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SUMMARY 

 
Trichinellosis is a foodborne parasitic zoonotic disease caused by nematode worms of 
the genus Trichinella. All the species of the genus are known to infect mammals, 
mostly carnivores which are the main hosts of the parasite, rodents and omnivores 
including pigs, and occasionally herbivores such as horses. Transmission between 
animals occurs by ingestion of muscle tissue infected with the larval stage of the 
parasite, mostly by predators eating infected preys or scavenging carcasses, and by 
cannibalistic behaviour. In humans, the disease caused by the consumption of meat 
infected with trichinellae can be serious and life-threatening. Historically, most cases 
of human trichinellosis have occurred, and still occur, following consumption of pork 
world wide. However in the last fifty years it has become clear that also meat from 
other species – wild boar, bears, foxes, walrus, cougar, dog and horse - can be a 
vehicle of trichinellae. Trichinellae have been also exceptionally detected in cattle 
but their role in inducing disease in humans needs clarification. 

Freezing under officially controlled time and temperature conditions is accepted as an 
alternative method to microscopic inspection of porcine meat for trichinellae within 
the scope of the European Meat Hygiene legislation, as the cold treatment destroys 
the infectivity of Trichinella spiralis, the agent of domestic trichinellosis. However, 
the suitability of freezing is questioned in view of the occurrence of cold resistance in 
other Trichinella species, also taking into account the accession of new Member 
States and the prevalence of cold resistant Trichinella species in pigs and wild boar in 
some of those areas. This occurrence may require, in principle, the setting of different 
time/temperature combinations for the inactivation of the parasites in carcasses and 
meat, as cold resistant trichinellae might survive beyond the temperature/time limits 
known to inactivate T. spiralis, which is the Trichinella species that has been 
extensively employed for inactivation studies in meat. 

Among cold resistant trichinellae, Trichinella nativa is a species highly adapted to 
transmission among sylvatic carnivores in the arctic and subarctic zones of the 
Holarctic region and is highly resistant to freezing in the muscle tissues of 
carnivorous hosts. This species is very rare in nature in domestic pigs and wild boars, 
it has low or no infectivity to both hosts and is also relatively non-persistent in their 
muscle tissues. T. nativa has never been reported in naturally infected cattle, and a 
single experimental trial in this species has shown low infectivity and moderate 
persistence of this trichinella in the host muscle tissue. Trichinella T6 is a genotype 
closely related to T. nativa, which may be found in sylvatic carnivores of the Nearctic 
regions. Infectivity and persistence of this trichinella, which has never been found in 
nature in domestic pigs nor in wild boar, are very similar to those of T. nativa; for 
cattle, no reports of natural infection nor experimental data concerning Trichinella T6 
are available. Preliminary experimental data suggest that the cold resistance of T. 
nativa and Trichinella T6 in pigs and wild boar is much lower than in wild 
carnivores, but its entity has not been fully assessed. No human trichinellosis cases 
by T. nativa and Trichinella T6 have ever been linked to the consumption of meat 
from pigs, wild boar or cattle. 
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Trichinella britovi can be found in temperate regions of Eurasia and has been 
occasionally transmitted to humans mostly through pork, wild boar and horse meat. 
T. britovi is moderately infective and persistent in the muscle tissues of domestic pigs 
and wild boar, while no precise information is available for cattle. Few experimental 
data have been published about the cold resistance of T. britovi in domestic pigs and 
wild boar. As for T. nativa and Trichinella T6, its cold resistance is lower in meat 
from those hosts than in meat from wild carnivores, but whether it could withstand 
freezing at the time/temperature combinations provided in the legislation for T. 
spiralis, is still pending. 

In addition to the three cited above (T. native, Trichinella T6 and T. brivoti), other 
Trichinella species (i.e. T. pseudospiralis and T. spiralis) may exhibit a certain 
degree of cold resistance, but have not been considered relevant to this opinion since 
their resistance to freezing occurs when in the muscle tissue of species other than 
pigs and wild boar. 

Overall, few experimental and epidemiological data are available at present both on 
the natural occurrence of cold resistant trichinellae and on the cold resistance of 
Trichinella species in mammals other than carnivores, specifically in domestic pigs, 
wild boar and cattle. As a conclusion, at present there is not enough scientific ground 
for suggesting time/temperature combinations for cold resistant trichinellae different 
from the ones provided in the EU legislation for T. spiralis when dealing with 
porcine and bovine carcasses and meat. Concerning the cold resistant Trichinella 
species/genotypes that have been identified, it is noted that present cold treatment and 
time/temperature combinations may not be effective in respect to the cold resistant 
strains should they be present in meat of pigs. There is a lack of scientific data on this 
issue. The only way for suggesting different parameters would be to experimentally 
assess the time/temperature combinations for the inactivation of each cold resistant 
Trichinella species or genotype in each relevant host species’ muscle tissue. 

Heat treatment is a suitable method for killing T. spiralis in meat from domestic pigs 
and is included as an approved procedure in the meat hygiene legislation of several 
countries other than EU. Different time/temperature combinations can be applied to 
pork to ensure the destruction of trichinellae, ranging from 49°C for 21 hours to 
62.2°C for less than 1 minute, after the indicated core temperature has been reached. 
It should be noted that available data concern the inactivation of the species T. 
spiralis in pork, as no experiments on the heat inactivation of the other Trichinella 
species in different hosts’ meat have been reported to date. 

Cysticercus cysts relevant to this opinion are the larval stages of the cestodes Taenia 
solium, Taenia saginata and Taenia saginata asiatica, which is a recognised sub-
species of T. saginata whose geographical distribution is primarily restricted to Asia 
but sporadically reported in the EU. These parasites exist in the adult form 
(tapeworm) as obligate intestinal parasites of man. The eggs are the only free-living 
stage and pass out of the body of an infected human host in the faeces. If an 
intermediate host (pigs, wild boar, cattle) ingests the eggs, these develop into a 
cysticercus. Humans can get infected too by ingesting these eggs and develop 
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cysticercosis, a condition that may become particularly severe when cysticerci invade 
the brain (neurocysticercosis). When a human host ingests a viable cysticercus in 
meat, the larva can develop into an adult tapeworm in the intestine, completing the 
life cycle. Intermediate hosts are domestic pigs and wild boar for T. solium, cattle for 
T. saginata, and domestic pigs, wild boar and cattle for T. saginata asiatica. 

Accurate and updated information on the prevalence of cysticercosis in domestic 
animals is not readily available; on the other side, information on the prevalence of 
taeniosis in humans is also difficult to obtain partly because taeniosis is not a 
notifiable infection. Detailed information is needed on the prevalence of T. saginata 
and T. solium in all EU Member States, as well as on the prevalence and intensity of 
T. solium in wild boar, since there is a serious paucity of information in this species. 

The susceptibility of T. solium and T. saginata cysticerci to freezing is established. 
There is no particular reason to believe that the susceptibility of T. solium cysts to 
freezing varies between wild boar and domestic pigs. Until such information 
becomes available, the only option would be to assume that freezing times for 
inactivating T. solium cysts in wild boar meat are similar to that of meat from 
domestic pigs. All the available information relating to freezing of cattle carcasses 
seems to be confined to T. saginata. There is no particular reason to believe that the 
conditions necessary to kill T. saginata asiatica cysts differ from those necessary to 
kill T. saginata cysts. Until such information becomes available, the only option 
would be to assume that the required freezing times are similar. 

It is concluded that the freezing of pig, wild boar or cattle carcasses at -10°C (or 
lower than -10°C) for 10 days or longer kills the cysticerci and provides a basis for 
the prevention and control of human taeniosis caused by T. solium, T. saginata and T. 
saginata asiatica. 
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BACKGROUND 
 
At present the Commission is revising the legislation concerning food hygiene in 
order to introduce modern control methods and clarify the responsibilities of the 
food establishment operator. 

One of the proposals is the “Regulation (EC) No 854/2004 of the European 
Parliament and of the Council of 29 April 2004 laying down specific rules for the 
organisation of official controls on products of animal origin intended for human 
consumption”, which will be applicable with the effect from 1 January 2006. In 
anticipation of its application, implementing measures laying down specific rules for 
the official controls for Trichinella and Cysticercus in meat are in preparation. 

In the existing legislation (64/433/EEC2) meat has to be examined for the presence 
of Trichinella using specific detection methods (77/96/EEC3 and its amendments). 
As an alternative meat can be frozen (77/96/EEC, annex IV).  

Similarly, meat needs to be examined for the presence of cysticercus cysts 
(64/433/EEC). The Scientific Committee on Veterinary Measures relating to Public 
Health of the European Commission adopted an opinion on the control of 
taeniosis/cysticercosis in man and animals on 27-28 September 20004. This opinion 
provided temperatures and freezing times for killing cysticercus cysts in bovine 
meat, but none for pig meat. 

TERMS OF REFERENCE 
 
The European Food Safety Authority is asked to: 

-assess the suitability of cold treatment to kill Trichinella parasites or cysticercus 
cysts in meat of cattle, pigs and wild boar. The recent discovery of cold resistant 
Trichinella strains should be taken into consideration. In doing so, the 
temperature/time combination(s) sufficient to kill the parasites in bovine and porcine 
carcasses and meat should be provided. 

                                                 
2  E.C.O.J. n° P121 of 29.07.1964, p. 2012 

3  E.C.O.J. n° L026 of 31.01.1977, p. 0067 

4  Opinion of the Scientific Committee on Veterinary Measures relating to Public Health on the control of 
taeniosis/cysticercosis in man and animals of 27-28 September 2000, available at: 
http://europa.eu.int/comm/food/fs/sc/scv/outcome_en.html 
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-assess the suitability of heat treatment to kill Trichinella parasites in meat 
originating and imported from third countries. In doing so, the time/temperature 
combination(s) sufficient to kill the parasites should be provided. 

ASSESSMENT 
 

For the purpose of this opinion, when referring to trichinellae the terms “freeze 
resistant” and “cold resistant”, as well as “freeze tolerance” and “cold resistance” are 
used as synonymous.  

 
1. INTRODUCTION  

 

Trichinellosis is a foodborne parasitic zoonotic disease caused by nematode worms 
of the genus Trichinella. All the species of the genus are known to infect mammals, 
mostly carnivores which are the main hosts of the parasite, rodents and omnivores 
including pigs, and occasionally herbivores such as horses. Three Trichinella species 
can also infect animals other than mammals, i.e. birds (T. pseudospiralis) and 
reptiles (T. papuae and T. zimbabwensis).  

Transmission between animals occurs as a result of the ingestion of muscle tissue 
infected with the larval stage of the parasite, mostly by predators hunting animals 
eating infected preys, scavenging carcasses and by cannibalistic behaviour. 
Trichinella larvae can be found in striated muscle cells either encapsulated, i.e. 
encysted in a protective collagen capsule, or non-encapsulated, i.e. not surrounded 
by collagen and free in the muscle tissue. The presence of such a capsule can affect 
the resistance of the parasite to unfavourable conditions, such as freezing 
temperatures. 

Most trichinellae have been confirmed to infect also humans: T. spiralis, T. nativa, 
T. britovi, T. pseudospiralis, T. nelsoni, T. murrelli, T. papuae and Trichinella T6 
[this last entity is not a species but only a genotype of T. nativa] (Nelson, 1970; 
Pozio et al., 1992b, 2004b; Murrell and Pozio, 2000; Pozio, 2001; Bruschi and 
Murrell, 2002). In general, the infection is clinically inapparent in animals, but in 
humans the disease induced by the consumption of meat infected with trichinellae 
can be serious and life-threatening. 

In eight Member States of the EU, no Trichinella case was detected in animals in 
2002; as to domestic animals, the infection was found only in domestic pigs in Spain 
(n=30), Finland (n=2) and the Netherlands (n=1). In wildlife, wild boars were found 
infected in Spain, Finland and Germany (data supplied from the Federal Statistical 
Office of Germany), and a few animals tested positive in a serological survey in 

http://www.efsa.eu.int 
   

7 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Netherlands. Other wildlife animals were also found positive in eight countries: 
Finland, Sweden, Norway, the Netherlands, Germany, Italy, Spain and Ireland. 
Trichinellosis was very rare in humans in 2002 in the EU, as only 48 cases were 
registered in 6 Member States (Spain, Germany, France, the Netherlands, Italy and 
Austria) (European Commission, 2002). 

As to the protection of human health, it has been generally accepted that cold 
treatment, intended as freezing of meat has provided the necessary safeguard against 
meat borne infections with Trichinella species. Freezing under officially controlled 
time and temperature conditions is accepted as an alternative method to microscopic 
inspection of porcine meat within the scope of the European Meat Hygiene 
legislation.  

It is now necessary to re-evaluate the suitability of freezing in view of the 
occurrence of cold resistance in certain Trichinella species also taking into account 
the accession of new Member States and prevalence of cold resistant Trichinella 
species in some of those areas. 

Cold resistance in some Trichinellae has been recognized since 1934, and has been 
evaluated almost exclusively in carcasses and meat of naturally infected carnivores. 
The natural occurrence of cold resistant Trichinellae in pigs and wild boar may 
require, in principle, the setting of different time/temperature combinations for the 
inactivation of the parasites in carcasses and meat. Presently, there are relatively few 
data available on cold resistance of Trichinella species in domestic pigs, wild boars 
and species other than carnivores. It became apparent that a re-evaluation of the 
effectiveness of freezing must also address the relevant Trichinella species and their 
cold resistance (including variability) in relation to present regulations regarding on 
time/temperature combinations. It must also include the assessment of the cold 
resistant Trichinella species’ host range and the susceptibility of hosts. This is 
particularly based on the finding of differences in susceptibility of wild and 
domestic pigs to these latter species. 

The suitability of freezing of meat in porcine cysticercosis is addressed here in order 
to update the opinion of the Scientific Committee on Veterinary Measures relating to 
Public Health (SCVPH) of the European Commission on the control of 
taeniosis/cysticercosis in man and animals of 27-28 September 2000. This opinion 
provided detailed data (temperatures and freezing times) for killing Taenia saginata 
cysticerci (Cysticercus bovis) in meat. For Taenia solium cysticerci (Cysticercus 
cellulosae) in porcine meat, however, the opinion just relates to the data as given for 
bovine cysticercosis. It is not clear on what scientific data this was based or whether 
this was only an assumption. Thus, it appears to be appropriate to consider Taenia 
solium cysticerci in the present re-evaluation of the parasite reduction effect of cold 
treatment of meat. 
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With regard to meat imported from Third Countries and possible limitations of the 
cold treatments officially approved, a further aim of this opinion is to assess the 
suitability of heat treatment as an alternative method. In this context the terms of 
reference address Trichinella only. 

 
2. TRICHINELLA PARASITES IN MEAT OF CATTLE, PIGS AND WILD BOAR  

 
According to the current taxonomy of the nematodes of the Trichinella genus (Pozio 
et al., 1992b, 1999b, 2002; Murrell et al., 2000; Pozio and la Rosa, 2000), eight 
species and three additional genotypes of uncertain taxonomic level are recognized. 
These are listed in Table 1. 

Table 1 – Trichinella species and genotypes: main natural hosts and distribution 
areas 

Trichinella species or 
genotypes 

Main natural hosts Distribution areas 

T. spiralis (T1) swine, carnivores, rats Temperate zone, world 
wide 

T. nativa (T2) carnivores Arctic and subarctic 
zones of the Holarctic 
region 

T. britovi (T3) carnivores, occasionally 
domestic pigs and wild 
boars 

Temperate zone of the 
Palaearctic region 

T. pseudospiralis (T4) carnivores and omnivores, 
rats, marsupials, wild birds 

World wide 

T. murrelli (T5) carnivores Temperate zone of the 
Nearctic region 

T. nelsoni (T7) carnivores Subsaharan Africa 

T. papuae (T10) domestic and wild pigs, 
reptiles 

Papua New Guinea 

T. zimbabwensis 
(T11) 

reptiles, mammals (only as 
experimental infection) 

Zimbabwe 

http://www.efsa.eu.int 
   

9 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Table 1 – (continued) 

Trichinella species or 
genotypes 

Main natural hosts Distribution areas 

Trichinella T6 
(genotype related 
to T. nativa) 

carnivores Southern Canada and 
northern US 

Trichinella T8 
(genotype related 
to T. britovi) 

carnivores South Africa and 
Namibia 

Trichinella T9 
(genotype related 
to T. britovi) 

carnivores Japan 

 

2.1 Cold resistance of Trichinella spp. muscle larvae 
 

Freezing is a physical way of treating meat which is used for killing 
Trichinella spiralis larvae encysted in the muscle tissue. Freezing with 
different combinations of times and temperatures has been found effective 
for the inactivation of T. spiralis in infected meat, and consequently is 
included in the meat hygiene legislation of many countries. In the EU 
legislation, these combinations are listed in the Directive 77/96/EEC, Annex 
IV. Recent recommendations from the International Commission on 
Trichinellosis include freezing of meat at –15°C for not less than 3 weeks for 
cuts of meat up to 15 cm in thickness and for not less than 4 weeks for cuts 
of meat up to 69 cm in thickness (Gamble et al., 2000). An overview of 
different time/temperature combinations for inactivating Trichinella spiralis 
in pig meat is presented in Table 1 in the appendix. 

From the point of view of meat hygiene, freezing resistance (syn. “cold 
resistance”, “freeze tolerance”) of trichinellae refers to their ability to survive 
beyond the temperature/time limits generally considered to inactivate T. 
spiralis. Some isolates of trichinellae from arctic, subarctic and temperate 
regions show in fact a marked freezing resistance when in natural host 
muscles of carnivores, a distinctive feature that has been reported by several 
authors through the years (Clark et al., 1972; Dick and Belosevic, 1978; 
Chadee and Dick, 1982a, 1982b; Pozio et al., 1989). In addition to 
investigations on the freeze tolerance of trichinellae in carnivore muscles, 
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cold resistance has also been assessed experimentally in infected mouse 
tissues stored at –30°C. As a result, different degrees of cold resistance have 
been documented for Trichinella nativa, Trichinella T6, and Trichinella 
britovi (Pozio et al., 1992c), which can be properly referred to as the cold 
resistant trichinellae. In addition, recent observations show that two other 
species, T. pseudospiralis and T. spiralis, also may resist freezing under 
certain circumstances (Theodoropoulos et al., 2000; Malakauskas and Kapel, 
2003). A summary of the biological and epidemiological characteristics of 
each of these species is presented here. 

 

2.1.1 Cold resistant species of Trichinella 

Trichinella nativa 

T. nativa (Britov and Boev, 1972) is a species highly adapted to transmission 
among sylvatic carnivores in the arctic and subarctic zones of the Holarctic 
region, the isotherm of -5°C in January being the southern border for its 
distribution in the Palearctic region (Shaikenov, 1992) and probably in the 
Nearctic region too (Kapel et al., 1998; Pozio and La Rosa, 2000; Murrell et 
al., 2000). T. nativa was discovered in 1934 (Rausch, 1970) and to date has 
been found in Canada, Alaska, Greenland, Norway including the Svalbard 
Islands, Finland, Sweden, Estonia, Kazakhstan, Kirghizian, Tadzikistan, 
Uzbekistan, Russia, Japan and China (Shaikenov and Boev, 1983; Dick and 
Pozio, 2001). 

Common hosts are listed in Table 3 [see appendix] (modified from Dick and 
Pozio, 2001). The polar bear (Ursus maritimus) is the main reservoir of T. 
nativa in the arctic, and other carnivores (wolves, foxes, raccoon dogs, 
mustelids, walruses, seals) concur in mantaining the cycle of the parasite. 

T. nativa is very rare in domestic and sylvatic swine; its natural occurrence 
has been reported only in a domestic pig from northern China (Gasser et al., 
1998), in two wild boars in Estonia (Pozio and Kapel, 1999) and in two out 
of 133 wild boars examined in the Primorsk Region of Russia (Britov, 1995). 
Even in areas with a high prevalence of trichinellosis by T. nativa in wildlife, 
such as in some regions of Finland, the chance of transmission of T. nativa to 
the domestic habitat appears to be quite low (Oivanen et al., 2002). Also the 
chance of detecting a wild boar naturally infected with T. nativa is very low. 
In experimental inoculation trials, T. nativa has shown low or no infectivity 
to laboratory rats, mice, domestic pigs and wild boars (Smith, 1985; Pozio et 
al., 1992b; Kapel et al., 1998; Kapel and Gamble, 2000; Kapel, 2001). T. 
nativa seems to have a somewhat higher infectivity in wild boars than in 
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domestic pigs (Kapel, 2001). Also in the muscle tissues of naturally infected 
wild boars, a high infection rate with T. nativa has been found (Pozio and 
Kapel, 1999), and this aspect needs to be further investigated. A factor 
favoring the establishment of T. nativa in sylvatic wild boars could be a 
general immunodepression due to environmental stress (e.g. malnourishing) 
(Kapel, 2001). The role of different breeds of wild boar in the susceptibility 
to T. nativa is not known. According to other sets of experimental data, T. 
nativa is relatively non-persistent in the muscle tissue of both domestic pigs 
(Kapel and Gamble, 2000) and wild boars (Kapel, 2001). 

T. nativa would pose little risk for human exposure due to consumption of 
domestic pig and wild boar meat due to its low infectivity and lack of 
persistence in domestic pigs and wild boars. Thus, the role played by these 
hosts as T. nativa carriers to humans can be considered almost negligible, but 
such an occurrence – however remote - should be taken into account in 
animals reared or hunted in frigid areas where T. nativa is present in wildlife. 

T. nativa has never been reported in nature in cattle. In a single experimental 
inoculation trial, T. nativa has shown low infectivity and moderate 
persistence in the host muscle tissue of cattle (Smith et al., 1990). 

Trichinella T6 

Trichinella T6 (Pozio et al., 1992c) is a genotype that may be found in 
subarctic-temperate Nearctic wildlife and that is closely related to T. nativa 
as shown in breeding experiments (Britov, 1995). It is highly resistant to 
freezing – up to 5 years - in muscles of carnivores, and it has been detected 
only in sylvatic carnivores, mainly bears, in North America in the US States 
of Alaska, Wyoming, Idaho, Montana, Pennsylvania and in Ontario, Canada 
(Dick and Pozio, 2001). 

The common hosts of this parasite are listed in Table 4 [see appendix]. There 
are no published reports of the natural occurrence of Trichinella T6 in 
domestic pigs and wild boar. As to experimental data, Trichinella T6 show 
low infectivity and poor persistency in both domestic pigs and wild boars 
(Kapel and Gamble, 2000; Kapel, 2001), with patterns very close to the ones 
observed for T. nativa. As a consequence, also Trichinella T6 would pose 
little risk for human exposure due to consumption of domestic pig and wild 
boar, as already mentioned for T. nativa in the Holarctic region. No data are 
available concerning the infectivity and persistence of Trichinella T6 in 
cattle. 
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Trichinella britovi 

T. britovi (Pozio et al., 1992b) is the species causing trichinellosis in sylvatic 
animals in temperate areas of Eurasia. Its northern limit of distribution in the 
Palaearctic region is the isotherm –6°C in January, while its southern limit is 
considered the north of the Sahara and the Arabian peninsula (Dick and 
Pozio, 2001), and the western and eastern limits are the Iberian peninsula and 
Japan (Pozio et al., 1996b). 

The common hosts of T. britovi are listed in Table 5 [see appendix]. In 
central and southern Europe, red foxes living beyond 400-500 m above sea 
level are the most common hosts. T. britovi is also relatively common in a 
wide range of sylvatic carnivores (canids: raccoon dog, wolf, fox, jackal; 
felids: lynx, wild cat; mustelids: beech marten, badger; rodents: brown rat; 
and ursids: brown bear). 

T. britovi has been occasionally recovered from humans, horses, wild boars 
and domestic pigs; in these two latter species, the prevalence of infection is 
low and the immune status of the host plays an important role in controlling 
the severity of infection (Kapel et al., 1998). In Italy, where only the sylvatic 
cycle of trichinellosis occurs, the prevalence of infection in wild boars and 
domestic pigs grazing in remote wild areas is 0.003% and 0.001%, 
respectively (Pozio, 1998).  

Few cases of infection by T. britovi have been reported in domestic pigs in 
Spain, Byelorussia, Croatia, France, Italy and Macedonia (Pozio, 2000), in 
Estonia (Järvis et al., 2002; Miller and Järvis, 2003) and in Poland (Cabaj et 
al., 2004); however, T. britovi is not able to maintain a domestic cycle in 
pigs since it is only moderately infective to this species (Kapel and Gamble, 
2000; Dick and Pozio, 2001). T. britovi is moderately persistent in the 
muscle tissue of domestic pigs, where it has been detected for an extended 
period of time, until 40 weeks after experimental infection (Kapel and 
Gamble, 2000). 

Wild boars naturally infected with T. britovi have been found in Poland 
(Cabaj et al., 2004), Estonia, France, Italy, the Netherlands and Spain (Pozio, 
2000); as to its role in the sylvatic cycle of trichinellosis, also the wild boar 
should be considered an accidental host for T. britovi rather than a reservoir, 
since it is only moderately susceptible to the infection by this Trichinella 
species (Pozio et al., 1996a; Kapel, 2001). The persistence of T. britovi in 
wild boars after experimental infection is also moderate (at least until 10 
weeks after infection), as in domestic pigs (Kapel, 2001). There are no data 
in the scientific literature concerning the infectivity and persistence of T. 
britovi in cattle. 
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Trichinella T8 and Trichinella T9 

Trichinella T8 and Trichinella T9 are genotypes most closely related to T. 
britovi (Wu et al., 1999) and capable of interbreeding with T. britovi under 
laboratory conditions (La Rosa and Pozio, 2000; Murrell et al., 2000). Both 
genotypes are mentioned here due to their close relationship with T. britovi. 
Trichinella T8 has been detected only in a spotted hyena and in lions in 
South Africa and Namibia (Dick and Pozio, 2001), while Trichinella T9 has 
been recovered only from a black bear and a raccoon dog in Japan (Nagano 
et al., 1999). No experimental trials have been ever carried out for assessing 
the infectivity and persistence of both genotypes in domestic pigs, wild boar 
and cattle. 

Trichinella spiralis 

Trichinella spiralis, the agent of domestic trichinellosis, is a world wide 
parasite prevalent in domestic swine, rats and other synanthropic animals 
(mustelids, foxes) living close to swine herds. It is also considered a parasite 
of sylvatic carnivores and omnivores as well, since it can been transmitted 
from domestic animals to wild animals (Dick and Pozio, 2001) and can be 
mantained in nature in wild hosts of temperate regions without any link with 
the human environment (Murrell and Pozio, 2000). Through the years, this 
Trichinella species has been the major target of surveys and intervention 
programmes, and considerable efforts and research have been directed to its 
detection and control in meat and meat products. The infectivity and 
persistence of T. spiralis in domestic pigs and in wild boars, as 
experimentally assessed also recently by Kapel and Gamble (2000) and by 
Kapel (2001) are high for both species. 

Trichinella larvae have been also detected in cattle in China (Gong, cited by 
Murrell, 1994; Wang et al., 1998) but such occurrences have been isolated 
findings and could be related to a high prevalence of domestic or sylvatic 
trichinellosis in the area and to a high level of environmental contamination 
with Trichinella-infected meat scraps (Pozio, 2000). However, there is no 
conclusive information about the Trichinella species involved (possibly T. 
spiralis or T. britovi [Pozio, 2000]) and further investigations are needed in 
order to clarify if beef can be a source of trichinellosis for humans (Pozio, 
2001). There are no available data concerning the infectivity and persistence 
of T. spiralis in cattle. 

Trichinella pseudospiralis 

T. pseudospiralis is a species discovered in 1972 in the raccoon dog 
(Nyctereudes procyonoides) in the Caucasus (Garkavi, 1972) and 
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subsequently found world wide. It has been reported in a corsac fox (Vulpes 
corsac), a rook (Corvus frugilegus) and an eagle (Aquila rapax) from 
Kazakhstan (Shaikenov and Boev, 1983), in marsupials and birds from 
Tasmania (Obendorf et al., 1990), in a black vulture (Coragypus atratus) in 
the US (Lindsay et al., 1995), in synanthropic and domestic animals 
(including pigs) in Russia (Britov, 1997, cited by Pozio, 2000), in night birds 
of prey in Italy (Pozio et al., 1999a), in raccoon dogs and one brown rat in 
Finland (Oivanen et al., 2002) and in wild boar in France, Finland, Sweden 
and the Netherlands (Ranque et al., 2000; Oivanen et al., 2002; Sukura et al., 
2001; Christensson and Pozio, 2004; Pozio et al., 2004a; van der Giessen et 
al., 2004). It has been reported also in a wild boar in Texas (Gamble et al., 
2004). It is a non-encapsulated trichinella, since it lacks the collagen capsule 
when in the muscle tissue. In addition, it is the only Trichinella species that 
infects both mammals and birds, in particular raptors. 

T. pseudospiralis in domestic pigs has low infectivity and is relatively non-
persistent (Kapel and Gamble, 2000). As to wild boars, T. pseudospiralis has 
been found from poorly to moderately infective and persistent, according to 
the geographical origin of the Trichinella isolate (respectively, Australia vs 
USA and USSR) (Kapel, 2001). There are no data concerning the infectivity 
and persistence of T. pseudospiralis in cattle. 

 

2.1.2 Variability in cold resistance of Trichinella species 

Table 6 [see appendix] comprises reports of studies where infectivity of 
larvae of a number of Trichinella species in meat after cold treatment has 
been investigated. This table is primarily restricted to papers where the 
species of the Trichinella isolated is named. 

T. nativa, Trichinella T6 and T. britovi are considered to be freeze resistant 
(Murrell et al., 2000; La Rosa et al., 2003). The other species have moderate, 
low or no resistance. 

Cold resistance of Trichinella muscle larvae appears to be related to many 
factors which are either host- or parasite-related (Dick and Belosevic, 1978; 
Pozio et al., 1994; Pozio and Kapel, 1999; Kapel, 2000; Oivanen et al., 
2002; Kapel et al., 2003; Malakauskas and Kapel, 2003; and others). 
However, these factors have not been sufficiently investigated as yet to allow 
any general conclusions to be drawn and to be included in any regulations 
concerning safe methods of cold treatment to inactivate larvae of all 
Trichinella species that can be found in the domestic pig. Furthermore, it is 
not appropriate to make predictions about cold resistance solely on the basis 
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of data extrapolated from observations made in respect of one animal species 
to another. 

Factors influencing the resistance of Trichinella muscle larvae to freezing 
have been reviewed by Pozio et al. (1994), who list several intrinsic and 
extrinsic factors that influence the resistance of muscle larvae, viz. i) the 
genetic structure of the parasite; ii) the host order and species; iii) the age of 
muscle larvae, which is also related to the development stage of the nurse 
cell; iv) the freezing temperature; and v) the duration of freezing. 

Resistance to freezing is a biological characteristic which is also related to 
environmental factors affecting the animal host (Pozio et al., 1992c). Its 
significance is readily understood since it increases the chances of survival 
of the parasite in host carrion. Among cold resistant trichinellae, there is a 
correlation between resistance to freezing and the latitude of origin of the 
isolate in the following descending order: arctic/subarctic (T. nativa), 
subarctic/temperate (Trichinella T6), temperate (T. britovi) (Pozio et al., 
1994). The more freeze resistant isolates are found at higher latitudes. 
Although substantially reduced in experimentally infected mice, the order of 
cold resistance of larvae freezed at –30°C is maintained and ranges from 48 
hours (T. nativa), to 36 hours (Trichinella T6), to 24 hours (T. britovi) (Pozio 
et al., 1992c). As to naturally infected hosts, a prolonged period of freezing 
without loss of infectivity has been reported for all these three Trichinella 
species. For T. nativa, larvae have been found infective in the muscle tissues 
of arctic foxes and polar bears after freezing for 4 years at –18°C and for 5 
years at –18°C, respectively (Kapel et al., 1999; Dick and Pozio, 2001); for 
Trichinella T6, infective larvae were collected after freezing for 34 months at 
– 20°C in a grizzly bear (Worley et al., 1986); and for T. britovi, larvae in the 
muscle tissues of a wolf and a fox were still infective after freezing for 6 
months at –20°C and for 11 months at –15°C, respectively (Pozio et al., 
1989; Dick and Pozio, 2001). 

Freeze tolerance of the same Trichinella isolate varies according to different 
hosts, as the host species tissues influence the survival of the muscle larvae. 
For example, Dick and Belosevic (1978) showed that larvae of Trichinella 
sp. (possibly T. nativa) in polar bear meat that were found to be infective 
after 12 months at –15°C did not survive at the same temperature for 7 days 
in mouse tissue. Similarly, the same larvae of T. britovi that were found 
infective after 6 months at –20°C in wolf tissue were not able to tolerate 5 
days at –10°C in mouse tissue (Pozio et al., 1989). Kapel et al. (1999) 
suggest that these differences are possibly related to dissimilar development 
of the nurse cell-larva complex formed in the two different host tissues as 
well as to the length of time the muscle larvae had been encysted. 
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Data about the cold resistance of trichinellae in infected muscle tissues are 
essentially available for carnivores, which are the main natural hosts of cold 
resistant trichinellae (T. nativa, T. britovi and Trichinella T6), while very 
few data can be found in the scientific literature concerning the resistance of 
the parasites in domestic pigs and wild boars. The limited scientific 
information suggests that cold resistant trichinellae may remain viable in 
frozen non-carnivores meat – such as wild boar and domestic pig meat - for a 
moderate or short period of time, i.e. a few weeks or months for T. nativa 
(Dick and Pozio, 2001), and a few days or weeks for T. britovi (Pozio, 2000), 
which is considerably less than their very long persistence (years or months) 
in carnivores muscle tissue. 

Also the increasing age of the larvae has a positive influence on their 
tolerance to low temperatures when in the muscle. Freeze tolerance could in 
fact be related to the development and thickening of a collagen capsule 
formed rapidly around the muscle larvae by the nurse cell (Pozio et al., 
1992b). 

In general, T. spiralis larvae in pig meat are sensitive to cold treatment 
(Steel, 1970; Kotula et al., 1990), but they have been found to maintain their 
infectivity to mice after 4 weeks of freezing at -18oC when encysted in sheep 
muscle tissue (Theodoropoulos et al., 2000). However, this freeze resistance 
has not been documented in wild boar muscle, nor in cattle. This was also 
shown to be the case for T. pseudospiralis, another species normally 
considered to be freeze sensitive and unable to survive in frozen muscles of 
domestic pigs, wild boar and laboratory mice (Pozio et al., 1994, 1992c). T. 
pseudospiralis larvae have been shown to survive exposure to low 
temperatures (-5°C) for considerable periods (4 weeks) in rat muscle tissue 
(Malakauskas and Kapel, 2003), and to survive freezing at –18°C for 4 
weeks in experimentally infected lambs (Theodoropoulos et al., 2000). 
However, Kapel et al. (2004) have recently reported that T. pseudospiralis is 
not able to to survive at –18°C for one week in the muscle tissue of 
experimentally infected pigs and wild boars. No information is available 
about the freeze resistance of T. pseudospiralis in cattle muscle tissue. It can 
be concluded that both T. spiralis and T. pseudospiralis do not resist to 
freezing in pork and wild boar meat at the time/temperature combinations 
already provided in the legislation. 

As to Trichinella T8 and T9, the two genotypes closely related to T. britovi, 
no resistance to freezing in laboratory mice has been reported for Trichinella 
T8 (Pozio et al., 1992c), while no data are available for Trichinella T9. In 
addition, information is lacking for both genotypes as to their resistance to 
freezing in meat from domestic pigs, wild boar and cattle. 
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Recently, and as a preliminary information, Kapel et al. (2004) reported on 
the freeze tolerance of different Trichinella species in muscle tissue of 
experimentally infected animals. Tissue samples of 100 g taken from 
different host species, including pigs and wild boars, were stored at different 
temperatures (5°C, -5°C, -18°C) for 1, 4 and 8 weeks. No viable larvae of 
any Trichinella species - including the cold resistant T. nativa, Trichinella 
T6, T. britovi as well as T. spiralis and T. pseudospiralis - were recovered 
from the muscle tissue of pigs and wild boars stored at –18°C for one week. 
It was concluded that freezing at –18°C is an effective way to inactivate all 
trichinellae, including the cold resistant ones, in both pork and wild boar 
meat. 

In the same experiment, the cold resistance of some trichinellae (T. nativa 
and Trichinella T6) in muscle from a carnivore (a fox) was once again 
confirmed, as viable parasites could be recovered after 4 weeks of freezing at 
–18°C. Incidentally, other trichinellae (T. spiralis, T. britovi and T. 
pseudospiralis) showed a marked freeze resistance in horse tissues, since 
they could survive at –18°C for 1, 4 and 8 weeks. Kapel et al. considered that 
this effect could be due to the presence of substances that effectively prevent 
freezing of Trichinella muscle larvae. 

The experimental data presented by Kapel et al. (2004) are conflicting with 
those reported by Pozio et al. (1992a) as to the cold resistance of trichinellae 
in wild boar meat, which is reported as lasting 3 weeks at –20°C and less 
than 1 week at –18°C, respectively. There can be a number of reasons for the 
lack of agreement between the two experiments, as the resistance of 
Trichinella muscle larvae to freezing is related to several intrinsic and 
extrinsic factors, listed by Pozio et al. (1994) and mentioned above. 

In conclusion, as to the freezing of meat, in the absence of sufficient 
experimental and epidemiological data, a conservative approach would be 
not to apply to the other Trichinella species what is applicable to T. spiralis. 
In fact there are not enough data available to conclude which specific 
time/temperature combinations allow to inactivate different Trichinella 
species in different types of meat from different hosts. The freezing cannot 
be unequivocally accepted to be an alternative for Trichinella examination of 
meat, unless time/temperature combinations are experimentally assessed for 
each relevant host species. 
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2.1.3  Evidence of human trichinellosis due to cold resistant Trichinella species  

In some of the new Member States of EU, human trichinellosis has been 
reported regularly in the last few years: in 1999 in Latvia, 40 cases; in 1993-
1999 in Lithuania, 1290 cases; in 1993-1997 in Poland, 352 cases; and in 
1998-1999 in Slovakia, 366 cases. Sources of the infection have been pork, 
wild boar, game and dog meat, and the causative agent has been identified as 
T. spiralis and T. britovi (Murrell and Pozio, 2000). 

Human outbreaks of trichinellosis have been reported world wide with 
different cold resistant Trichinella species as etiological agents. 

Trichinella nativa 

An outbreak affecting 42 individuals (out of 68 exposed) occurred in Salluit, 
Quebec, Canada, in 1987. The people had eaten walrus (Odobenus 
rosmarus) meat. The authors detected clinical and serologic profiles that 
supported the hypothesis that the causative agent was T. nativa (MacLean et 
al., 1992).  

In Greenland, the only Trichinella species reported as being present is T. 
nativa. All diagnosed human cases have been connected to the consumption 
of walrus and polar bear (Ursus maritimus) meat. In 1960-1980, 61 human 
cases were reported (Kapel, 1997). 

Between 1982 and 1999 in northern Canada (coast of Hudson Bay), 9 
outbreaks have occurred where the source of infection was raw or 
insufficiently cooked walrus meat. In two additional outbreaks the source has 
been insufficiently cooked meat from an arctic fox (Alopex lagopus) and a 
polar bear. In an outbreak in 1997, 36 people were exposed to infected 
walrus meat, and 3 of the affected persons met the case definition for 
trichinellosis. The agent was identified as T. nativa (Proulx et al., 2002). 

A further outbreak occurred in Saskatchewan, Canada, in 2000. Seventy-
eight people were exposed, and 31 of them met the case definition. The 
source of the infection was black bear (Ursus americanus) meat infected 
with T. nativa, which was eaten as dried meat (Schellenberg et al., 2003).  

In Alaska, two reported outbreaks were attributed to the consumption of T. 
nativa-infected walrus meat (Margolis et al., 1979). 

No outbreaks have been ever reported due to the consumption of pig or wild 
boar meat. 
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Trichinella T6 

In 1995 an outbreak occurred in Idaho, USA where 15 people were exposed 
and 10 cases were identified. The causative agent was Trichinella T6, and 
was associated with infected cougar (Felis concolor) meat that had been 
eaten as jerky, salted and smoked. The meat had been frozen for 3 weeks 
before consumption (Dworkin et al., 1996). 

In 1998 a further outbreak occurred in Ohio, USA. The outbreak was 
associated with the consumption of bear meat from Ontario, Canada. The 
meat had been frozen for at least 60 days before consumption. Some 28 
people were exposed and 8 met the case definition for trichinellosis. The 
meat was eaten as inadequately cooked, for example as bear burgers cooked 
rare in a microwave oven. The parasite was identified as Trichinella T6 
(Nelson et al., 2003). 

No outbreaks of human trichinellosis due to Trichinella T6 have been ever 
linked to the consumption of pork or wild boar meat. 

Trichinella britovi 

Two outbreaks involving 67 and 20 patients, respectively, occurred in 
southern Italy in 1985 and 1986 (Pozio et al., 1993). The causative agent was 
identified as T. britovi. The people acquired the infection by eating sausage 
and salami prepared from meat from a wild boar and a feral pig. 

In two outbreaks out of fourteen linked to the consumption of horsemeat, the 
agent was identified as T. britovi. The total number of cases reported in Italy 
was 89 in 1975 and over 300 in 1986 (Boireau et al., 2000; Pozio, 2001). 

An outbreak occurred in Slovakia in 1998: in total 336 people were affected 
after eating smoked sausage containing dog meat. The causative agent was T. 
britovi (Dubinský et al., 2001). 

In 2000, in the Andalusia region of Spain, an outbreak affecting 38 people 
occurred. They had eaten sausage made from a mixture of “inspected pork 
and uninspected wild boar meat”. The agent was identified as T. britovi 
(Gomez-Garcia et al., 2003). 

In 2001-2002, an outbreak occurred in Cáceres, Spain where 56 people were 
exposed and 26 cases were diagnosed. The causative agent was T. britovi 
which was associated with consumption of pork derived from a domestic pig 
which had been slaughtered in a farm. The meat had been consumed mainly 
as raw sausages (Cortés-Blanco et al., 2002). 
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Trichinella T8 and Trichinella T9 

No human trichinellosis cases have been related to the infection by either 
Trichinella T8 or Trichinella T9. It is suggested that some human cases 
reported in Japan have been caused through the years by the infection with 
Trichinella T9, but evidence is lacking as no typing has been performed. 

Trichinella spiralis 

Trichinella spiralis is the first species of the genus that was found to cause 
human trichinellosis. Nowadays, most of the reported cases of human 
trichinellosis all over the world are still due to infection by T. spiralis, both 
in developed and developing regions (Murrell and Pozio, 2000). Sources of 
reported human infections are pork, wild boar, horse, mutton, dog meat and 
game (Pozio, 2001). In Europe, T. spiralis has been reported to cause human 
infections in Bulgaria, Croatia, France, Germany, Italy, Latvia, Lithuania, 
Poland, Romania, Russia, Serbia, Slovakia, and Spain in 1991-2000. In 
recent years, most of the human cases have been reported in Romania, 
Bulgaria, Russia, Serbia, Croatia and Lithuania (range 184-1,744 cases per 
year per country) (Pozio, 2001). Out of the fourteen horsemeat-related 
outbreaks in France and Italy since 1975, with at least 3,326 human cases, 
seven were caused by T. spiralis (Pozio, 2001). It should be noted that 
human trichinellosis cases by T. spiralis have been mostly related to the 
consumption of raw or insufficiently cooked meat, sometimes to cured meat 
and never to frozen meat. 

Trichinella pseudospiralis 

The first case of human trichinellosis caused by T. pseudospiralis was 
detected in New Zealand although the infection was probably acquired in 
Tasmania (Andrews et al., 1993). The source of infection has not been 
determined. 

Another outbreak occurred in 1994-1995 in Thailand, where 59 people 
showed clinical signs of trichinellosis and one of them died. The patients had 
eaten raw meat of a wild pig (Jongwutiwes et al., 1998).  

In North-East Russia, Kamchatka, approximately 30 persons were affected 
with T. pseudospiralis. According to the author, the parasite was detected in 
domestic pigs of a particular farm and in brown rats from the same farm 
(Britov, 1997 cited by Ranque et al., 2000). 

In France, four persons became ill with trichinellosis after eating 
undercooked barbecued wild boar meat in 1999. The boar had been hunted in 
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Camargue, southern France, by two of the four affected people. After 
hospitalization and treatment, all four patients recovered completely within 4 
months. The causative agent of the outbreak was detected both in the meat of 
the boar and in muscle tissue biopsies of all patients and identified as T. 
pseudospiralis (Ranque et al., 2000).  

 

2.2. Heat treatment 

Heat treatment is a proven method to kill Trichinella spp. present in meat. 
An overview of heat inactivation of Trichinella species is presented in Table 
7 (see appendix). 

It has to be noted that in the literature data concerning heat treatment 
procedures for the inactivation of Trichinella almost exclusively refer to 
pork. In almost all cases heat inactivation experiments have been carried out 
with T. spiralis. No experiments on the heat inactivation of the other 
Trichinella species have been reported to-date. 

Heat treatments of meat have been carried out in two manners: 

I) Heating up until a certain core temperature has been reached. In these 
experiments no attention has been paid to the effect of heating time. 

II) Temperature/time combinations for a complete kill of T. spiralis after the 
indicated core-temperature has been reached. 

In general, heating meat products to a core temperature of 60 – 70°C is 
considered to be sufficient to kill T. spiralis. For home cooking the 
International Commission on Trichinellosis advises cooking to an internal 
temperature of 71°C (Gamble et al., 2000). 

However, it has been demonstrated that the heating time is also of interest. 
For example, Kotula et al. (1982) demonstrated that if meat products are 
rapidly heated up and cooled down, T. spiralis can survive a core 
temperature of 77 °C. This finding indicates that it is the time/temperature 
combination that determines the survival of Trichinella spp. The use of 
temperature/time combination has been recommended by Gamble (Internet 
URL: http://www.aphis.usda.gov/vs/trichinae/docs/fact_sheet.htm) among 
others. For example, T. spiralis is killed in 47 minutes at 52°C, in 6 minutes 
at 55°C, and in < 1 minute at 60°C. It should be noted that these times and 
temperatures apply only when the product reaches and maintains 
temperatures evenly distributed throughout the meat.  
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Alternative methods of heating, particularly the use of microwaves, have 
been shown to give different results, with the parasites not being completely 
inactivated when the product was heated to reach a prescribed end-point 
temperature (see Table 7). This is related to the short heating time and 
possibly an uneven temperature distribution in the product (Kotula et al., 
1983). Regarding microwave heating, both Zimmermann and Beach (1982) 
and Kotula et al. (1982) advised that the meat be heated until a core 
temperature of 77°C has been reached in order to ensure a complete 
destruction of T. spiralis. Also, grilling of meat may result in an uneven 
temperature distribution and the survival of T. spiralis (Modic and 
Djordjevic, 1980). 

Other aspects which require to be taken into consideration regarding the heat 
sensitivity of Trichinella spp. are the effect of stress responses that may 
protect the parasites against heat destruction and the effect of encapsulation 
of certain strains. For example, the effect of a temperature shift from 37 to 
4°C of T. nativa (arctic), T. spiralis (cosmopolitan) and T. nelsoni (tropical) 
on stress responses was tested by Martinez et al. (2004). During the first 8 
hours of cooling a different total protein and a depressed heat shock proteins 
(Hsp) expression pattern were demonstrated in each of the Trichinella spp. 
Following acclimatization, Hsp markedly increased above the control levels 
in the three species. It is generally considered that in the case of bacteria, 
Hsp protects the organisms against freezing, heating and low pH.  

 

3. CYSTICERCUS CYSTS IN MEAT OF CATTLE, PIGS AND WILD BOAR 
 

Cysticercus cysts relevant to this opinion are the larval stages of the cestodes Taenia 
saginata, T. saginata asiatica and Taenia solium. T. saginata asiatica is a 
recognised sub-species of T. saginata whose geographical distribution is primarily 
restricted to Asia but sporadic cases have been reported in EU countries as well, 
such as Spain (Fan, 1997; Gonzalez et al., 2004). These parasites exist in the adult 
form or tapeworm as obligate intestinal parasites of man. The eggs are the only free-
living stage and pass out of the body of an infected human host in the faeces. If an 
intermediate host ingests the eggs, these develop into a cysticercus. When a human 
host ingests a viable cyst in meat, it can develop into an adult tapeworm in the 
intestine, completing the life cycle. In T. saginata the intermediate hosts are cattle. It 
is a matter of speculation whether the eggs of T. saginata asiatica can infect man 
and thus cause some cases of human cysticercosis in Asia (Gonzalez et al., 2004) 
but, although pigs are considered the preferred intermediate hosts for T. saginata 
asiatica, the parasite has also been recorded in wild boar, cattle, goats and monkeys 
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(Wang et al., 2000). For T. solium, two well documented and important scenarios 
may occur: first the cysts can develop both in pigs (including wild pigs or wild boar) 
and in man when he ingests the taenia eggs; secondly the parasite is capable of 
passing the blood/brain barrier so that humans infected with the cysts can develop 
neurocysticercosis. This disease is associated with late onset epilepsy, neurological 
disorders, morbidity and in some cases death. Control of both T. saginata and T. 
solium is therefore important. 

The problems associated with the parasites have been described in a previous report 
(SCVPH, 2000). Transmission risks are associated with either population movement 
from high prevalence areas to low prevalence areas or through potential importation 
of infected meat from high prevalence areas. One way to help reduce transmission is 
through meat inspection to detect infected carcases and freezing of infected meat to 
kill the cysts. However, it must be stated that meat inspection, while reliable in 
detecting heavily infected carcases, is not very effective in detecting lightly infected 
carcases so that these may escape the meat inspection process and constitute a 
serious transmission risk. It should also be noted that it is often difficult to obtain up 
to date and accurate information on the prevalence of cysticercosis in domestic 
animals, since this information is sometimes regarded as the property of the meat 
industry. Information on the prevalence of taeniosis in humans is also difficult to 
obtain partly because taeniosis is not a notifiable infection. Detailed information is 
needed on the prevalence of these parasites in all EU Member States. 

Wild boars are acknowledged intermediate hosts for T. solium in addition to 
domestic pigs (Pawlowski, 2002). Domestic pigs are primarily considered to bear 
the greater responsibility for T. solium transmission (Gamble, 1997; Gibbs, 1997). 
This could be also related to different patterns of consumption, since wild boar meat 
is eaten much less frequently than the meat of domestic pigs. In addition it should be 
stated that, although the importance of wild boar in the transmission of T. solium is 
recognised (Eslami and Farsad-Hamdi, 1992; Fan et al., 1992; Solaymani-
Mohammadi et al., 2003), it is true to say there is a serious paucity of information 
on the prevalence and intensity of T. solium in wild boar in Europe. Searches of the 
literature have revealed virtually nothing on the subject. Despite the fact that wild 
boars are recognized as important game animals in Europe, most of the available 
studies seem to have concentrated on intestinal parasites (Takacs, 1997; de-la-Muela 
et al., 2001) and not on parasites of the musculature or neural system such as T. 
solium cysts. Some of the potential risks associated with translocating these animals 
have nonetheless been highlighted (Fernandez-de Mera et al., 2003). 

Given that there is no particular reason to believe that the susceptibility of T. solium 
cysts to freezing varies between wild boar and domestic pigs, until such information 
becomes available, the only option would be to assume that freezing times for 
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inactivating T. solium cysts in wild boar meat are similar to that of meat from 
domestic pigs. 

All the available information relating to freezing of cattle carcasses seems to be 
confined to T. saginata. Again, since there is no particular reason to believe that the 
conditions necessary to kill T. saginata asiatica cysts differ from those necessary to 
kill T. saginata cysts, the only option would be to assume that the required freezing 
times are similar. 

 

3.1. Cold resistance of T. solium and T. saginata cysticerci 
 

3.1.1. Introduction 

As stated in the main background and introduction sections to this document, 
the primary aim here is to provide additional information on the freezing of 
bovine and porcine meat in order to kill T. saginata and T. solium cysticerci. 
This will act to update the information given in the previous EU publication 
(SCVPH, 2000). Unfortunately, a review of the literature has revealed very 
few recent systematic studies on the conditions necessary to kill the cysts of 
either parasite. The methods that have been examined and/or suggested 
include cooking (to 50-60°C), freezing, curing and irradiation. In general it is 
accepted that cooking meat all the way through until it is no longer pink in 
the middle effectively kills cysts and thus blocks transmission. However, this 
section will concentrate on freezing since that is the remit for this study. 
Since a lot of the information was determined some time ago, it is 
worthwhile to note changes in nomenclature. Previously the cysts of T. 
saginata were referred to as Cysticercus bovis, while those of T. solium were 
referred to as Cysticercus cellulosae. These infections are currently referred 
to as T. saginata and T. solium cysticercosis or in the case of humans 
infested with T. solium cysticerci in the brain, neurocysticercosis. 

 

3.1.2. Data 

Most studies relating to the determination of adequate times and 
temperatures for freezing meat to kill either T. saginata or T. solium 
cysticerci were conducted some time ago. Modern freezers tend to operate at 
lower temperatures than those stated below. Summarizing the experimental 
data of different studies, Soulsby (1982) recommends that pig or cattle 
carcasses are frozen at –10°C for 10 to 14 days to kill the cysts. Common 
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sense dictates that carcasses showing a single dead or viable cysts are likely 
to contain viable or dead cysts elsewhere. Thus, these carcasses should either 
be cooked or frozen (Juranek et al., 1976). Many countries regulations insist 
on at least -10°C for 14 days (Gamble, 1997). Times for killing cysts in beef 
have been reported as -5°C for 15 days, -10°C for 9 days and -15°C for 6 
days (Gamble, 1997; Hilwig et al., 1978) but younger cysts (12 to 16 weeks 
old) were more susceptible to the effects of freezing than were 24 week old 
cysts (Hilwig et al., 1978). The results of previous such studies, when 
reviewed, were found to have produced varied results (Hilwig et al., 1978). 
Blast freezing conditions at -10°C for 90 minutes, -15°C for 75 minutes or -
18°C for 30 minutes have also been reported to kill T. solium cysts in pig 
meat (Robinson and Chambers, 1976). It has also been pointed out that blast 
freezers may not always be available (SCVPH, 2000). Chilling meat at +4°C 
does not seem too practical since T. solium cysts can survive for up to 30 
days in these conditions (Fan et al., 1998). 

Proper freezing and storage of meat are essential for maintaining the integrity 
of the product. Storage temperature is important for extending shelf life and 
controlling pathogen growth. Because lean meat contains approximately 
70% water, some moisture and proteins are lost during the freezing and 
thawing process. This can occur in the form of evaporation, purge or drip. 
The goal is to minimize juice loss as much as possible and the following 
procedures can help achieve this goal (MSS, DAS, TAMU). 

Freezing: When freezing, it is important to freeze fast. Fast freezing causes 
the formation of small ice crystals. Slow freezing causes the formation of 
large ice crystals, which can damage proteins, resulting in a loss of elasticity, 
resorption, and water-holding capacity. Freezing at -22°C to -30°C causes 
99.9% of the water contained in meat to be frozen. Microbial and enzymatic 
activity virtually ceases at these temperatures. The most common methods 
used to achieve a fast freeze are: 

Blast freezing: Involves rapid air movement that removes heat from a 
product. The most common temperature for blast freezing is -40°C with high 
velocity air movement. 

Plate freezing: Plate freezing is used for boxed goods. Products are stored 
on a series of shelves and frozen to a temperature of -20°C. 

Cryogenics: This process is used primarily for ground and cooked products 
such as beef patties, fresh sausage, chili, soups, and stews. Liquid nitrogen or 
liquid carbon dioxide can attain extremely cold temperatures of -196°C and -
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78.5°C, respectively. Typically, patties or trays are passed through a 
conveyorized tunnel for a set time period to achieve freezing. 

 

4. CONCLUSIONS 
 

• Human cases of disease due to cold resistant species/genotypes of 
trichinellae, namely T. nativa, Trichinella T6 and T. britovi, have 
been diagnosed in the enlarged EU and in Third Countries. 

• T. nativa, Trichinella T6 and T. britovi have been mostly detected in 
carnivore hosts such as bears, foxes, wolves, raccoon dogs, felids and 
mustelids, and in pinnipeds (T. nativa only). 

• T. nativa has been found world wide and reported to date only twice 
in naturally infected wild boars (in Estonia and in Russia) and once in 
naturally infected domestic pigs (in China). T. nativa has never been 
reported in nature in cattle. 

• Trichinella T6 has never been reported in nature in wild boar nor in 
domestic pigs nor in cattle. 

• T. britovi may occasionally infect wild boars. Domestic pigs may be 
infected as well, especially when they are reared outdoors as free 
roaming pigs in areas where contacts with wildlife may occur. This 
could also be the case for pigs reared in organic farms. 

• Two reports have been published concerning the detection of 
trichinellae in naturally infected cattle, but the Trichinella species has 
not been clearly documented. It can be argued that either T. spiralis 
or T. britovi has been involved in the episodes. However, it is noted 
that at present the occurrence of trichinellae in cattle is considered 
exceptional. 

• The freezing resistance of T. nativa, Trichinella T6 and T. britovi in 
muscle tissues of carnivores is well documented and in some 
carnivorous species may last up to several years (as to T. nativa and 
Trichinella T6) or several months (as to T. britovi). 

• In muscle tissues of either naturally or experimentally infected 
species other than carnivores, the freezing resistance of T. nativa, 
Trichinella T6 and T. britovi has been rarely assessed and reported, 
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and it always resulted much lower than the resistance in carnivores’ 
muscle tissues. 

• T. nativa and Trichinella T6 pose little risk for human exposure due 
to consumption of pork since they are characterized by low 
infectivity and lack of persistence in pigs; this applies to wild boar 
meat too for the same reasons. 

• Human trichinellosis outbreaks caused by T. nativa and Trichinella 
T6 have occurred following the consumption of meat of carnivores - 
mostly walruses, polar bears, arctic foxes, cougars and dogs; no 
human case has ever been linked to the consumption of pork or wild 
boar meat. 

• T. britovi is moderately infective and persistent in wild boars and 
domestic pigs; however, the presence of T. britovi in domestic pigs 
does not represent a persistent threat, as these hosts are a dead-end 
for the sylvatic cycle, because this sylvatic Trichinella species cannot 
maintain itself in a domestic cycle. 

• Human trichinellosis outbreaks caused by T. britovi have been mostly 
linked to the consumption of meat from domestic pigs, wild boar, 
fox, dog and horse. 

• No information is available about the resistance to freezing of 
Trichinella T8 and Trichinella T9, the two genotypes closely related 
to T. britovi which have been found to date only in wild carnivores. It 
should also be noted that no natural infection in domestic pigs, wild 
boar and cattle nor human trichinellosis cases due to infection with 
these genotypes have ever been documented. 

• Human trichinellosis cases by T. pseudospiralis and T. spiralis as 
well have been diagnosed in the EU and Third Countries. 

• Domestic pigs and wild boar can be found naturally infected with T. 
spiralis. Both the infectivity and persistence of T. spiralis are high in 
domestic pigs and wild boar. 

• Domestic pigs and wild boar can be found naturally infected with T. 
pseudospiralis. Both the infectivity and persistence of this Trichinella 
species have been experimentally assessed and found to be ranging 
from low to moderate in domestic pigs and wild boar, respectively. 
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• T. pseudospiralis and T. spiralis can be considered cold resistant 

Trichinella species since they have been found to resist freezing in 
muscle tissues of experimentally infected rats and lambs, but this 
resistance does not occur in muscle tissues of pigs nor in wild boar; 
as a consequence, T. pseudospiralis and T. spiralis can be considered 
as cold sensitive trichinellae when in muscle of pigs and wild boar. 
There is no information about the resistance to freezing of these two 
Trichinella species in cattle muscle tissue. 

• In conclusion, at present there is not enough scientific ground for 
suggesting detailed time/temperature combinations for cold resistant 
trichinellae in domestic pig, wild boar and bovine carcasses and meat. 
The only way for suggesting different parameters would be to 
experimentally assess the time/temperature combinations for the 
inactivation of each cold resistant Trichinella species/genotype in 
each relevant host species’ muscle tissue. 

 

Trichinella spp. in meat of pigs 

Cold sensitive trichinellae 

It is established that efficient cold treatment of meat of pigs kills muscle 
larvae of T. spiralis and thus provides a basis for the prevention and control 
of human trichinellosis. 

The efficiency of freezing is based on combinations of time and temperature. 

Time/temperature combinations conforming with the EU legislation 
64/433/EEC, 77/96/EEC, Annex IV meet these requirements in respect of the 
non-cold resistant species/genotypes of trichinellae. 

Cold resistant trichinellae 

Concerning the cold resistant Trichinella species/genotypes that have been 
identified, it is noted that present cold treatment and time/temperature 
combinations may not be effective in respect to the cold resistant strains 
should they be present in meat of pigs. There is a lack of scientific data on 
this issue. 
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Trichinella spp. in meat of wild boar 

Cold sensitive trichinellae 

There is some evidence that cold treatment of meat of wild boar kills T. 
spiralis muscle larvae. 

Cold resistant trichinellae 

The effectiveness of present cold treatment and time/temperature 
combinations for killing cold resistant trichinellae in meat of wild boar are 
not fully documented. 

 

Trichinella spp. in meat of cattle 

Trichinellosis in cattle has been exceptionally reported, and no conclusive 
information is available both about the possible transmission of the parasite 
to humans through beef consumption and about the Trichinella species 
involved, although most probably it could have been T. spiralis or T. britovi. 

There is no information available on the specific effectiveness of cold 
treatment of beef for inactivating muscle larvae of any Trichinella species. 

 

Heat treatment of trichinellae 

In general, heating meat products to a core temperature in the range of 60-
70°C for 1 minute is considered to be sufficient to kill T. spiralis. 

No information is available regarding heat tolerance in meat of 
species/genotypes of trichinellae other than T. spiralis. 

 

Cysticercus cysts in meat of cattle, pigs and wild boar 

• The two main parasites in question are T. solium cysticerci 
(Cysticercus cellulosae) and T. saginata cysticerci (Cysticercus 
bovis). In the case of imports of pig, wild boar, cattle as well as goat 
meat from Asia, the possibility of T. saginata asiatica cysticercosis 
also requires consideration. 
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• Wild boar are acknowledged intermediate hosts for T. solium in 

addition to domestic pigs. 

• There is a paucity of information on prevalence and intensity of T. 
solium in wild boar in Europe. 

• There is a paucity of reliable information on the prevalence of either 
T. saginata or T. solium in the expanded EU and such data need to be 
collated. 

• Meat inspection is not reliable in the detection of lightly infected 
carcasses so that these carcasses present a transmission risk since 
they may not be frozen. 

• Transmission risks are associated with import of potentially infected 
meat or population movement of taenia carriers from high prevalence 
areas to low prevalence areas. In the case of T. solium, this presents a 
potentially serious public health risk, and a situation that requires 
surveillance. 

• The susceptibility of T. saginata and T. solium cysticerci to freezing 
is established. 

• There is no evidence to show that T. saginata and T. saginata 
asiatica cysticerci differ in their susceptibility to freezing. 

• There is no evidence to show that the susceptibility of T. solium to 
freezing varies between wild boar and domestic pigs. 

• Freezing of pig, wild boar or cattle carcasses or meat derived from 
carcasses at -10°C (or lower than -10°C) for 10 days or longer kills 
the cysticerci and provides a basis for the prevention and control of 
human taeniosis caused by T. saginata, T. saginata asiatica and T. 
solium, but the points regarding the lack of sensitivity of meat 
inspection in detecting infected carcasses for freezing should be 
noted. 

 

5. RECOMMENDATIONS 
 

• Given the lack of scientific data, research should be prompted about 
the time/temperature combinations sufficient for the inactivation of 
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cold resistant trichinellae in meat from non-carnivorous hosts, 
including domestic pigs and wild boar. In doing so, experiments 
should be planned taking into account all the factors that may 
influence the resistance of Trichinella muscle larvae to freezing, such 
as the different Trichinella species, the age of muscle larvae, the host 
species and possibly its breed, the size of meat, the freezing 
temperature, and the duration of freezing. 

• Collection of reliable data about cysticercosis in animals and 
taeniosis in humans in the EU should be promoted. 

• Human cysticercosis by T. solium, and neurocysticercosis in 
particular, should be considered a major public health issue and 
proposed for inclusion in the list of notifiable diseases. 

• Research is needed for assessing the difference in susceptibility of T. 
solium cysticerci to freezing between wild boar and domestic pigs. 

• Research is needed for clarifying the susceptibility of T. saginata 
asiatica cysticerci to freezing in comparison with T. saginata 
cysticerci. 

 
6. REFERENCES 

 
Andrews, J.R., Ainsworth, R. and Abernethy, D. (1993). Trichinella pseudospiralis 
in man. Lancet 342: 298-299. 

Australian Government. Department of Agriculture, Fisheries and Forestry. (2004). 
Generic import risk analysis (IRA) for pig meat. Final import risk analysis report. 
February 2004. Commonwealth of Australia, 2004. pp. 736-743. 

Barrientos, J. and Torres, P. (1982) Survival and infective capacity of Trichinella 
spiralis in the macroenvironment. Rev. Med. Chil. 110: 1059-1062. 

Boireau, P., Vallée, I., Roman, T., Perret, C., Mingyuan, L., Gamble, H.R. and 
Gajadhar, A. (2000). Trichinella in horses: a low frequency infection with high 
human risk. Vet. Parasitol. 93: 309-320. 

Britov, V.A. (1995). Trichinellosis problem in the Primorsk region. 51 pp. 
Veterinary Scientific Research Institute of the Far East, Primorsk branch, 
Vladivostok. 

http://www.efsa.eu.int 
   

32 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Britov, V.A. and Boev, S.N. (1972). Taxonomic rank of various strains of 
Trichinella and their circulation in nature. Vestin. Akad. Nauk. SSSR 28: 27-32. [In 
Russian]. 

Bruschi, F. and Murrell, K.D. (2002). New aspects of human trichinellosis: the 
impact of new Trichinella species. Postgrad. Med. J. 78: 15-22. 

Cabaj, W., Moskwa, B., Pastusiak, K. and Malczewski, A. (2004). Trichinellosis in 
wild animals and domestic pigs in Poland. Med. Weter. 60: 80-83. 

Chadee, K.C. and Dick, T.A. (1982a). Biological characteristics and host influence 
on a geographical isolate of Trichinella (Wolverine: 55°00’N, 100°00’W, 1979). J. 
Parasitol. 68: 451-456. 

Chadee, K. and Dick, T.A. (1982b). Designation and freezing resistance of isolates 
of Trichinella spiralis from wild carnivores. J. Wildl. Dis. 18: 169-173. 

Christensson, D. and Pozio, E. (2004). Ny trikinart i Sverige (New Trichinella 
species in Sweden). Svensk Veterinärtidning 56: 21-23. (Summary) 

Clark, P.S., Brownsberger, K.M., Saslow, A.R., Kagan, I.G., Noble, G.R. and 
Maynard, J.E. (1972). Bear meat trichinosis. Epidemiologic, serologic and clinical 
observations from two Alaskan outbreaks. Ann. Intern. Med. 76: 951-956. 

Cortés-Blanco M., García-Cabañas A., Guerra-Peguero F., Ramos-Aceitero J.M., 
Herrera-Guibert D., Martínez-Navarro J.-F. (2002). Outbreak of trichinellosis in 
Cáceres, Spain, December 2001–February 2002. Eurosurveillance 7: 136-138. 

Cui, J. and Wang, Z.Q. (2001) Outbreaks of human trichinellosis caused by 
consumption of dog meat in China. Parasite 8: S74-S77. 

de-la-Muela, N., Hernandez-de-Lujan, S. and Ferre, I. (2001). Helminths of wild 
boar in Spain. J. Wildl. Dis. 37: 840-843.  

Dick, T.A. (1983). Infectivity of isolates of Trichinella and the ability of an arctic 
isolate to survive freezing temperatures in the raccoon, Procyon lotor, under 
experimental conditions. J. Wildl. Dis. 19: 333-336. 

Dick, T.A. and Belosevic, M. (1978). Observations of a Trichinella spiralis isolate 
from a polar bear. J. Parasitol. 64: 1143-1145.  

Dick, T.A. and Pozio, E. (2001). Trichinella spp. and trichinellosis. In: Samuel 
W.M., Pybus M.J., Kocau A.A. (eds.). Parasitic diseases of wild mammals, 2nd ed. 
Iowa State University Press, Ames, pp. 380-396.  

http://www.efsa.eu.int 
   

33 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Dubinský, P., Štefančíková, A., Kinčeková, J., Ondriska, F., Reiterová, K. and 
Medvedová, M. (2001). Trichinellosis in Slovak Republik. Parasite 8: S100-S102. 

Dubinsky, P., Stefancíková, A., Kinceková, J., Ondriska, F., Reiterová, K. and 
Medvedová, M. (2001). Trichinellosis in Slovak Republik. Parasite 8: S100-S102. 

Dworkin, M.S., Gamble, H.R., Zarlenga, D.S. and Tennican, P.O. (1996). Outbreak 
of trichinellosis associated with eating cougar jerky. J. Infect. Dis. 174: 663-666. 

Eslami, A. and Farsad-Hamdi, S. (1992). Helminth parasites of wild boar, Sus 
scrofa, in Iran. J. Wildl. Dis. 28: 316-318. 

European Commission. (2002). Trends and sources of zoonotic agents in animals, 
feedingstuffs, food, and man in European Union and Norway. pp. 173-176. 

Fan, P.C. (1997). Annual economic loss caused by Taenia saginata asiatica 
taeniasis in East Asia. Parasitol. Today 13: 194-196.  

Fan, P.C., Chung, W.C., Soh, C.T. and Kosman, M.L. (1992). Eating habits of East-
asian people and transmission of taeniasis. Acta Trop. 50: 305-315. 

Fan, P.C., Ma, Y.X, Kuo, C.H. and Chung, W.C. (1998). Survival of Taenia solium 
cysticerci in carcasses of pigs kept at 4°C. J. Parasitol. 84: 174-175.  

Fernandez-de Mera, I.G., Gortazar, C.,Vicente, J., Hofle, U. and Fierro, Y. (2003). 
Wild boar helminths: risks in animal translocations. Vet. Parasitol. 115: 335-341. 

Gamble, H.R. (1997). Parasites associated with pork and pork products. Rev. Sci. 
Tech. 16: 496-506. 

Gamble, H.R. U.S. Department of Agriculture, Agricultural Research Service, 
Parasite Biology and Epidemiology Laboratory, Beltsville, MD 20705, USA. [URL: 
www.aphis.usda.gov/vs/trichinae/docs/fact_sheet.htm]. 

Gamble, H.R., Bessonov, A.S., Cuperlovic, K., Gajadhar, A.A., van Knapen, F., 
Noeckler, K., Schenone, H. and Zhu, X. (2000). International Commission on 
Trichinellosis: recommendations on methods for the control of Trichinella in 
domestic and wild animals intended for human consumption. Vet. Parasitol. 93: 
393-408. 

Gamble, H.R., Pozio, E., Lichtenfels, J.R. and Zarlenga, D.S. (2004). Trichinella 
pseudospiralis from a wild pig in Texas, USA. Proceedings (Abstract), XI 
International Conference on Trichinellosis, August 8-12, 2004, San Diego, USA. 

http://www.efsa.eu.int 
   

34 of 51

http://www.aphis.usda.gov/vs/trichinae/docs/fact_sheet.htm


   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Garkavi, B.L. (1972). The species of Trichinella isolated from wild carnivores. 
Veterinariia 10: 90-91. [In Russian]. 

Gasser, R.B., Zhu, X.Q., Monti, J.R., Dou, L., Cai, X. and Pozio, E. (1998). PCR-
SSCP of rDNA for the identification of Trichinella isolates for mainland China. 
Mol. Cell. Probes 12: 27-34. 

Gibbs, E.P. (1997). The public health risks associated with wild and feral swine. 
Rev. Sci. Tech. 16: 594-598. 

Gomez-Garcia, V., Hernandez-Quero, J. and Rodriguez-Osorio, M. (2003). Short 
report: human infection with Trichinella britovi in Granada, Spain. Am. J. Trop. 
Med. Hyg. 68: 463-464. 

Gonzalez, L.M., Montero, E., Morakote, N., Puente, S., Diaz de Tuesta, J.L, Serra, 
T., Lopez-Velez, R., McMannus, D.P., Harrison, L.J.S., Parkhouse, R.M.E. and 
Garate, T. (2004). Differential diagnosis of Taenia saginata and Taenia saginata 
asiatica. Diagn. Microbiol. Infect. Dis. 49: 183-188.  

Hilwig, R.W., Cramer, J.D. and Forsyth, K.S. (1978). Freezing times and 
temperatures required to kill cysticerci of Taenia saginata in beef. Vet. Parasitol. 4: 
215-219. 
 
Hird, D.W. and Pullen, M.M. (1979). Tapeworm, meat and man. J. Food Prot. 42: 
58-64. 

Järvis, T., Miller, I. and Pozio, E. (2002). Trichinella britovi in domestic pig – a case 
report. Acta Vet. Scand. 43: 131-134. 

Jongwutiwes, S., Chantachum, N., Kraivichian, P., Siriyasatien, P., Putaporntip, C., 
Tamburrini, A., La Rosa, G., Sreesunpasirikul, C., Yingyourd, P. and Pozio, E. 
(1998). First outbreak of human trichinellosis caused by Trichinella pseudospiralis. 
Clin. Infect. Dis. 26: 111-115. 

Juranek, D.D., Forbes, L.S. and Keller, U. (1976). Taenia saginata cysticerci in the 
muscles of beef cattle. Am. J. Vet. Res. 37: 785-789. 

Kapel, C.M.O. (1997). Trichinella in arctic, subarctic and temperate regions: 
Greenland, the Scandinavian countries and the Baltic states. Southeast Asian J Trop 
Med Public Health 28 Suppl 1: 14-19. 

Kapel, C.M.O. (2000). Host diversity and biological characteristics of the 
Trichinella genotypes and their effect on transmission. Vet. Parasitol. 93: 263-278. 

http://www.efsa.eu.int 
   

35 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Kapel, C.M.O. (2001). Sylvatic and domestic Trichinella spp. in wild boars: 
infectivity, muscle larvae distribution, and antibody response. J. Parasitol. 87: 309-
314. 

Kapel, C.M.O. and Gamble, H.R. (2000). Infectivity, persistence, and antibody 
response to domestic and sylvatic Trichinella spp. in experimentally infected pigs. 
Int. J. Parasitol. 30: 215-221. 

Kapel, C.M.O., Webster, P., Lind, P., Pozio, E., Henriksen, S.-A., Murrell, K.D. and 
Nansen, P. (1998). Trichinella spiralis, T. britovi, and T. nativa: infectivity, larval 
distribution in muscle, and antibody response after experimental infection of pigs. 
Parasitol. Res. 84: 264-271. 

Kapel, C.M.O., Pozio, E., Sacchi, L. and Prestrud, P. (1999). Freeze tolerance, 
morphology, and RAPD-PCR identification of Trichinella nativa in naturally 
infected arctic foxes. J. Parasitol. 85: 144-147. 

Kapel, C.M., Measures, L., Moller, L.N., Forbes, L. and Gajadhar, A. (2003). 
Experimental Trichinella infection in seals. Int. J. Parasitol. 33: 1463-1470. 

Kapel, C.M.O., Webster, P., Malakauskas, A., Hurnikova, Z. and Gamble, H.R. 
(2004). Freeze tolerance of Trichinella genotypes in muscle tissue of experimentally 
infected pigs, horses, wild boars, mice, cats, and foxes. Proceedings (Abstract), XI 
International Conference on Trichinellosis, August 8-12, 2004, San Diego, USA. 

Kjos-Hanssen, B. (1984). Trichinella isolates from polar bears in Svalbard: freeze 
resistance and infectivity in rats and swine. Nord Vet.-Med. 36: 57-61. 

Kotula, A.W., Murrell, K.D., Acosta-Stein, L. and Tennent, J. (1982). Influence of 
rapid cooking methods on the survival of Trichinella spiralis in pork chops from 
experimentally infected pigs. J. Food Sci. 47: 1006-1007.  

Kotula, A.W., Murrell, K.D., Acosta-Stein, L., Lamb, L. and Douglass, L. (1983). 
Trichinella spiralis: effect of high temperature on infectivity in pork. Exp. Parasitol. 
56: 15-19. 

Kotula, A.W., Sharar, A.K., Paroczay, E., Gamble, H.R., Murrell K.D. and 
Douglass, L. (1990). Infectivity of Trichinella spiralis from frozen pork. J. Food 
Prot. 53: 571-573, 626. 

La Rosa, G., Marucci, G. and Pozio, E. (2003). Biochemical analysis of 
encapsulated and non-encapsulated species of Trichinella (Nematoda, 
Trichinellidae) from cold- and warm-blooded animals reveals a high genetic 
divergence in the genus. Parasitol. Res. 91: 462-466. 

http://www.efsa.eu.int 
   

36 of 51

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=6873222


   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Lindsay, D.S., Zarlenga, D.S., Gamble, H.R., Al-Yaman, F., Smith, P.C. and 
Blagburn, B.L. (1995). Isolation and characterization of Trichinella pseudospiralis 
Garkavi, 1972 from a black vulture (Coragypus atratus). J. Parasitol. 81: 920-923. 

Lötzsch, R. and Leistner, L. (1979). Überleben von Trichinella spiralis in rohwurst 
und Rohschinken in Abhängingkeit von der aW. Fleischwirtschaft 59: 231. 

MacLean, J.D., Poirier, L., Gyorkos, T.W., Proulx, J.-F., Bourgeault, A.C., Illisituk, 
S. and Staudt, M. (1992). Epidemiologic and serologic definition of primary and 
secondary trichinosis in the arctic. J. Infect. Dis. 165: 908-912. 

Malakauskas, A. and Kapel, C.M.O. (2003). Tolerance to low temperatures of 
domestic and sylvatic Trichinella spp. in rat muscle tissue. J. Parasitol. 89: 744-748. 

Margolis, H.S., Middaugh, J.P. and Burgess, R.D. (1979). Arctic trichinosis: two 
Alaskan outbreaks form walrus meat. J. Infect. Dis. 139: 102-105. 

Martinez, J., Perez-Serrano, J., Bernadina, W.E. and Rodriguez-Caabeiro, F. (2004). 
Stress response to cold in Trichinella species. Cryobiology 43: 293-302. 

Miller, I. and Järvis, T. (2003). Domestic pig as an important link of human clinical 
trichinellosis. Agraarteadus 14: 168-171. 

Modic, P. and Djordjevic, M. (1980). Influence of certain physico-chemical factors 
on the possibilities of T. spiralis larvae survival in meat products. Proc. 26th 
European meeting of meat research workers, Colorado Springs, Colo. p. 309. 

MSS, DAS, TAMU (Covington B). Freezing and thawing meat. ATM Technical 
Topics. Meat Science Section, Department of Animal Science, Texas A&M 
University. [URL: http://meat.tamu.edu]. 

Murrell, K.D. (1994). Beef as a source of trichinellosis. Parasitol. Today 10: 434. 

Murrell, K.D. and Pozio, E. (2000). Trichinellosis: the zoonosis that won’t go 
quietly. Int. J. Parasitol. 30: 1339-1349. 

Murrell, K.D., Lichtenfels, R.J., Zarlenga, D.S. and Pozio, E. (2000). The 
systematics of the genus Trichinella with a key to species. Vet. Parasitol. 93: 293-
307. 

Nagano, I., Wu, Z., Matsuo, A., Pozio, E. and Takahashi, Y. (1999). Identification 
of Trichinella genotypes by polymerase chain reaction-restriction fragment length 
polymorphism of mitochondrial cytochrome c oxidase subunit I gene. Int. J. 
Parasitol. 29: 1113-1120. 

http://www.efsa.eu.int 
   

37 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Nelson, G.S. (1970). Trichinosis in Africa. In: Gould, S.E. (ed.) Trichinosis in man 
and animals. Charles C. Thomas Publisher, Springfield, IL, USA, pp. 473-492. 

Nelson, M., Wright, T.L., Pierce, A. and Krogwold, R.A. (2003). A common-source 
outbreak of trichinosis from consumption of bear meat. J. Environ. Health 65: 16-
19, 24. 

Obendorf, D.L., Handlinger, J.H., Mason, R.W., Clarke, K.P., Forman, A.J., 
Hooper, P.T., Smith, S.J. and Holdsworth, M. (1990). Trichinella pseudospiralis 
infection in Tasmanian wildlife. Aust. Vet. J. 67: 108-110. 

Oivanen, L., Kapel, C.M., Pozio, E., La Rosa, G., Mikkonen, T. and Sukura, A. 
(2002). Associations between Trichinella species and host species in Finland. J. 
Parasitol. 88: 84-88. 

Ooi, H.K., Kamiya, M., Ohbayashi, M. and Nakazawa, M. (1986). Infectivity in 
rodents and cold resistance of Trichinella spiralis isolated from pig and polar bear, 
and T. pseudospiralis. Jpn. J. Vet. Res. 34: 105-110. 

Pawlowski, Z.S. (2002). Taenia solium: basic biology and transmission. In: Singh, 
G. and Prabhakar, S. (eds.). Taenia solium cysticercosis: from basic to clinical 
science. CABI Publishing, Wallingford, UK and New York. 

Petchsing, U. Thai-style fermented pork sausage (Nham): parasitological and 
microbiological safety. Dissertation Abstracts International, B Sciences and 
Engineering, 1986. 

Pozio, E. (1998). Trichinellosis in the European Union: epidemiology, ecology and 
economic impact. Parasitol. Today 14: 35-38. 

Pozio, E. (2000). Factors affecting the flow among domestic, synanthropic and 
sylvatic cycles of Trichinella. Vet. Parasitol. 93: 241-262. 

Pozio, E. (2001). New patterns of Trichinella infection. Vet. Parasitol. 98: 133-148. 

Pozio, E. and Kapel, C.M.O. (1999). Trichinella nativa in sylvatic wild boars. J. 
Helminthol. 73: 87-89. 

Pozio, E. and La Rosa, G. (2000). Trichinella murrelli n. sp.: etiological agent of 
sylvatic trichinellosis in temperate areas of North America. J. Parasitol. 86: 134-
139. 

Pozio, E., La Rosa, G., Rossi, P. and Fico, R. (1989). Survival of Trichinella muscle 
larvae in frozen wolf tissue in Italy. J. Parasitol. 75: 472-473. 

http://www.efsa.eu.int 
   

38 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Pozio, E., La Rosa, G., Mignone, W., Amati, M. and Ercolini, C. (1992a). 
Sopravvivenza delle larve muscolari di Trichinella britovi nei muscoli congelati di 
cinghiale. [Survival of muscle larvae of Trichinella britovi in frozen muscle tissues 
of wild boar.] Arch. Vet. Ital. 43: 57-60. [In Italian]. 

Pozio, E., La Rosa, G., Murrell, K.D. and Lichtenfels, J.R. (1992b). Taxonomic 
revision of the genus Trichinella. J. Parasitol. 78: 654-659. 

Pozio, E., La Rosa, G., Rossi, P. and Murrell, K.D. (1992c). Biological 
characterization of Trichinella isolates from various host species and geographical 
regions. J. Parasitol. 78: 647-653. 

Pozio, E., Varese, P., Gomez Morales, M.A., Croppo, G.P., Pelliccia, D. and 
Bruschi, F. (1993). Comparison of human trichinellosis caused by Trichinella 
spiralis and by Trichinella britovi. Am. J. Trop. Med. Hyg. 48: 568-575. 

Pozio, E., La Rosa, G. and Amati, M. (1994). Factors influencing the resistance of 
Trichinella muscle larvae to freezing. In: Campbell, C.W., Pozio, E., Bruschi, F. 
(Eds.), Trichinellosis. ISS Press, Rome, Italy, pp. 173-178. 

Pozio, E., La Rosa, G., Serrano, F.J., Barrat, J. and Rossi, L. (1996a). Environmental 
and human influence on the ecology of Trichinella spiralis and Trichinella britovi in 
Western Europe. Parasitology 113: 527-533.  

Pozio, E., La Rosa, G., Yamaguchi, T. and Saito, S. (1996b). Trichinella britovi 
from Japan. J. Parasitol. 82: 847-849.  

Pozio, E., Goffredo, M., Fico, R. and La Rosa, G. (1999a). Trichinella 
pseudospiralis in sedentary night-birds of prey from Central Italy. J. Parasitol. 85: 
759-761. 

Pozio, E., Owen, I.L., La Rosa, G., Sacchi, L., Rossi, P. and Corona, S. (1999b). 
Trichinella papuae n.sp. (Nematoda), a new non-encapsulated species from 
domestic and sylvatic swine of Paupua New Guinea. Int. J. Parasitol. 29: 1825-
1839. 

Pozio, E., Foggin, C.M., Marucci, G., La Rosa, G., Sacchi, L., Corona, S., Rossi, P. 
and Mukaratirwa, S. (2002). Trichinella zimbabwensis n.sp. (Nematoda), a new non-
encapsulated species from crocodiles (Crocodylus niloticus) in Zimbabwe also 
infecting mammals. Int. J. Parasitol. 32: 1787-1799. 

Pozio, E., Christensson, D., Stéen, M., Marucci, G., La Rosa, G., Bröjer, C., Mörner, 
T., Uhlhorn, H., Ågren, E. and Hall, M. (2004a). Trichinella pseudospiralis foci in 
Sweden. Vet. Parasitol. 125: 335-342. 

http://www.efsa.eu.int 
   

39 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Pozio, E., Marucci, G., Casulli, A,. Sacchi, L., Mukaratirwa, S., Foggin, C.M. and 
La Rosa, G. (2004b). Trichinella papuae and Trichinella zimbabwensis induce 
infection in experimentally infected varans, caimans, pythons and turtles. 
Parasitology 128: 333-342. 

Proulx, J.-F., MacLean, J.D., Gyorkos, T.W., Leclair, D., Richter, A.K., Serhir, B., 
Forbes, L. and Gajadhar, A.A. (2002). Novel prevention program for trichinellosis 
in Inuit communities. Clin. Infect. Dis. 34: 1508-1514. 

Ranque, S., Faugère, B., Pozio, E., La Rosa G., Tamburrini, A., Pellissier, J. F. and 
Brouqui, P. (2000). Trichinella pseudospiralis outbreak in France. Emerg. Infect. 
Dis. 6: 543-547. 

Rausch, R.L. (1970). Trichinosis in the Arctic. In: Gould, S.E. (ed.), Trichinosis in 
man and animals. Charles C. Thomas, Springfield, IL, USA, pp. 348-373. 

Robinson, J.T.R. and Chambers, P.G. (1976). Observation on cysticercosis in 
Rhodesia. II. The survival time for Cysticercus cellulosae at low temperatures 
Rhodesian Vet. J. 7: 32-35. 

Schellenberg, R.S., Tan, B.J.K., Irvine, J.D., Stockdale, D.R., Gajadhar, A.A., 
Serhir, B., Botha, J., Armstrong, C.A., Woods, S.A., Blondeau, J.M. and McNab, 
T.L. (2003). An outbreak of trichinellosis due to consumption of bear meat infected 
with Trichinella nativa, in 2 northern Saskatchewan communities. J. Infect. Dis. 
188: 835-843. 

SCVPH. (2000). Opinion of the Scientific Committee on Veterinary Measures 
relating to Public Health on the control of taeniosis/cysticercosis in man and 
animals. 27-28th September 2000. 

Shaikenov, B.S. (1992). Ecological border of distribution of Trichinella nativa 
Britov and Boev 1972 and T. nelsoni Britov and Boev 1972. Wiad. Parazytol. 38: 
85-91. 

Shaikenov, B.S. and Boev, S.N. (1983). Distribution of Trichinella species in the old 
world. Wiad. Parazytol. 29: 595-608. 

Smith, H.J. (1983). Differentiation of Trichinella spiralis spiralis and Trichinella 
spiralis nativa based on resistance to low temperature refrigeration. Can. J. Comp. 
Med.. 47: 501-502. 

Smith, H.J. (1984). Preconditioning of Trichinella spiralis nativa larvae in 
musculature to low temperatures. Vet. Parasitol. 17: 85-90. 

http://www.efsa.eu.int 
   

40 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Smith, H.J. (1985). Infectivity of Canadian isolates of Trichinella spiralis nativa for 
swine, rats and carnivores. Can. J. Comp. Med. 49: 88-90. 

Smith, H.J., Snowdon, K.E., Finley, G.G. and Laflamme, L.F. (1990). Pathogenesis 
and serodiagnosis of experimental Trichinella spiralis spiralis and Trichinella 
spiralis nativa infections in cattle. Can. J. Vet. Res. 54: 355-359. 

Sokolova, I.B. (1979). The effect of temperature on the viability of different species 
of Trichinella. Voprosy Prirodnoi Ochagovosti Bolesnei 10: 185-187. 

Solaymani-Mohammadi, S., Mobedi, I., Rezaian, M., Massoud, J., Mohebali, M., 
Hooshyar, H., Ashrafi, K. and Rokni, M.B. (2003). Helminth parasites of the wild 
boar, Sus scrofa, in Luristan province, western Iran and their public health 
significance. J. Helminthol. 77: 263-267. 

Soulsby, E.J.L. (1982). Helminths, arthropods and protozoa of domesticated 
animals. 7th Ed. Lea & Febiger, Philadelphia. 

Steel, J.H. (1970). Epidemiology and Control of Trichinosis. In: Gould, S.E. (ed.). 
Trichinosis in man and animals. Charles C. Thomas, Springfield, IL, USA, p. 504. 

Sukura, A., Näreaho, A., Veijalainen, P. and Oivanen, L. (2001). Trichinellosis in 
farmed wild boar: meat inspection findings and seroprevalence. Parasite 8: S243-
S245. 

Takacs, A. (1997). Contribution to the helminth infestations in wild boar (Sus scrofa 
L.) in Hungary. Wien. Tierarztl. MonSchr. 84, 314-316. 

Theodoropoulos, G., Kapel, C.M.O., Webster, P., Saravanos, L., Zaki, J. and 
Koutsotolis, K. (2000). Infectivity, predilection sites, and freeze tolerance of 
Trichinella spp. in experimentally infected sheep. Parasitol. Res. 86: 401-405. 

U.S. Department of Agriculture. Code of Federal Regulations. (1990). Animals and 
animal products. Title 9, Chapter III, 318.10. Vol. 9, pp.212-220. Office of the 
Federal Register, Government Printing Office, Washington, DC. [Available at the 
URL: http://ecfr.gpoaccess.gov/e/ecfr/ecfrbrowse/Title09/9cfr318_main_02.html]. 

Van Sprang, A.P. (1983). Chances of survival of some foodborne parasites in meat 
and meat products. De Ware(n)-Chemicus 13: 1-6. 

Van der Giessen, J.W.B., Fonville, M., de Vries, A., Briels, I., van Eckerveld, M. 
and Teunis, P. (2004). Epidemiology of Trichinella in wildlife in the Netherlands 
and the first isolation of T. pseudospiralis. Proceedings (Abstract), XI International 
Conference on Trichinellosis, August 8-12, 2004, San Diego, USA. 

http://www.efsa.eu.int 
   

41 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
Wang, I.C., Chung, W.C., Lu, S.C. and Fan, P.C. (2000). Rodent model for long-
term maintenance and development of the viable cysticerci of T. saginata asiatica. 
Korean J. Parasitol. 38: 237-244,  

Wang, Z.Q., Cui, J., Wu, F., Mao, F.R. and Jin, X.X. (1998). Epidemiological, 
clinical and serological studies on trichinellosis in Henan Province, China. Acta 
Trop. 71: 255-268. 

Webster, P., Malakauskas A. and Kapel, C.M. (2002). Infectivity of Trichinella 
papuae for experimentally infected red foxes (Vulpes vulpes). Vet. Parasitol. 105: 
215-218.  

Worley, D.E., Seesee, F.M., Espinosa, R.H. and Sterner, M.C. (1986). Survival of 
sylvatic Trichinella spiralis isolates in frozen tissue and processed meat products. J. 
Am. Vet. Med. Assoc. 189: 1047-1049. 

Wu, Z., Nagano, I, Pozio, E. and Takahashi, Y. (1999). Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) for the identification of 
Trichinella isolates. Parasitology 118: 211-218. 

Zimmermann, W.J. and Beach, P.J. (1982). Efficacy of microwave cooking for 
devitalizing trichinae in pork roasts and chops. J. Food Prot. 45: 405-409. 

Zimmermann, W.J., Olson, D.G., Sandoval, A. and Rust, R.E. (1984). The efficacy 
of freezing in eliminating infectivity of Trichinella spiralis in boxed pork products. 
J. Food Prot. 48: 196-199. 

 

http://www.efsa.eu.int 
   

42 of 51



   

       The EFSA Journal (2004) 142, 1-51, “Suitability and details of freezing methods 
to allow human consumption of meat infected with Trichinella or Cysticercus” 

 
7. APPENDIX 

 

Table 2 - Inactivation of Trichinella spiralis larvae in pig meat by freezing 
 

I) Required time/temperature combinations of freezing 
 

References 

Freezer temperature Group 1 
(≤ 15 cm thickness) 

Group 2 
(≥ 15 cm thickness, 
≤ 68 cm thickness) 

 
°F/°C Days Days 
5/-15 20 30 

-10/-23 10 20 
-20/-29 6 12 

Gamble et al., 
2000; U.S. 

Department of 
Agriculture, 

Code of Federal 
Regulations, 

1990; Australian 
Government, 

2004 

II) Temperature/time combinations for killing Trichinella 
spiralis in pig meat by controlled freezing temperatures at 
the center of the meat pieces 

Minimum internal temperature Minimum time 
°F 
 

°C (hours) 

0 -17.8 106 
-5 -20.6 82 
-10 -23.3 63 
-15 -26.1 48 
-20 -28.9 35 
-25 -31.7 22 
-30 -34.5 8 

 
 
 
 
 

Gamble et al., 
2000; U.S. 

Department of 
Agriculture, 

Code of Federal 
Regulations, 

1990; Australian 
Government, 

2004 
-35 -37.2 0.5  
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Table 3 - Main host species and country of origin of Trichinella nativa (modified 
from Dick and Pozio, 2001)  

Host name Scientific name Country of origin 

polar bear Ursus maritimus Alaska, Canada, 
Greenland, Norway 
(Svalbard Islands) 

brown bear Ursus arctos arctos and 
Ursus arctos horribilis 

Estonia, Finland, Russia 

corsac fox Vulpes corsac Kazakhstan 

arctic fox Alopex lagopus Canada, Estonia, 
Greenland 

red fox Vulpes vulpes Canada, Estonia, 
Finland, France, Norway, 
Poland, Russia, Sweden, 
Kazakhstan, 
Kirghizistan, Tajikistan 

red fox Vulpes vulpes schrencki Japan 

raccoon dog Nyctereutes 
procyonoides 

Estonia, Finland, Russia 

wolf Canis lupus Canada, Estonia, 
Finland, Russia 

jackal Canis aureus Kazakhstan 

tiger Panthera tigris Russia 

lynx Felis lynx Estonia, Finland, Russia 

far eastern forest cat Felis euptilura Russia 

walrus Odobenus rosmarus Canada 

bearded seal Erignathus barbatus Canada 

ringed seal Phoca hispida Canada 

beluga whale Delphinopterus leucus Canada 

badger Meles meles Estonia, Russia 

ermine Mustela erminea Russia 

Siberian weasel Mustela sibirica Russia 
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Table 3 – (continued) 

Host name Scientific name Country of origin 

marten Martes americana Alaska 

glutton Gulo luscus Russia 

domestic dog Canis familiaris Northern China, 
Greenland, Kazakhstan 

domestic cat Felis domestica Northern China 

wild boar Sus scrofa (fera) Estonia, Russia 

domestic pig Sus scrofa (domestica) Northern China 

man Homo sapiens Canada, Greenland, 
US (Alaska) 

 

Table 4 - Main host species and country of origin of Trichinella T6 (modified from 
Dick and Pozio, 2001)  

Host name Scientific name Country of origin 

black bear Ursus americanus US (Montana), Canada 

grizzly bear Ursus arctos horribilis US (Montana) 

gray wolf Canis lupus US (Montana) 

coyote Canis latrans US 

mountain lion Felis concolor US (Idaho, Montana) 

bobcat Lynx rufus US 

wolverine Gulo gulo US (Montana) 

fisher Martes pennanti US (Montana) 

gray fox Urocyon cinereoargenteus US (Pennsylvania) 

man Homo sapiens US (Idaho, Ohio) 
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Table 5 - Main host species and country of origin of Trichinella britovi (modified 
from Dick and Pozio, 2001)  

Host name Scientific name Country of origin 

red fox Vulpes vulpes vulpes Azerbaijan, Bulgaria, 
Estonia, France, 
Germany, Italy, 
Kazakhstan, Netherlands, 
Norway, Poland, 
Slovakia, Spain, Sweden, 
Switzerland 

brown bear Ursus arctos Italy, Slovakia 

black bear Ursus tibethanus 
japonicus 

Japan 

wolf Canis lupus Estonia, Finland, Italy, 
Spain, Sweden 

golden jackal Canis aureus Azerbaijan, Kazakhstan 
Georgia, Iran,  

lynx Lynx lynx Estonia, Switzerland 

wild cat Felis sylvestris Italy, Kazakhstan 

raccoon dog Nycteuretes 
procyonoides viverrinus 

Estonia, Finland, Japan 

beech marten Martes foina Italy 

badger Meles meles Italy 

marten Martes martes Georgia 

shrew mice Sorex araneus Poland 

lesser shrew Sorex minutus Poland 

brown rat Rattus norvegicus Italy 

black rat Rattus rattus Italy 

domestic cat Felis domestica Italy 

domestic dog Canis familiaris Italy, Switzerland 

wild boar Sus scrofa (fera) Estonia, France,Italy, 
Netherlands, Spain 
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Table 5 – (continued) 

Host name Scientific name Country of origin 

domestic pig Sus scrofa (domestica) Byelorussia, Croatia, 
Estonia, France, Italy, 
Macedonia, Spain 

horse Equus caballus former Yugoslavia, 
Mexico 

man Homo sapiens France, Italy, Slovakia, 
Spain 

 

 Table 6 - Freezing resistance of some Trichinella species in muscle tissues of 
several hosts 

 
Trichinella nativa 
Host species Donor 

species 
Survival 

@ °C 
Survival 

time 
Inactivated 

after 
Meat size 

cm 
Reference 

polar bear  -18 60m   Dick and Pozio, 2001 
arctic fox  -18 48m   Kapel et al., 1999 
arctic fox  -18 20m   Dick, 1983 

polar bear  -15 12m   
Dick and Belosevic, 

1978 
raccoon arctic fox -15 270d   Dick, 1983 
grey seal  -18 8w   Kapel et al., 2003 
fox  nm high   Webster et al., 2002 
fox  -32 44d   Smith, 1984 
fox  -45 37d   Smith, 1984 
wolf  -32 >72h  10g Smith, 1983 
dog  -15 / -22 11-39d   Cui and Wang, 2001 
mouse  -12 189d  mouse Sokolova, 1979 
mouse  -30 1.5-2.5d   Pozio et al., 1994 
mouse ICR polar bear -20 30d  diaphragma Ooi et al., 1986 
mouse  polar bear -18 24-36m   Kjos-Hanssen, 1984 

rat  -18 >1w <4w  
Malakauskas and 

Kapel, 2003 
pig (domestic, 
wild boar)  -18 <1w   

Kapel et al., 2004 
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Table 6 – (continued) 

 
Trichinella T6 
Host species Donor 

species 
Survival 

@ °C 
Survival 

time 
Inactivated 

after 
Meat size 

cm 
Reference 

grizzly bear  -20 34m   Worley et al., 1986 
fox  -5 >4w  100g Kapel et al., 2004 
fox  -18 >1w <4w  100g Kapel et al., 2004 
pig (domestic, 
wild boar)  -5 >4w  100g Kapel et al., 2004 
pig (domestic, 
wild boar)  -18 >1w <4w  100g Kapel et al., 2004 
mouse  -5 <1w  100g Kapel et al., 2004 
Trichinella britovi 
Host species Donor 

species 
Survival 

@ °C 
Survival 

time 
Inactivated 

after 
Meat size 

cm 
Reference 

fox  -15 11m   Dick and Pozio, 2001 
wolf  -20 6m   Pozio et al., 1989 
horse  -18 >4w   Kapel et al., 2004 
wild boar  -20 3w 4w  Pozio et al., 1992 

rat  -18 <1w   
Malakauskas and 

Kapel, 2003 
pig (domestic, 
wild boar) 

 -18 <1w   Kapel et al., 2004 

rat  -18 <1w   
Malakauskas and 

Kapel, 2003 
mouse  -10 5   Pozio et al., 1994 
mouse wolf -10 <5d   Pozio et al., 1989 
mouse  -30 1.0d   Pozio et al., 1994 

mouse  -30 0d   
Murrell et al., 2000; 

Pozio et al., 1994 
fox  nm mod   Webster et al., 2002 
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Table 6 – (continued) 

 
Trichinella spiralis 
Host species Donor 

species 
Survival 

@ °C 
Survival 

time 
Inactivated 

after 
Meat size 

cm 
Reference 

domestic pig  -23 24h   Petchsing, 1986 
domestic pig  -17.8 106h  meat prod. Gamble, 1997 
domestic pig  -20.6 82h  meat prod. Gamble, 1997 
domestic pig  -23.3 63h  meat prod. Gamble, 1997 
domestic pig  -26.1 48h  meat prod. Gamble, 1997 
domestic pig  -28.9 35h  meat prod. Gamble, 1997 
domestic pig  -34.5 8h  meat prod. Gamble, 1997 
domestic pig  -37.2 0.5h  meat prod. Gamble, 1997 
fox  nm low   Webster et al., 2002 

lamb mouse -18 4w  1 cm 
Theodoropoulos et 

al., 2000 

mouse  pig -17.8 5d 10d 1.7 
Zimmermann et al., 

1984 

mouse  pig -9.4 30d  12.7 
Zimmermann et al., 

1984 
mouse  -30 0d   Pozio et al., 1994 
mouse  -12 4d  mouse Sokolova, 1979 
mouse ICR pig -20 1d  diaphragma Ooi, 1986 
pig  -32  48h 10g Smith, 1983 
pig  -20  48min  Kotula et al., 1990 

rat  -18 <1w   
Malakauskas and 

Kapel, 2003 

rat  -20 60d   
Malakauskas and 

Kapel, 2003 

rat  -15 30h   
Barrientos and 
Torres, 1982 

horse  -18 >4w  100g Kapel et al., 2004 
Trichinella pseudospiralis 
Host species Donor 

species 
Survival 

@ °C 
Survival 

time 
Inactivated 

after 
Meat size 

cm 
Reference 

lamb mouse -18 4w  1 cm 
Theodoropoulos et 

al., 2000 
fox  nm low   Webster et al., 2002 
mouse  -12 3d  mouse Sokolova, 1979 
mouse  -30 0d   Pozio et al., 1994 
mouse ICR racoon -20 1d  diaphragma Ooi et al., 1986 

rat  -18 <1w   
Malakauskas and 

Kapel, 2003 
horse  -18 >4w  100g Kapel, et al., 2004 
 
nm = not mentioned 
d = day, w = week, m = month, h = hour 
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Table 7 - Heat inactivation (‘conventional’ heating) of Trichinella spiralis in pork 

 
Heat treatment 
 

References 

I) Heating up until a core temperature has been reached for a complete 
kill of T. spiralis 
 
Conventional oven  
 
      -    66 oC  (oven 162 oC) 

 
Kotula et al., 1982  

 
 
      -    60 – 70 oC  

 
Hird and Pullen, 1979; 

Lötzsch and Leistner, 1979 
 

 
      -    70 oC  
 

 
Van Sprang, 1983 

 
Microwave oven 
 
      -    77 oC 
 

 
Kotula et al., 1983 

II) Temperature/time combinations for a complete kill of T. spiralis 
after the indicated core-temperature has been reached 

 
- 55 °C for 15 minutes 
 

Otto and Abrams, 1939; 
Podhajecky, 1964 

 
- 52 °C for 47 minutes  
- 55 °C for 6 minutes  
- 60 °C for < 1 minute  
 

Gamble, Internet URL : 
http://www.aphis.usda.gov/vs/trichinae

/docs/fact_sheet.htm 

 
- 49 °C for 21 hours 
- 50 °C for 9.5 hours  
- 52.2 °C for 2 hours 
- 54.5 °C for 30 minutes  
- 56.7 °C for 6 minutes  
- 58.9 °C for 2 minutes  
- 60.0 °C for 1 minute  
- 62.2 °C instantaneous 

 
Gamble et al., 2000; International 

Commission on Trichinellosis, Internet 
URL: http://www.med.unipi.it/ict/ICT 

Recommendations for 
Control.English.pdf; 

U.S. Department of Agriculture, Code 
of Federal Regulations, 1990 
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