
Hunting Field of Husi Forestry-Vaslui, preserved by freezing from
February 21, 2011 to November 16, 2011, with a total period of
freezing of 268 days.

Twenty-eight fragments were taken for each sample and placed
on the compressor blade, clarified with 1% acetic acid solution and
examined under a screen trichinelloscope. In sample 1 there were
4 infected fragments with one cyst, in each of them. There were
7 infected fragments with 1 — 3 cysts in each of them in sample
2, and 10 infected fragments were found in sample 3 with 1 to 4
cysts per fragment.

From each of those three samples (two from pork meat and one
from wild boar meat) infected with Trichinella spiralis, were har-
vested 50 g and sent to the authorized Veterinary and Food Safe-
ty Laboratory (VFSL) lasi-Romania, Department of Parasitology,
where Trichinella larvae were extracted by artificial digestion meth-
od (Gamble et al., 2000). The larvae were shipped to the Europe-
an Reference Laboratory of the Higher Institute of Health, Rome,
Italy for the genetic identification of the Trichinella species with
multiplex polymerase chain reaction (PCR) method (Pozio and La
Rosa, 2003) where it was confirmed that the larvae found in pigs
and wild boar belong to the Trichinella spiralis species.

Experimental Protocol

The mice of group I, Il and Il were fed with 20 g muscle frag-
ments or mincemeat of sample 1, 2 and 3, respectively. After three
days the remain food were collected from each mice group and
weighed. In mice group |, Il and Ill only 0.86 g, 5.04 g and 0.20
g food remained, respectively. Subsequently, the mice were fed
daily with the like the animals of the control group.

Mice were observed daily. All the mice were euthanized with chlo-
roform on the 80™ day of the experiment in accordance with the
existing EU legislation (EC Directive no. 63/2010).

Tissues samples were collected from abdominal, intercostal, dia-
phragm and dorsal muscles of each mouse and deposited in 10%
formaldehyde containers and were specifically processed for in-
clusion in paraffin. Fragments were sectioned at 5um, stained by
Masson Trichrome methods (Hematoxylin Eosin Blue) and May
Griinwald Giemsa. Examination and microphotography were per-
formed by using a Leica DM 750 optical microscope, a Leica ICC
550 Camera and a Leica Application Suite (LAS), version 4.2 (Oct.
2012), for image retrieval.
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Fig. 1. Diaphragm striated muscle tissue at 80 days p.i. from a mouse fed with pork meat containing Trichinella cysts. The meat had been frozen for 1021 days
(Spindle shaped cystic structure, thick and calcified wall with larvae fragments can be seen (stained with Hematoxylin Eosin Blue, 200x)

Results

The presence of cystic formations in variable number, depending
on the lot was seen in muscular tissues of the experimental groups
(Table 1).

Trichinella cysts were found in the abdominal and diaphragmat-
ic muscles of all three mice from each group. In the intercostal
muscle samples, Trichinella cysts were found in different amount
between each group, while in the dorsal muscle samples were not
found any Trichinella cysts from each group. No cystic formations
were observed in the muscular tissue fragments of the control
mice.

Mice in group one (I) had spindle shaped, 1003.9 x 324.4 um
sized cystic formations in their muscle tissues (Fig. 1). The wall
was very thick (62.69 ym) and calcified, there were larval frag-
ments and amorphous debris inside of the cyst. A pronounced
tendency to calcification from the poles of the cyst was noted. The
cystic formations were disseminated throughout the diaphragm
and abdominal muscle fragments.
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Histological examination of the samples collected from mice of
group two (1) showed cystic formations having 950.6 x 356.1 um
in size, which were well delimitated and disseminated in the mus-
cle tissue, with or without fat cells to one of their poles (Fig. 2).
The wall was thick, calcified, and its content was composed of
amorphous debris. This kind of cystic formations was found in the
abdominal and diaphragm muscle fragments.

Histological examination of the muscle samples taken from mice
of group Il revealed a higher number of variable-sized cystic for-
mations, similar to those identified in samples of groups | and II.
These cysts mainly disseminated in the abdominal muscles. The
oval cystic formations (736.7 x 401.8 ym) had a well-structured
wall, bounded by adjacent muscle tissue, containing marginal
amorphous debris and around a larva-like structure (Fig. 3).

In other cases, cystic formations were almost round shaped (797.9
x 680.8 um), well defined and in intimate contact with the adja-
cent muscle tissue. Inside the cyst, condensed marginal material
and central cell debris and inflammatory cell infiltration was found

(Fig. 4).

Table 1. Number of Trichinella cysts found in muscle samples collected from experimentally infected and control laboratory mice

Group' . Muscles of .

Abdominal Intercostal Diaphragm Dorsal
I 3 2 4 0 1 0 2 3 1 0 0 0
Il 6 4 5 1 0 1 4 1 2 0 0 0
1l 9 10 7 2 1 1 1 3 2 0 0 0
Control 0 0 0 0 0 0 0 0 0 0 0 0

"three mice /group

group I: mice fed with pork meat frozen for 1021 days at -18 °C;
group II: mice fed with pork meat frozen for 328 days at -18 °C;
group IlI: mice fed with wild boar meat frozen for 268 days at -18 °C
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In some cases, the cystic formations had a dilated oval shape with
broad poles, measuring 1164.9 x 657.5 ym, with thickened and
streamlined wall, and the content consisted of a dynamic and ex-
panding cell population that occupies half of the cyst and extends
like a “cleansing” action, to the other half, where cellular debris can
be found (Fig. 5).

In the examined muscle tissue fragments, the number of cyst
structures has varied from 0 in the dorsal muscles to 10 in the
abdominal muscles (Table 1; Fig. 6).

Fig. 2. Diaphragm striated muscle tissue at 80 days p.i. from a mouse fed with pork meat containing Trichinella cysts. The meat had been frozen for 328 days.
(Spindle shaped cystic structure, thick and calcified wall and pole and amorphous debris can be seen (stained with May Griinwald Giemsa, 100x).

Discussion

Experimental infection of laboratory mice with pork and wild boar
meat containing Trichinella cysts and frozen at -18 °C for a time
ranging from 268 days to 1021 days, caused Trichinella infections
in all groups of mice. Trichinella cysts were identified in their mus-
cles, at 80 days post infection. The results demonstrate the ex-
traordinary ability of Trichinella larvae to withstand normal freezing
(-18 °C) and retain viability for long periods.

Fig. 3. Abdominal striated muscle tissue at 80 days p.i. from a mouse fed with wild boar meat containing Trichinella cysts. The meat had been frozen for 268 days.
(Oval shaped cystic structure, well defined wall with marginal, wall adhesive amorphous content and central inflammatory infiltrate can be seen - stained with
Hematoxylin Eosin Blue, 100x).
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Fig. 4. Abdominal striated muscle tissue at 80 days p.i. from a mouse fed with wild boar meat containing Trichinella cysts. The meat had been frozen for 268 days.

(Round shaped cystic structure, mantained wall integrity, with marginal amorphous content and central cell debris can be seen
— stained with Hematoxylin Eosin Blue, 100x)

The appearance of the fat cells at the poles of the cystic forma-
tions replaces the damaged and destroyed muscular tissue. The
activation of the immune response was seen by the presence of
inflammatory cell populations, lymphocytes, and eosinophils. This
cell mixture infiltrated and focused on the cystic wall, forming in-
flammatory infiltrate which induced the local inflammatory process
as previously reported by Cironeanu and Ispas (2002).

The resistance of Trichinella larvae encapsulated in the striated
muscle at temperature has been documented by others. For ex-
ample, negative temperatures have been used to differentiate be-
tween T. spiralis and T. nativa species. Smith (1983) showed that
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Fig. 5. Abdominal striated muscle tissue
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T. spiralis in musculature do not survive 48 hours post refrigeration
at -32 °C, while T nativa will survive 72 hours and longer at the
same temperature.

Also, Ooi et al. (1986) showed that T spiralis larvae originated
from the polar bear survived for a month at -20 °C, probably
because it belonged to T nativa. The larvae of T. spiralis in the
muscle of spontaneously infected polar bear, wolverine, arctic fox
and marten have been reported to be viable even after storage at
-15 °C for more than five months. That T. spiralis in polar bear is
still alive even after freezing at -20 °C implies the disposition of
infected carcasses that must be handled with care.

R TR T,
L

at 80 days p.i. from a mouse fed with wild boar meat containing Trichinella cysts. The meat had been frozen for 268 days.

(Oval shaped cystic structure, well defined, thickened wall, with debris and active inflammatory cell population inside can be seen
- stained with May Grinwald Giemsa, 200x)
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Fig. 6. Abdominal striated muscle tissue at 80 days p.i. from a mouse fed with wild boar meat containing Trichinella cysts. The meat had been frozen for 268 days.
Many cystic structures can be seen (stained with Hematoxylin Eosin Blue, 46x)

The results reported here highlight the risk of human infection by
eating meat that has been frozen even for a long period of time
at -18 °C, due to incomplete thermal killing of the parasite. The
findings of this study strongly support changing the recommended
combination of time and temperature used in freezing pork and
wild boar meat infected with T. spiralis as specified in EU Regula-
tions and a reassessment of the risk for consumers.

In the long term, the risk of infection is best removed by uncondi-
tionally eliminating the Trichinella infected meat from human con-
sumption.

It should be emphasized that infected samples used in this study
came from an area where T. spiralis is found not only in household
pigs, but also in the wild boar from the sylvatic environment. The
different sources of infection for humans and other susceptible an-
imals, spread over a broad geographical area must be taken into
consideration when considering new health guidance protocols.
The findings have important implications for the storage of pork
and wild boar meat. Consumers should be made aware of the
need to cook meat thoroughly even if the meat has been frozen for
a long period. Freezing alone does not render the meat safe to eat.
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