Annex 8

Regional Reports

The experts were grouped into seven geographical regions and were asked to
prepare and bring to the meeting regional information that considered the current
overall quantity and quality of data at the regional and global levels; burden of
disease and food attribution; data on parasite prevalence; incidence and concentra-
tion in the main food categories; agri-food trade; consumer perception; social sen-
sitivity; and risk management options. These reports were used by the experts in
their deliberations during the meeting. The seven geographical regions represented
were Africa, Asia, Pacific (primarily Australia), Europe, Near East, North America
and South America. What little that was available for Central America was added
to the North America section.

Note on information sources: The references for the Asia regional report were
revised after the meeting, and a few were updated (2013).

Note on taxonomy: There has been confusion concerning the causative agent of
giardiasis, and it has variously been named as Giardia duodenalis, Giardia lamblia
or Giardia intestinalis. The general consensus is that the parasite should be identi-
fied as Giardia duodenalis, with Giardia lamblia and Giardia intestinalis considered

synonyms.
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ANNEX 8.1- AFRICA

A8.1.1Introduction

The group members (Erastus Kangethe, Kenya; Allal Dakkak, Morocco; and
Samson Mukaratirwa, South Africa) were responsible for collating data on food-
borne parasites relevant to the African region, deriving the information from the
proposed list and based on their experiences and information available in the liter-
ature. Communication and exchange of information among members of the group
was through e-mail.

Samson Mukaratirwa, as the Group leader, was responsible for compiling the con-
tributions from members, following the specific guidelines from the Secretariat of
the FAO/WHO Joint Expert Meetings on Risk Assessment (JEMRA).

A8.1.2 Data availability in humans, and food attribution

To some extent data is available on the prevalence of Taenia solium, T. saginata,
Echinococcus granulosus and Toxoplasma gondii, but not enough to quantify the
burden of the disease in humans in the region. In many African countries there is
virtually no data on prevalence in humans, and there is a general lack of surveil-
lance systems, which leads to no availability of data to quantify the burden of the
disease. With the advent of the HIV-AIDS pandemic in sub-Saharan Africa there
are reports of cases of cryptosporidiosis and toxoplasmosis, but mainly in immu-
no-compromised individuals. Efforts have been made in the last decade to estimate
the burden of T. solium cysticercosis in sub-Saharan Africa, with some success in
Cameroon and South Africa, and in Africa as whole the burden of ascariasis and
trichuriasis has been estimated.

For other foodborne parasites, more prevalence studies are needed to quantify the
disease burden. in humans Although parasites like Toxoplasma gondii, Giardia
spp., Cryptosporidium spp. and Trichinella spp. have a global importance, they are
still very much underreported in Africa, either because of lack of prioritization by
relevant authorities or by being overshadowed by the importance of other parasites,
such as Plasmodium spp. There is need to collect data on the prevalence of these
parasites in order to estimate the burden of the disease in the region, especially for
neglected rural communities, where the prevalence is assumed to be very high.
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Sources used for Table A8.1.1:

o1

02.

03.

04.

05.

06.

07.

08.

09.

O’Neal, S.E., Townes, J.M., Wilkins, P.P., Noh, J.C., Lee, D., Rodriguez, S., Garcia, H.H. &
Stauffer, W.M. 2012. Seroprevalence of antibodies against Taenia solium cysticerci among
refugees re-settled in United States. Emerging Infectious Diseases, 18(3): 431-438.

Zoli, A., Shey-Njila, O., Assana, E., Nguekam, J.P. , Dorny, P., Brandt, J. & Geerts, S.
2003. Regional status, epidemiology and impact of Taenia solium cysticercosis in Western
and Central Africa. Acta Tropica, 87(1) 35-42.

Phiri, I.K., Ngowi, H., Afonso, S. and 16 others. 2003. The emergence of Taenia solium
cysticercosis in Eastern and Southern Africa as a serious agricultural problem and public
health risk. Acta Tropica, 87(1): 13-23.

Carabin, H., Krecek, R.C., Cowan, L.D., Michael, L., Foyaca-Sibat, H., Nash, T. &
Willingham, A.L. 2006. Estimation of the cost of Taenia solium cysticercosis in Eastern
Cape Province, South Africa. Tropical Medicine & International Health, 11(6): 906-916.

Praet, N., Speybroeck, N., Manzanedo, R., Berkvens, D., Nforninwe, D.N., Zoli, A.,
Quet, F., Preux, P.M., Carabin, H. & Geerts, S. 2009. The Disease Burden of Taenia solium
Cysticercosis in Cameroon. PLOS Neglected Tropical Diseases, 3(3): Art. No. e406.

Newell, E., Vyungimana, F., Geerts, S., VanKerckhoven, ., Tsang, V.C.W. & Engels, D.
1997. Prevalence of cysticercosis in epileptics and members of their families in Burundi.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 91(4): 389-391.

Pawlowski, Z., Allan, J. & Sarti, E. 2005. Control of Taenia solium taeniasis/cysticercosis:
From research towards implementation. International Journal for Parasitology, 35(11-
12):1221-1232.

Gajadhar, A.A., Scandrett, W.B. & Forbes, L.B. 2006. Overview of food- and water-borne
zoonotic parasites at the farm level. Revue Scientifique et Technique de I’OIE, 25(2): 595-
606.

Biu, A.A. & Hena, S.A. 2008. Prevalence of human Taeniasis in Maiduguri, Nigeria.
International Journal of Biomedical and Health Sciences, 4(1): 25-27; Karrar, Z.A. &
Rahim, F.A. 1995. Prevalence and risk-factors of parasitic infections among under-5
Sudanese children - a community-based study. East African Medical Journal, 72(2): 103~
109.

Benazzou, S., Arkha, Y., Derraz, S., El Ouahabi, A. & El Khamlichi, A. 2010. Orbital
hydatid cyst: Review of 10 cases. Journal of Cranio-Maxillofacial Surgery, 38(4): 274-278.

Knight-Jones, T.J.D., Mylrea, G.E. & Kahn, S. 2010. Animal production food safety:
priority pathogens for standard setting by the World Organisation for Animal Health.
Revue Scientifique et Technique OIE, 29(3): 523-535.

Magambo, J., Njoroge, E. & Zeyhle, E. 2006. Epidemiology and control of echinococcosis
in sub-Saharan Africa. Parasitology International, 55(Suppl.): S193-S195.

Elmahdi, I.E., Ali, Q.M., Magzoub, M.M.A., Ibrahim, A.M., Saad, M.B. & Romig, T.
2004. Cystic echinococcosis of livestock and humans in central Sudan. Annals of Tropical
Medicine and Parasitology, 98(5) 473-479; Mersie, A. 1993. Survey of echinococcosis in
eastern Ethiopia. Veterinary Parasitology, 47(1-2): 161-163.

Dakkak, A. 2010. Echinococcosis/hydatidosis: A severe threat in Mediterranean
countries. Veterinary Parasitology, 174(1-2): 2-11.

Romig, T., Omer, R.A., Zeyhle, E., Huttner, M., Dinkel, A., Siefert, L., Elmahdi, I.E.,
Magambo, J., Ocaido, M., Menezes, C.N., Ahmed, M.E., Mbae, C., Grobusch, M.P. &
Kern, P. 2011. Echinococcosis in sub-Saharan Africa: Emerging complexity. Veterinary
Parasitology, 181(1 - Special Issue): 43-47.

Jenkins, D.J., Romig, T. & Thompson, R.C.A. 2005. Emergence/re-emergence of
Echinococcus spp. - a global update. International Journal for Parasitology, 35(11-

12): 1205-1219; Matossian, R.M., Rickard, M.D. & Smyth, J.D. 1977. Hydatidosis: a global
problem of increasing importance. Bulletin WHO, 55(4): 499-507
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17.

18.

19.

21.

22.

23.

24.

26.

27.

28.

31

33.

Battelli, G. 2009. Echinococcosis: costs, losses and social consequences of a neglected
zoonosis. Veterinary Research Communications, 33: S47-552; Budke, C.M., Deplazes, P.
& Torgerson, P.R. 2006. Global socioeconomic impact of cystic echinococcosis. Emerging
Infectious Diseases, 12(2): 296-303; Torgerson, P.R. 2010. Financial burdens and
Disability-Adjusted Life Years in echinococcosis. pp. 1373-1389 (Pt 2, 2.5), in: V.R. Preedy
and R.R. Watson (editors). Hand book of diseases burden and quality of life measures.
Springer Reference.

Dubey, J.P., Tiao, N., Gebreyes, W.A. & Jones, J.L. 2012. A review of toxoplasmosis

in humans and animals in Ethiopia. Epidemiology and Infection , 140(11): 1935-1938;
Bisvigou, U., Mickoto, B., Ngoubangoye, B., Mayi, T.S., Akue, J.P. & Nkoghe, D. 2009.
Seroprevalence of toxoplasmosis in a rural population in south-eastern Gabon. Parasite
- Journal de la Societe Francaise de Parasitologie, 16(3): 240-242; Joubert, J.J. & Evans,
A.C.1997. Current status of food-borne parasitic zoonoses in South Africa and Namibia.
Southeast Asian Journal of Tropical Medicine and Public Health, 28(Suppl. 1): 7-101.

Lucas, S.B., Hounnou, A., Peacock, C. and 15 others. 1993. The mortality and pathology of
HIV infection in a West African city. AIDS, 7(12): 1569-1579.

Bogaerts, J., Lepage, P., Rouvroy, D. & Vandepitte, J. 1984. Cryptosporidium spp.,

a frequent cause of diarrhea in central Africa. Journal of Clinical Microbiology,

20(5): 874-876; Peng, M.M., Meshnick, S.R., Cunliffe, N.A., Thindwa, B.D.M., Hart,
C.A., Broadhead, R.L. & Xiao, L.H. 2003. Molecular epidemiology of cryptosporidiosis

in children in Malawi. Journal of Eukaryotic Microbiology, 50(Suppl.): 557-559; Samie,
A., Bessong, P.O., Obi, C.L., Sevilleja, J.E.A.D., Stroup, S., Houpt, E. & Guerrant, R.L.
2006. Cryptosporidium species: Preliminary descriptions of the prevalence and genotype
distribution among school children and hospital patients in the Venda region, Limpopo
Province, South Africa. Experimental Parasitology, 114(4): 314-322.

Savioli, L. & Thompson, A. 2006. Giardia and Cryptosporidium join the ‘Neglected
Diseases Initiative’. Trends in Parasitology, 22(5): 203-208.

Gaash, B. 2006. Cryptosporidiosis. Indian Journal for the Practising Doctor, 3(1): 2006-03
-2006-04. [Online; see http://www.indmedica.com/journals.php?journalid=3&issueid=7
4&articleid=955&action=article ]

Dupouy-Camet, J., Lecam, S., Talabani, H. & Ancelle, T. 2009. Trichinellosis acquired
in Senegal from warthog ham, March 2009. Eurosurveillance, 14(21): 63-64 [Art. No.
192207];

Pozio, E. 2007. World distribution of Trichinella spp. infections in animals and humans.
Veterinary Parasitology, 149(1-2 Special Issue): 3-21.

Dupouy-Camet, J. 2000. Trichinellosis: a worldwide zoonosis. Veterinary Parasitology,
93(3-4): 191-200.

WHO (World Health Organization). 2008. The global burden of disease: 2004 update.
Available at: http://www.who.int/healthinfo/global_burden_disease/2004_report_
update/en/

Haburchak, D.R. 2011. Ascariasis - Pathophysiology. [Online Medscape antry; dated
2011-11-21; accessed 2013-05-31] See: http://emedicine.medscape.com/article/212510-
overview#a0104

Jiraanankul, V., Aphijirawat, W., Mungthin, M., Khositnithikul, R., Rangsin, R., Traub,
R.J., Piyara,j P., Naaglor, T., Taamasri, P. & Leelayoova, S. 2011. Incidence and risk factors
of hookworm infection in a rural community of central Thailand. American Journal of
Tropical Medicine and Hygiene, 84(4): 594-598.

Palmer, P.E.S. & Reeder, M.M. [2008]. The Imaging of Tropical Diseases. See Chapter
12. Online - see http://tmcr.usuhs.mil/tmcr/staff.htm. Originally published by Springer-
Verlag, Berlin, Germany.

ANNEX 8 - REGIONAL REPORTS 177



TABLE A8.1.2 Data availability for parasite prevalence or concentration in the main food
categories for Africa

Taenia saginata
Beef Yes -9
Game Yes 6-91

Echinococcus granulosus

Beef Yes [0

Game Yes M

Other Yes ' Caprid meat

Taenia solium

Pork Yes [-53]

Fruits Yes [*IContaminated with T. solium eggs.

Vegetables Yes -5 Contaminated with T. solium eggs.

Other Yes "IDrinking water contaminated with T. solium eggs.

Sources for Table A8.1.2:

1. (Reg.) Phiri, I.K., Ngowi, H., Afonso, S. and 16 others. 2003. The emergence of Taenia
solium cysticercosis in Eastern and Southern Africa as a serious agricultural
problem and public health risk. Acta Tropica, 87(1): 13-23.

2.(Reg.) Krecek, R.C., Michael, L.M., Schantz, P.M., Ntanjana, L., Smith, M.F., Dorny, P.,
Harrison L.J.S., Grimm, F., Praet, N. & Willingham lll, A.L. 2008. Prevalence of
Taenia solium cysticercosis in swine from a community-based study in 21 villages of
the Eastern Cape Province, South Africa. Veterinary Parasitology, 154(1-2): 38-47.

3.(Reg.) Ekong, P.S., Juryit, R., Dika, N.M., Nguku, P. & Musenero, M. 2012. Prevalence
and risk factors for zoonotic helminth infection among humans and animals - Jos,
Nigeria, 2005-2009. The Pan African Medical Journal, 2012;12:6 [Online -- see
http://www.panafrican-med-journal.com/content/article/12/6/full/ ].

4.(Reg.) Ngowi, H.A., Kassuku, A.A., Maeda, G.E.M., Boa, M.E. & Willingham, A.L. 2004.
A slaughter slab survey for extra-intestinal porcine helminth infections in northern
Tanzania. Tropical Animal Health and Production, 36(4): 335-340.

5.(Global) Knight-Jones, T.J.D., Mylrea, G.E. & Kahn, S. 2010. Animal production food safety:
priority pathogens for standard setting by the World Organisation for Animal
Health. Revue Scientifique et Technique OIE, 29(3): 523-535.

6.(Reg.)  Dorny, P., Phiri, |., Gabriel, S., Speybroeck, N. & Vercruysse, J. 2002. A sero-
epidemiological study of bovine cysticercosis in Zambia. Veterinary Parasitology,
104(3): 211-215.

7. (Reg.) Tolosa, T., Tigre, W., Teka, G. & Dorny, P. 2009. Prevalence of bovine cysticercosis
and hydatidosis in Jimma municipal abattoir, South West Ethiopia. Onderstepoort
Journal of Veterinary Research, 76(3): 323-326.

8. (Reg.) Ejima, I.A. & Uma, J.0. 2007. Taenia saginata (Goeze, 1782) in cattle slaughtered in
Idah Metropolis, Kogi State, Nigeria. The Zoologist, 5: 8-15.

9. (Global) Gajadhar, A.A., Scandrett, W.B. & Forbes, L.B. 2006. Overview of food- and water-
borne zoonotic parasites at the farm level. Revue Scientifique et Technique de I’OIE,
25(2): 595-606.

10. (Reg.) Elmahdi, I.E., Ali, Q.M., Magzoub, M.M.A., Ibrahim, A.M., Saad, M.B. & Romig,
T. 2004. Cystic echinococcosis of livestock and humans in central Sudan. Annals of
Tropical Medicine and Parasitology, 98(5) 473-479.

11.(Reg.)  Huttner, M., Siefert, L., Mackenstedt, U. & Romig, T. 2009. A survey of
Echinococcus species in wild carnivores and livestock in East Africa. International
Journal for Parasitology, 39(11): 1269-1276.
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A8.1.3 Agri-food trade

Most of the above parasites have minor regional or global trade implications,
except for T. solium, Trichinella spp. in pork and pork products, and T. saginata
in beef and beef products, which do have trade implications. In most countries,
carcasses may not be released even for the domestic market unless they have been
inspected and/or tested to ascertain absence of infection.

A8.1.4 Consumer perception

Because of lack of public awareness campaigns and education concerning the
risks of eating certain foods, especially meat and meat products, in many African
countries, consumers in Africa are ignorant of the prevalent of foodborne parasites.
To some extent, consumers in some countries are aware of T. solium and saginata
cysticercosis, but in some cases they are ignorant of the importance of meat in-
spection and hygiene. In some countries, consumers are aware of the effects of
hydatid cysts of Echinococcus granulosus but are ignorant of not how the parasite
is transmitted. The risk of human infection from infected meat and vegetables is
reduced by cooking, which destroys the pathogen, because of the reduced use of
raw vegetables this has limited transmission.

A8.1.5 Social sensitivity

Neurocysticercosis due to T. solium infection is one of the main causes of epilepsy
in rural African communities. This comes with social stigma for those affected
by the parasite. Another disease that might have social sensitivity in the African
context is congenital toxoplasmosis, which might cause abortions and foetal de-
formities, creating a variety of social problems within a community. The disease
has substantial global impact in terms of disability adjusted life years (DALYs) and
monetary losses. Furthermore, in most reports, between 1 and 2 hydatid cysts in
humans are fatal, depending on their location, and the DALY are substantial.

T. solium, T. saginata and E. granulosus are considered to have economic impact
when it comes to monetary loss due to carcass devaluation or condemnation,
which is recognized by a lot of the people. This affects not only human and animal
health directly, but also agriculture in general.
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A8.1.6 Risk management

TABLE A8.1.3 Data availability for risk management options for main parasite-com-
modity combinations in Africa.

NOTE: The authors were asked to consider all combinations of the particular parasite and the main food categories, namely
Beef, Dairy, Pork, Poultry, Game, Seafood, Fruit, Vegetables and Other.

Cryptosporidium spp.

Beef Yes [9]
Fruits Yes [12,13]
Vegetables Yes [12,13]
Other Yes [12,13]

Echinococcus granulosus
Beef
Other Yes [9-11]

Taeniasolium
Pork Yes [1-4]
Other Yes [1-4]

Taenia saginata
Beef Yes [6]
Pork Yes [5]
Other Yes [5, 6]

Trichinellaspiralis
Pork Yes [7, 8]
Game Yes [7, 8]

Sources used for Table A8.1.3:

o1

02.

03.

04.

05.

06.

Sikasunge, C.S., Phiri, I.K., Phiri, A.M., Dorny, P., Siziya, S. & Willingham, A. L. lll.
2007. Risk factors associated with porcine cysticercosis in selected districts of Eastern
and Southern provinces of Zambia. Veterinary Parasitology, 143(1): 59-66.

Mkupasi, E.M., Ngowi, H.A. & Nonga, H.E. 2011. Prevalence of extra-intestinal porcine
helminth infections and assessment of sanitary conditions of pig slaughter slabs in Dar
es Salaam city, Tanzania. Tropical Animal Health and Production, 43(2): 417-423.
Krecek, R.C., Mohammed, H., Michael, L.M., Schantz, P.M., Ntanjana, L., Morey, L.,
Werre, S.R. & Willingham, A.L. lll. 2012. Risk factors of porcine cysticercosis in the
eastern Cape Province, South Africa. PLOS ONE, 7(5): Art. no. e37718 [Online].

Gweba, M., Faleke, 0.0., Junaidu, A.U., Fabiyi, J.P. & Fajinmi, A.O. 2010. Some risk
factors for Taenia solium cysticercosis in semi-intensively raised pigs in Zuru, Nigeria.
Veterinaria Italiana, 46(1): 57-67.

Cabaret, J., Geerts, S., Madeline, M., Ballandonne, C. & Barbier, D. 2002. The use

of urban sewage sludge on pastures: the cysticercosis threat. Veterinary Research,
33(5): 575-597.

Skjerve, E. 1999. Possible increase of human Taenia saginata infections through import
of beef to Norway from a high prevalence area. Journal of Food Protection, 62(11): 1314~
1319.
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07.

08.

09.

10.

1.

12.

13.

Theodoropoulos, G., Theodoropoulou, H., Skopelitis, G. & Benardis, K. 2009.
Assessment of swine farms in Greece in relation to the risk of exposure of pigs to
Trichinella. Preventive Veterinary Medicine, 89(3-4): 277-281.

Alban, L., Boes, J., Kreiner, H., Petersen, J.V. & Willeberg, P. 2008. Towards a risk-
based surveillance for Trichinella spp. in Danish pig production. Preventive Veterinary
Medicine, 87(3-4): 340-357.

Buishi, I.E., Njoroge, E.M., Bouamra, O. & Craig, P.S. 2005. Canine echinococcosis

in northwest Libya: Assessment of coproantigen ELISA, and a survey of infection with
analysis of risk-factors. Veterinary Parasitology, 130(3-4): 223-232.

Takumi, K., Hegglin, D., Deplazes, P., Gottstein, B., Teunis, P. & Van Der Giessen, J.
2012. Mapping the increasing risk of human alveolar echinococcosis in Limburg, The
Netherlands. Epidemiology and Infection, 140(5): 867-871.

Pavlin, B.l., Schloegel, L.M. & Daszak, P. 2009. Risk of importing zoonotic diseases
through wildlife trade, United States. Emerging Infectious Diseases, 15(11): 1721-1726.
Kimani, V.N., Mitoko, G., McDermott, B., Grace, D., Ambia, J., Kiragu, M.W., Njehu,
A.N., Sinja, J., Monda, J.G. & Kang’ethe, E.K. 2012. Social and gender determinants of
risk of cryptosporidiosis, an emerging zoonosis, in Dagoretti, Nairobi, Kenya. Tropical
Animal Health and Production, 44(Suppl. 1): S17-S23.

Grace, D., Monda, J., Karanja, N., Randolph, T.F. & Kang’ethe, E.K. 2012. Participatory
probabilistic assessment of the risk to human health associated with cryptosporidiosis
from urban dairying in Dagoretti, Nairobi, Kenya. Tropical Animal Health and Production,
44(Suppl. 1): S33-540.
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ANNEX 8.2 - ASIA
A8.2.1 Introduction

Foodborne Parasitic diseases are widely distributed in south-east, east and south
Asia, and have been major public health problem for the population in the countries
and regions. Distribution and endemicity of individual foodborne parasitic
diseases vary greatly among countries and regions. While a majority of foodborne
parasitic diseases are restricted to a few countries, or even local areas, there are
some diseases prevalent much more widely. This section tries to summarize the
current status of foodborne parasitic diseases in Asia.

The information for Asia was collected by Nguyen Van De, Viet Nam; Tomoyoshi
Nozaki, Japan; Subhash Parija, India; and Paiboon Sithithaworn, Thailand.

One should note that some of statistics regarding endemicity were based on
serology and/or microscopy, and thus potentially erroneous due to lack of proper
objective diagnostic methods such as PCR and antigen detection of parasites, and
confounded by potential cross-reactivity of sera from individuals infected with
other parasites in tests using crude or undefined antigens.

A8.2.2 Description of individual foodborne parasitic diseases

The foodborne parasitic diseases are considered hierarchically as, firstly, meat-,
fish-, shellfish- and plant-borne infections, secondly as protozoan and helminth
infections, and thirdly in alphabetical order.

A8.2.2.1 Meat-borne parasite infections

Sarcocystosis (intestinal)

Intestinal sarcocystosis domestically is distributed in some countries, including
China (29.7%), Malaysia (19.7% of 243 persons had antibodies to sarcocystis), India
(11 case reports from 1990 to 2004), Thailand (1.5%) and Japan (case reported). In
Viet Nam none were reported. In Japan, a case that may be relevant to interna-
tional trade has recently emerged. Sarcocystis infection through consumption of
raw horse meat (“Basashi”) is becoming an important social health problem, with
37 clinical complaints related to consumption of fresh market horsemeat reported,
mainly from the producing centres in Japan. The Sarcocystis species responsible
for cases has been determined by rRNA sequencing to be closest to S. fayeri. Both
horse meat imported unfrozen and live horses imported (mainly from North
America) and raised in Japan were proven to be infected with the species at high
possibility. Proper freezing (-20°C for >48 hours) can eliminate live parasites.

Toxoplasmosis
Toxoplasmosis, caused by the protozoan parasite Toxoplasma gondii, is prevalent in
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Asia. However, data on most the serious form of toxoplasmosis, congenital toxo-
plasmosis, is largely unavailable.

In China, the first human case of toxoplasmosis was reported in 1964 in Jiangxi
Province. Many human cases have been were reported in China since the first
epidemic survey on toxoplasmosis was carried out in Guangxi Province in 1978.
Between 2001 and 2004, a national serological survey of 47 444 people in 15
provinces and autonomous regions estimated a mean prevalence of 7.9% by using
enzyme-linked immunosorbent assay (ELISA). High seroprevalence of latent
T. gondii infection has been found among immunocompromised patients. Preva-
lence of T. gondii infection in cancer patients ranged from 24% to 79%. Surveys of
T. gondii infection in individuals with tuberculosis and hepatitis B showed that the
prevalences were 35.3% and 19.3%, respectively. In India, in the general popula-
tion, seropositivities were 10.8-51.8% for IgG and 2-5% for IgM. In females with
a bad obstetric history IgG was 49.5%. In HIV-infected subjects, seropositivity for
IgG was 70%. In Thailand, the prevalence of toxoplasmosis was 2.6%. In Viet Nam,
some cases of toxoplasmosis were reported. In Sri Lanka, the prevalence of toxo-
plasmosis was 27.5%. In Japan, the prevalence of toxoplasmosis was 1.8-5.6%. In
Malaysia, the prevalence of toxoplasmosis was 10-50%. In Nepal, the prevalence
of toxoplasmosis was 45.6%. In Viet Nam, some cases were reported. Food attribu-
tion to toxoplasmosis in Asia remains not well understood.

Taeniasis/cysticercosis

Human Taeniasis refers to foodborne infections with adult tapeworms: Taenia
solium, Taenia asiatica (from pigs) or Taenia saginata (from cattle). Cysticercosis
is a tissue infection with the larval cysticercus or metacestode stage of tapeworms,
and occurs most commonly in pigs and cattle. The larval stage of Taenia solium can
also infect humans and cause cysticercosis/neurocysticercosis, which is considered
widespread in the developing countries of Latin America, Africa and Asia.

In Viet Nam, the infection rate of Taenia (serology) was 0.5-2% in the plains area,
3.8% in the highlands and 2-6% in mountain areas. Most taeniasis was due to
T. saginata and T. asiatica (78-80%) or T. solium (20-22%). Cysticercosis is dis-
tributed in many provinces (over than 50 provinces), the prevalence was 5-7% in
some villages. In China, the emergence of cysticercosis as a serious public health
problem was recognized by the Chinese Government. Human cysticercosis caused
by the larval stage of T. solium occurred in 29 provinces/autonomous regions/mu-
nicipalities, and about 7 million people were estimated to be infected. Currently,
T. solium and cysticercosis are highly endemic, primarily in Yunnan, Sichuan and
Guizhou in the south-west, and in Qinghai province and Inner Mongolia in the
north-west and northern regions. In Thailand, the prevalence of Taeniasis varies
from 0.6 to 5.9%, and cysticercosis was 4% (based on serology). In Japan, 446 cysti-
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cercosis cases were reported up to 2004. In the Philippines, the reported prevalence
of Taeniasis varied greatly, from 0.56 to 10% and cases reported. Indonesia, the
prevalence of Taenia was 8-9% and cases reported of cysticercosis. In Bangladesh,
case reports identified Taenia spp. In Nepal, the prevalence of Taenia spp. was 43%
and cases reported for cysticercosis. In India, the prevalence of T. solium (18.6%),
prevalence of neurocysticercosis (NCC) in asymptomatic individuals (15.1%),
prevalence of NCC in active epileptics (26.3-56.8%) and prevalence of T. saginata
was 5.3%. Note that these statistics regarding endemicity were often based on
serology, and thus potentially erroneous due to cross-reactivity. In addition, as
these infections occur mostly with domestically, but not internationally, traded
meats, these diseases may not currently be a serious issue in Asia.

Trichinellosis

Trichinellosis in Asia is restricted to China and a few south-eastern countries. In
China, more than 500 outbreaks in 12 of 34 provinces were reported, with 25 685
persons affected and 241 deaths. In Viet Nam, 5 trichinellosis outbreaks were
reported, in the province of Yen Bai in 1970, Dien Bien in 2002 and 2004, Son La
in 2008 and Thanh Hoa in 2012, with 114 cases and 8 deaths in total. In Thailand,
the prevalence of trichinellosis was 0.9-9% (based on serology). In Japan, only
one case was reported of trichinellosis. In India, there have been very few case
reports, but recently a point source outbreak involved 42 cases. Note that these
statistics regarding endemicity were mostly based on serology, and thus potentially
erroneous due to cross-reactivity. In addition, as these infections occur mostly
with domestically, but not internationally traded meats, these diseases may not
currently be a serious issue in Asia.

A8.2.2.2 Fish- and shellfish-borne parasites

Anisakiasis (including Pseudoterranova sp.)

Anisakiasis is endemic in eastern Asian countries and regions, including Japan,
Korea, mainland China and Taiwan. Due to the increasing popularity of Sushi and
Sashimi, its worldwide distribution has potentially some relevance to the present
FAO/WHO consultation. The worm species most commonly involved in human
infections is Anisakis simplex. In Japan, 2 511 cases were reported between 2001
and 2005, and it is estimated—based on a survey using medical practitioners’
receipts for health insurance claims—that a few to several thousand cases occurred
annually in Japan. Anisakiasis has not been reported in South-East and South
Asian countries, including India, Thailand and Viet Nam. The only cases reported
of Pseudoterranova decipiense were from Japan and Taiwan.

Capillariasis

Capillaria philippinensis was reported in the Philippines, Japan, Thailand, Taiwan,
Indonesia and India, with 3 case reports up to 2012.
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Clonorchiasis

The oriental liver fluke, Clonorchis sinensis, is of socioeconomic importance in
East and South-East Asia, including China, Taiwan, Viet Nam, Korea, and, to a
lesser extent, in Japan. It is estimated that about 35 million people are infected
globally, of whom approximately 15 million are in China in 27 provinces, which is
a three-fold increase in the last decade. In Korea there have been 2 million infected,
with a prevalence of 1.4-21.0%. In Japan, the prevalence was 1.0-54.2% (1960)
and 10.9-66% (1961), but now has almost disappeared. In Viet Nam, the preva-
lence is 19.5% (0.2-40%) in 15 of 64 provinces in the north of the country. In
Taiwan, prevalence is 10-20%. India has had very few cases reported. Note that
these statistics regarding endemicity were very often based on serology, and thus
potentially erroneous due to cross-reactivity. In addition, as these infections occur
mostly with domestically but not internationally traded meats, these diseases may
not currently be a serious issue in Asia.

Gnathostomiasis

Gnathostomiasis is restricted to South-East Asian countries. Cases reported of
Gnathostoma spp. include 40 cases in Japan (2000-2011), 86 in China, and 34 in
other Asian countries. Cases have been reported in China, Thailand, Viet Nam,
India, Laos PDR, Myanmar, Cambodia, Bangladesh, Malaysia, Indonesia, Philip-
pines and in India, with 14 cases reported up to 2012.

Echinostomiasis
Reported prevalences of Echinostoma spp. were 0.04-55.3% in Thailand, 1.5-20.1%
in China (based on serology), a single case in Viet Nam and a few cases in India.

Kudoa infections

Kudoa infections from consumption of unfrozen raw flatfish (“Hirame”) have been
reported only recently in Japan. However, the number of cases is growing since
the identification and notification of the causative agent. By 2011, 33 incidents
involving 473 cases had been reported, with outbreaks also common. Food
poisoning associated with flatfish consumption can be prevented by freezing at
-20°C for 4 hours or heating at 90°C for 5 minutes, which inactivates Kudoa sep-
tempunctata. However, in view of the high market value of live flatfish, the Fishery
Agency is currently taking measures towards Kudoa-free flatfish aquaculture.
Currently, unfrozen flatfish is consumed only in East Asia, including Japan and
Korea, but Kudoa may have an impact on food trade when flatfish consumption
becomes more widely popular.

Opisthorchiasis

Opisthorchiasis is restricted to a few SE countries, where eating raw freshwater
fish is common. In Thailand, prevalence of opisthorchiasis was 15.7%. In Lao PDR,
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the prevalence of opisthorchiasis was 37-86%. In Cambodia, opisthorchiasis was
found in some cases. In Viet Nam, the prevalence of opisthorchiasis was 1.4-37.9%
in 9/64 provinces in the south. In Malaysia, one case was reported of opisthorchia-
sis. In India, no cases have yet been reported. As opisthorchiasis occurs mostly in a
domestic context, it is irrelevant to international trade in Asia.

Paragonimiasis

Paragonimus westermani has major socioeconomic importance in some restricted
SE Asian countries and China. The parasite is transmitted via snails to freshwater
crabs or crayfish, then to humans and other mammals, such as cats and dogs, and
causes paragonimiasis. Thus, paragonimiasis is restricted to countries and regions
where easting raw crab meat, which is locally distributed, is practised. In China,
species of medical importance are Paragonimus westermani, P. szechuanensis,
P, heterotremus, P. huetiungensis and P. skrjabini. P. westermani has been reported in
humans from 24 provinces of mainland China, with a prevalence of 4.1-5.1%, with
the population at risk of paragonimiasis being about 195 million. In Viet Nam,
prevalence was 0.5-15% in 10/64 provinces based on serology. Adult worms found
in dogs and infected cats, identified by morphology and molecular methods, were
P, heterotremus. In Thailand, cases were reported in 23/68 provinces. In Japan, over
200 cases have been reported, but only a few recent cases. In Philippines, preva-
lence was 27.2-40% by serology in some areas. In India, it is endemic to the north-
eastern states of Manipur, Nagaland and Arunachal Pradesh, where P. heterotremus
is the common species, with up to 50% seroprevalence in these regions. Note that
these statistics regarding endemicity were mostly based on serology and thus po-
tentially erroneous due to cross-reactivity. In addition, as these infections occur
mostly through domestically but not internationally traded meats, these diseases
may not currently be a serious issue in Asia.

Small intestinal flukes

Small intestinal flukes reported included Heterophiydae (Haplorchis taichui,
H. pumilio, H. yokogawai, Metagonimus spp, Centrocestus spp, Lecitodendriids)
and Echinostomatidae (Echinostoma spp., Echinochasmus spp.). Many cases were
reported of small intestinal flukes in Korea, with 19 species identified. In Viet Nam,
small intestinal flukes were widely distributed with a high prevalence (over 50% in
some endemic areas), with 6 species in humans. Flukes are common in Thailand,
with cases reported from China, Japan and India.

Sparganosis

A case was reported of Spirometra erinacei causing sparganosis in humans in Japan
(an imported case), and Viet Nam and India have had few cases reported.
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A8.2.2.3 Plant (fruit and vegetable)-borne parasites

Amoebiasis

Entamoeba histolytica is widely distributed in Asia. For instance, in Viet Nam,
prevalence is 2-6% in children; in India, intestinal amoebiasis with E. histolytica
or E. dispar (1-58%), intestinal amoebiasis with proven E. histolytica (34.6% of all
the samples found to be positive for E. histolytica or E. dispar), extra-intestinal am-
oebiasis — amoebic liver abscess (3—-9% of all the cases of intestinal amoebiasis). In
Japan, in contrast, E. histoltyica infections are restricted to faecal spread though anal
intercourse or faecal smearing by persons with intellectual disabilities, and thus its
impact on foodborne transmission of the disease is very limited. In addition, as its
transmission is primarily local and domestic in all endemic countries and regions,
amoebiasis may be irrelevant to international trade. Furthermore, as transmission
occurs locally and domestically in all endemic countries and regions, amoebiasis is
irrelevant to international trade.

Cryptosporidiosis

In Viet Nam, an infection rate of cryptosporidiosis was 2.8% reported on a national
basis. In India, the infection rate of Cryptosporidiosis was 18.9% in children, who
had diarrhoea. In Japan, no foodborne case of cryptosporidiosis has been reported.
In China, the infection rate of Cryptosporidiosis was 1.36-13.3%. Note that some
of these numbers may not be reliable. As its transmission occurs locally and do-
mestically in all endemic countries and regions, cryptosporidiosis is probably irrel-
evant to international trade. In addition, the main route of transmission is drinking
water, and food attribution is not well understood.

Giardiasis

Giardiasis is caused by Giardia duodenalis (syn. G. lamblia, G. intestinalis), which
constitutes the most common intestinal protozoan worldwide. Contaminated
water is an important source of human infection, either through direct consump-
tion or through the use of contaminated water in food processing or prepara-
tion. Human infection with Giardia duodenalis has been documented in every
province of mainland China. The infection rate ranged from 8.67% to 9.07%,
which were extracted from 13 areas out of 35 cities at the provincial level. Giar-
diasis is more common in children (<10 years old), and the prevalence varied
from 5.0% in children aged 5-9 years to 4.2% in children aged 10-14 years. In
Viet Nam, the prevalence was 1-10%. In India, countrywide distribution was
8.4-53.8%. However, as its transmission is principally local and domestic in all
endemic countries and regions, giardiasis is irrelevant to international trade. In
addition, the main route of transmission is drinking water, and food attribution
is not well understood.
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Ascariasis

Ascariasis is among the most common helminth infections worldwide, including
Asia. However, as its transmission is local and domestic in all endemic countries and
regions, ascariasis is irrelevant to international trade. In China, a recent nationwide
survey suggested that Ascaris lumbricoides infection was the most common hel-
minthiasis, with an overall prevalence of 47% and an estimated 531 million infec-
tions, and was most prevalent in children between 5 and 19 years old. In Viet Nam,
the prevalence of ascariasis in communities in most provinces was 10-95%, with
the greatest endemic infection rates being 80-95% in the Red River delta region,
and least in the south and highland regions (10-40%). In Japan, the prevalence of
Ascariasis was 8.2% in 1956, and is currently very low. In India, countrywide it is
the commonest intestinal helminth ((28.4-68.3%). However, since its transmission
is local and domestic in all endemic countries and regions, ascariasis is irrelevant
to international trade.

Angiostrongyliasis

Angiostrongyliasis caused by Angiostrongylus cantonensis is a potentially fatal
parasitic disease. The biggest outbreak in China thus far could be attributed to a
freshwater snail and took place in the capital Beijing in 2006. Of the 160 infected
individuals involved in this outbreak, 100 were hospitalized. In Thailand, case
reports showed 484 cases from 1965 to 1968. In Viet Nam, over 60 cases were
reported from many areas, most of them in children. In Japan, there have been 54
cases reported. In India, there is a single case report. Angiostrongyliasis is region-
ally restricted and irrelevant to international trade.

Coenurosis

Cerebral coenurosis or, more appropriately, central nervous system coenurosis
(CNSc), is caused by infection with the larval stage (Coenurus cerebralis) of Taenia
multiceps. This disease is very rare in humans and only about 100 cases have
ever been recorded in China. Most human cases occur in developing countries,
including India.

Echinococcosis

Echinococcosis, including cystic echinococcosis (CE) caused by the cestode Echi-
nococcus granulosus and alveolar echinococcosis by E. multilocularis are regarded
as among the most serious parasitic zoonoses. In China, the recent nationwide
ELISA survey estimated that 380 000 people were infected with echinococcosis
and ca. 50 million at risk of infection. In Japan, 373 cases (26 deaths) of alveolar
echinococcosis were reported in 1997. Infection of wild foxes still persists, which
may pose a public health risk for foodborne transmission of echinococcosis. Cases
have been reported in South Korea, Mongolia, Thailand, Bangladesh, Nepal and
India. Despite the fact that food attribution of echinococcosis is not well under-
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stood in Asia, it may have some relevance to international trade due to the severity
of disease outcomes.

Fasciolopsiasis

Fasciolopsis buski is an intestinal trematode of humans and pigs that is acquired
by consumption or handling of aquatic plants Fasciolopsiasis is restricted to some
part of SE and East Asia, and irrelevant to international trade. In China, the first
national survey between 1988 and 1992 revealed that fasciolopsiasis was distrib-
uted across 16 provinces and affected a total of 9531 infected people with 10.2-
92.9% in some areas. The prevalence of infection in children ranged from 57% in
mainland China to 25% in Taiwan. In Viet Nam, the prevalence of fasciolopsiasis
was 0.5-3.8% in 16/64 provinces. In Thailand, its prevalence was 10% in children,
who had intestinal parasites. Cases have been reported in Taiwan, Cambodia, Laos,
Malaysia, Indonesia, Myanmar and India with a prevalence of 0-22.4%.

Fascioliasis

Fascioliasis is restricted to some part of SE Asia, and irrelevant to international
trade. In Viet Nam, fascioliasis has been found in 52 of 63 provinces of the country,
including 26 provinces in the south and 26 provinces in the north. Samples of
Fasciola eggs and adult worms collected from the patients were analysed and iden-
tified by molecular methods as Fasciola gigantica. It is suggested that the Vietnam-
ese E gigantica has been hybridized with E hepatica. In China, a national survey
between 1988 and 1992 found 148 people were infected with F hepatica and 9 with
E gigantica. Cases have been reported in Thailand, Korea, Islamic Republic of Iran,
Japan, Malaysia, Singapore, Laos, Cambodia, Philippines and India.

Hookworm disease

In Viet Nam, the hookworm infection rate of was 30-85% in the north and 47-68% in
the south, most of them being Necator americanus (95-98% of cases). Country-wide
distribution in India was 28.9-43%. Cases have been reported in China, Korea and
Japan. Significance of foodborne transmission of hookworms in Asia is not known.

Toxocariasis
In India, it is endemic in the northern states, up to 33% in Kashmir and with sero-
positivity of 6-23% in other northern states. In Viet Nam, one case report indicated
hundreds of cases. In Japan, some cases have been reported. Foodborne attribution
is not known.

Trichuriasis

In Viet Nam, distribution of trichuriasis is as wide as ascariasis, with a prevalence
rate of 0.5-89% in surveys, with the infection rate in the north higher than in the
south. In Thailand prevalence was 70%, and in Laos it was 41.5%.

ANNEX 8 - REGIONAL REPORTS

189



A8.2.3 Risk management strategies

The strategies for control of foodborne parasites are combination of the regula-
tion of an entire food chain from production to consumption. They also include
creation of consumer perception and agri-food trade regulation. For some food-
borne parasitic diseases, food habits of eating raw materials (e.g. freshwater fish)
are the primary cause of endemicity and national, regional, and local activities to
increase public awareness are essential. However, these diseases are mostly local
and consequently not addressed as part of the meeting.
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TABLE A8.2.2 Data availability for parasite prevalence or concentration in the main
food categories for Asia

NOTE: Please read table in close association with Table A8.2.1. Game could include fish as sources are unclear.

Ancylostoma duodenale, Necator americanus

Game Yes. Viet Nam - country-wide (3-85%); China, Korea, Japan.

Vegetables Yes

Other Yes [22] Vegetables, soils contact, walking barefootonsoil.
Angiostrongylus spp.

Game Yes. Thailand - 484 cases from 1965 to 1968; China - cases reported in

many areas; Viet Nam - >50 cases in many areas; Japan - event reported
with 54 cases.

Otherm Yes 03] Sngils, vegetables, raw frogs.
Anisakis simplex

Beef Yes [17]

Pork Yes[

Game Yes. Case reported.

Other Yes. Marinefish.
Ascaris lumbricoides

Game Yes. Viet Nam - country-wide (5-95%); Japan - 8.2% in 1956.

Vegetables Yes. Vegetables, improperly washed vegetables.

Other Yes [24,25] Vegetables, food transmision.
Capillaria philippinensis

Game Yes. Cases reported in Philippines, Japan, Thailand, Taiwan, Indonesia.
Other | Fish™ Undercooked freshwaterfish.
Clonorchis sinensis

Game Yes. China - 35 million; Korea - 2 million infected, prevalence of

1.4-21.0%; Japan - prevalence of 1.0-54.2% (1960) & 10.9-66% (1961);
Viet Nam - prevalence of 19.5% (0.2-40%) in 15/64 provinces in the
north; Taiwan - prevalence of 10-20%.

Other 1

Cryptosporidium spp.

Pork Yes.

Game Yes. Viet Nam - 2.8% prevalence and case reported (national); India -

18.9% found in children with; Japan - case reported.

Fruits Yes 8

Vegetables Yes B Grown in contact with soil

Other Yes 8] Water; vetgetables; HIV-related. Water contaminated with human
&animalexcreta.

Echinococcus spp.

Game Yes. Cases reported in Japan, China, Korea, Mongolia, Thailand,

Bangladesh, Nepal, India
Vegetables Yes. Vegetables, but very little data.
Other Yes %81 Vegetables, water and food contaminated with infected dog
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Echinostoma spp.

Game Yes. Japan - 22.4%; Thailand - 0.04-55.3%; China - 1.5-20.1%; Japan -
22.4%.

Other Yes [® Undercooked snails & freshwater fish.

Entamoeba histolytica

Game Yes. Viet Nam - 2-6% in children.

Vegetables Yes 28] Improperly washed vegetables.

Other Yes [26] Food transmision, food contaminated with human faeces.

Fasciola spp.

Pork Yes. Water, raw vegetables.

Game Yes. Viet Nam - >20 000 cases from 52/64 provinces; Cases reported in
China, Thailand, Korea, Iran, Japan, Malaysia, Singapore, Laos, Cambodia,
Philippines.

Vegetables Yes. Vegetables.

Other Yes [20] Water, vegetables, aquatic plants, watercress.

Fasciolopsis buski

Dairy Yes

Game Viet Nam - 0.5-3.8% in 16/64 provinces; China - 10.2-92.9% in some

areas; Thailand: 10% in children with intestinal parasites; Cases reported
in Taiwan, Cambodia, Laos, Malaysia, Indonesia, Myanmar, India.

Vegetables Yes. vegetables; vegetables from aquatic plants.

Other Yes 21 Water, vegetables, aquatic vegetaton.

Giardia duodenalis (syn. G. lamblia, G. intestinalis)

Game Yes. Viet Nam - 1-10%.

Vegetables Yes ?7] Vegetables, improperly washed vegetables.

Other Yes 7] Vegetables, food transmision, food contaminated with human
........ faCeS.

Gnathostoma spp.

Game Yes. Case reports from Japan (3225 cases including 86 in China and

34 in other Asian areas); Cases reported in China, Thailand, Viet Nam,
India, Laos PDR, Myanmar, Cambodia, Bangladesh, Malaysia, Indonesia,

Philippines.

Other Fish & amphibian reptiles.™ Raw or undercooked freshwater fish,

Wa'aﬁrpphibian's, birds'gpd mammals """ e

Heterophyids

Game Yes. Thailand - 0.3-7.8%; Viet Nam - 0.5-64.4% in >18 provinces; China -
1-2%; Japan - 11%.

Other Yes.Fish. o e

Metagonimus spp.

Game Cases reported in Korea and Japan.

Other Yes 0l Fish, undercooked freshwater fish.

Opisthorchis viverrini

Game Thailand - 15.7%; Lao PDR - 37-86%; Cambodia - some cases; Viet Nam
-1.4-37.9% in 9/64 provinces in south.

Other Yes. Fish.
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Paragonimus spp.

Game Yes. Thailand - reported in 23/68 provinces; Viet Nam - 0.5-15% in 10/64
provinces; Japan - >200 cases reported; Philippines - 27.2-40% in some
areas.

Other Yes 1 Raw freshwater crab. Almost all Potamiscus manipurensis crabs

_found in streams in Nagaland contained metacercarige.

Sarcocystis spp.

Beef Yes 16

Pork Yes ) Raw muscle and offal.

Game Yes. Thailand - 1.5%.

Other Yes®7 Meat (pork, beef), wildbogr.

Spirometra erinaceieuropaei

Beef Yes. Japan - case reported; Viet Nam - case reported.

Other | Frog ™ Drinking water with infected copepods; raw frog.

Taenia spp.

Beef Yes.

Pork Yes 1 7-20% of slaughtered pigs have cysticerci in their muscles.

Game Yes. Thailand - 06-3.4%; Viet Nam - 0.5-12% in >50/64 provinces.

Vegetables Improperly washed vegetables eaten raw in salads.

Otherm ..‘Yg‘s. Pork,ﬂpeef. """ R o R

Toxoplasma gondii

Beef Yes 12

Dairy Yes 12

Pork Yes 21 Raw pork.

Poultry Yes 121

Game Yes. Thailand - 2.6%; China - 12-45%; Viet Nam - some cases reported;

Sri Lanka - 27.5%; Japan - 1.8-5.6%; Malaysia - 10-50%; Nepal - 45.6%.

Other Yes. Beef, pork, goat, horse, sheep, chicken; contaminated fruit,

Trichinella spiralis

Beef Yes ™
Pork Yes. Raw or undercooked.
Game Thailand - 0.9-9%; Viet Nam - 5 outbreaks with over 100 cases (8

deaths); China - >500 outbreaks in 12/34 provinces, with 25 685 persons
affected (241 deaths).

Other Yes®@ Under-cooked wild boar meat.
Trichuris trichiura

Game Yes. Vegetables, personal hygiene.

Other Yes [ Drinking water contaminated with human faeces.
Toxocara spp.

Game Yes. Viet Nam - case reported; Japan - case reported.

Vegetables Yes. Vegetables, improperly washed vegetables.

Other Yes ] Vegetables, food transmision.
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Sources used for Table A8.2.2, but read in conjunction with references cited in the main text and in
Table A8.2.1
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Medical Microbiology, 27(2):123-127.
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Journal of Medical Research, 112: 140-146.
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Medical Microbiology, 23(1): 61-62.
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-a persisting problem in eastern U.P. - a case report. Indian Journal of Pathology and
Microbiology, 43(1) 69-71.

22. Parija, S.C., Malini, G. & Rao, R.S. 1992. Prevalence of hookworm species in Pondicherry,
India. Tropical and Geographical Medicine, 44(4): 378-380.

23.  Malla, N., Aggarwal, A.K. & Mahajan, R.C. 2002. A serological study of human toxocariasis
in north India. National Medical Journal of India, 15(3): 145-147.

24. Wani, S.A., Ahmad, E., Zargar, S.A., Dar, P.A., Dar, Z.A. & Jan, T.R. 2008. Intestinal
helminths in a population of children from the Kashmir valley, India. Journal of
Helminthology, 82(4): 313-317.

25. Ragunathan, L., Kalivaradhan, S.K., Ramadass, S., Nagaraj, M. & Ramesh, K. 2010.
Helminthic infections in school children in Puducherry, south India. Journal of Microbiology
Immunology and Infection, 43(3): 228-232.

26. ParijaS.C.2002. Epidemiology, clinical features and laboratory diagnosis of amoebiasis in
India. Journal of Parasitic Diseases, 26(1): 1-8.

27. Parija, S.C. & Rao, R.S. 1987. Prevalence of parasitic infections in Pondicherry. Indian Journal
of Parasitology,11: 63-65.

28. Parija, S.C., Rao, R.S., Badrinath, S. & Sengupta, D.N. 1983. Hydatid disease in Pondicherry.
Journal of Tropical Medicine and Hygiene, 86(3): 113-115.

TABLE A8.2.3 Data availability for risk management options for each parasite-com-
modity combination in the Asia context.

NOTE: The authors were asked to consider all combinations of the particular parasite and the main food categories, namely
Beef, Dairy, Pork, Poultry, Game, Seafood, Fruit, Vegetables and Other.

Angiostrongylus spp.
Other YesU® Proper cooking of frogsand spails
Ancylostoma duodenale, Necator americanus

Other Yes?®'Hookworm larvae were in areas 2.1-5.2% on vegetables. Vegetables &

food transmission, so use sanitary disposal of human excreta; avoid walking

o barefoot.
Anisakis simplex

Al No substantive data found.
Ascaris lumbricoides

Vegetables  Yes. Ascaris eggs were in areas reported as 2.1-2.7% in vegetables.

Other Yes B9 Vegetables & food transmission; hand washing; washing of

vegetables before consumption; proper sanitation.

Other YesU™ Proper cooking of freshwater fish.
Clonorchis sinensis
Dairy Very little data™®
Game Yes! Viet Nam - 44.4-92.9% freshwater fish infected by Clonorchis

sinensis larvae.

Other Yes. Proper cooking of freshwater fih.
Cryptosporidium spp.
Beef YesM

Other Yes. Vegetables, food, water transmission; hand washing, boiling or

filtration of drinking water
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Vegetables  Yes.

Other Yes 34 Proper care of pet dogs; avoid close contact with stray dogs; hand
o washing; thorough washing of vegetables before consumption.
Echinostoma spp.*!

Other Proper cooking of freshwater spails.
Fasciola spp.
Other Yes (25261 Fgsciola larvae in areas reportedly 0.4% in vegetables. Avoid eating
o uncleaned aquatic plants and vegetables.
Fasciolopsis buski

Other YesP” Avoid eating uncleaned aquatic plants and vegetables.
Entamoeba histolytica
Game Yes.
Vegetables Yes. E. histolytica cysts in areas reportedly 1.8-6.7% in vegetables.
Other Yes 3! Vegetables & food; water transmission; hand washing; thorough

washing of vegetables before consumption; proper sanitation.

Game Yes.
Vegetables Yes. Giardia cysts were in areas reportedly 2.7-13.9% in vegetables.
Other Yes 32331 Vegetables & food; water transmission; hand washing; thorough

washing of vegetables before consumption; proper sanitation.

Game Yes. Gnathostoma larvae were in areas reportedly 6.7-11.4% in eels.
Other Yes P2 Fish, eel, amphibians. Proper cooking of freshwater fish & frogs.
Heterophyids
Game Yes[2l Heterophyid larvae 7.4-62.8% in various fish species.
Other Yes.Fish.
Metagonimus spp.
Other Yes4 Proper cooking of freshwater fish.
Opisthorchis viverrini
Game Yes 4 Viet Nam - 10-29% freshwater fish infected by O. viverrini.
Other Yes.Fish.
Paragonimus spp. "%
Pork Yes. Wild boar meat.
Game Viet Nam - rate of Paragonimus larvae was 9.7% to 98.1% in Potamicus
crab.
“Qt.her Yggﬂ‘” Freshwater crab, wild boar meat - proper cookir]‘g"qf crabs.
Sarcocystis spp.
Pork Yes™® Proper cooking.
Other Yes. Proper cooking of wild boar meat.
Spirometra erinaceieuropaei
Game Yes. 8-10% frogs reportedIt infected by S. erinaceieuropaei larvae.
Other Yes ! Frogs & amphibians; boiling or filtration of drinking water; Yes!"”!

Proper cooking. Proper cooking of frogs

Taenia spp. @
Beef Yes "8 Discard infected meat in abattoir; proper cooking.
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Pork Yes. Discard infected meat in abattoir; proper cooking.

Game Yes. Viet Nam - 0.02-0.9% of pigs infected by T. solium larvae.
Vegetables  Yes. Proper washing before eating raw.
...O.t.her Yes. Pork, beef.

Toxocara spp. '
Vegetables  Yes[?

Other Thorough washing of vegetables before consumption.
Toxoplasma gondii
Beef Yes [ Proper cooking.
Dairy Yes[" Proper cooking.
Pork Yes[" Proper cooking.
_Poultry Yes( Proper cooking.
Trichinella spiralis
Pork Yes. Proper cooking
Game Yes 2 Viet Nam - 70-879 Trichinella larvae per gram pork; China -
0.06%-5.6% infected in pigs, 16.2% in dogs, 0.7% in cattle and 0.8% in
sheep.
Other YesP Livestock meat - proper cooking.
Trichuris trichiura™!
Game The rate of Trichuris eggs in vegetable was 1.8-2.4%.
Other Yes®] Vegetables, food transmission. Pit latrines and potable drinking

water would reduce prevalence.
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ANNEX 8.3 - AUSTRALIA
A8.3.1 Preparation

The information for Australia was compiled by Dr Rebecca Traub, Senior Lecturer
in Veterinary Public Health, School of Veterinary Sciences, The University of
Queensland, Gatton. In developing this section of the report, Dr Traub used lit-
erature searches using PubMed (search terms used = “Parasite Name” + Australia)
together with personal communications with experts in academia and the Depart-
ment of Agriculture, Fisheries and Forestry (DAFF), Queensland Health, and Food
Standards Australia.

A8.3.2 Data availability in humans and food attribution

Surveillance systems in place include the National Animal Health Information
System (NAHIS) and National Notifiable Diseases Surveillance System (NNDSS),
which collect, collate, analyse and report on data on animal and human health
status. In general, information with regard to the incidence or burden of food-
borne parasites in humans and animals in Australia is lacking, but is assumed to be
negligible. Although limited, most data is generated from research-based surveys
conducted by academic institutes, together with published hospital case reports.
Surveillance (end product testing for foodborne parasites) is usually not consid-
ered necessary due to the low perceived risks to public health, based on:

o High standards of food safety and inspection practices that utilize a ‘whole-
of-chain’ approach, which includes implementation of risk-based hazard
analysis and HACCP. In addition to this, all exported food must comply
with the Export Control (Prescribed Goods - General) Orders 2005, and
the Export Control (Plants and Plant Products) Orders, 2005. Exporters
must meet both the requirements of relevant export legislation and of any
importing country requirements for the Australian Quarantine and In-
spection Service (AQIS) to provide the necessary documentation to enable
products to be exported.

o The dietary habits of most Australians, namely eating medium- to well-
cooked meats.

« The absence of many of the foodborne parasites of public health concern in
Australia (exotic pathogens).

Except for Cryptosporidium, no other foodborne parasites are listed in the human
notifiable diseases list. For example, cystic hydatid disease in humans is no
longer notifiable on a state or national level, despite its enzootic nature in rural
settings. Many of the fish- and plant-borne parasites (e.g. Anisakiasis, plant- or
vector-borne protozoa and helminth infections) may be missed unless an ‘obvious
outbreak” has been detected and reported to the State Public Health Unit. Primary
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means of surveillance of foodborne parasites are performed through abattoirs due
to export certification requirements, such as data on the incidence of suspect Cys-
ticercus bovis lesions in beef and Trichinella in game meat, and exports would be

well documented.
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Sources used in Table A8.3.1

o1

02.

03.

04.
05.

06.

07.

08.

09.

12.

13.

14.

15.

16.

Spratt, D.M., Beveridge, |., Andrews, J.R.H. & Dennett, X. 1999. Haycocknema
perplexum n.g., n.sp. (Nematoda: Robertdollfusidae): an intramyofibre parasite in
man. Systematic Parasitology, 43(2): 123-131.

Department of Primary Industries (DPI) report. No date. Three human clinical cases
in Adelaide (archived, pers. comm. Jack van Wick).

Cuttell, L., Cookson, B., Jackson, L.A., Gray, C. & Traub, R.J. 2012. First report of a
Trichinella papuae infection in a wild pig (Sus scrofa) from an Australian island in the
Torres Strait region. Veterinary Parasitology, 185(2-4): 343-345.

Louise Jackson, DAFF, pers. comm.

Kusolsuk, T., Kamonrattanakun, S., Wesanonthawech, A. and 11 others. 2010.
The second outbreak of trichinellosis caused by Trichinella papuae in Thailand.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 104(6): 433-
437.

WHO. Various dates (a). Total cases and incidence of Trichinella spp. infections, by
World Health Organization region and country, 1986-2009.

WHO. Various dates (b). Clinically confirmed cases of trichinellosis in humans
documented in World Health Organization regions, 1986-2009.

Lo, Y.-C., Hung, C.-C., Lai, C.-S., Wu, Z., Nagano, l., Maeda, T., Takahashi, Y., Chiu,
C.H. & Jiang, D.D.-S. 2009. Human trichinosis after consumption of soft-shelled
turtles, Taiwan. Emerging Infectious Diseases, 15(12): 2056-2058.

Obendorf, D.L. & Clarke, K.P. 1992. Trichinella pseudospiralis infections in free-living
Tasmanian birds. Journal of the Helminthological Society of Washington, 59(1): 144~
147; Obendorf, D.L., Handlinger, J.H., Mason, R.W., Clarke, K.P., Forman, A.J.,
Hooper, P.T., Smith, S.J. & Holdsworth, M. 1990. Trichinella pseudospiralis infection
in Tasmanian wildlife. Australian Veterinary Journal, 67(3): 108-110.

Murrell, K.D. & Pozio, E. 2011. Worldwide occurrence and impact of human
trichinellosis 1986-2009. Emerging Infectious Diseases, 17(12): 2194-2202.

Jenkins et al., under review. Cysticercosis in beef cattle in New South Wales.
Submitted to Australian Veterinary Journal. Under review; Pearse, B.H.G., Traub,
R.J., Davis, A., Cobbold, R. & Vanderlinde, P.B. 2010. Prevalence of Cysticercus
bovis in Australian cattle. Australian Veterinary Journal, 88(7): 260-262; Brown,
G., Dennis, M.M., Slapeta, J. & Thompson, A.R. 2010. Prevalence of Cysticercus
bovis (beef measles) in Australian cattle. [Comment on Pearse et al., 2010, q.v...
Australian Veterinary Journal, 88(12): 463-464.

Shamsi, S. & Butcher, A.R. 2011. First report of human anisakidosis in Australia.
Medical Journal of Australia, 194(4): 199-200.

Shamsi, S., Eisenbarth, A., Saptarshi, S., Beveridge, l., Gasser, R.B. & Lopata, A.L.
2011. Occurrence and abundance of anisakid nematode larvae in five species of fish
from southern Australian waters. Parasitology Research, 108(4): 927-934; Lymbery,
A.J)., Doupe, R.G., Munshi, M.A. & Wong, T. 2002. Larvae of Contracaecum

sp. among inshore fish species of south-western Australia. Diseases of Aquatic
Organisms, 51(2): 157-159.

Chang, J.H., Landers, J., Henderson, T.R.M. & Craig, J.E. 2012. Prevalence of uveitis
in indigenous populations presenting to remote clinics of central Australia: The
Central Australian Ocular Health Study. Clinical And Experimental Ophthalmology,
40(5): 448-453.

Huppatz, C., Durrheim, D.N., Levi, C., Dalton, C., Williams, D., Clements, M.S.

& Kelly, P.M. 2009. Etiology of encephalitis in Australia, 1990-2007. Emerging
Infectious Diseases, 15(9): 1359-1365.

Parameswaran, N., O’Handley, R.M., Grigg, M.E., Fenwick, S.G. & Thompson,

R.C.A. 20009. Seroprevalence of Toxoplasma gondii in wild kangaroos using an
ELISA. Parasitology International, 58(2): 161-165.
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17.  Plant, J.W., Freeman, P. & Saunders, E. 1982. Serological survey of the prevalence
of Toxoplasma gondii antibodies in rams in sheep flocks in New South Wales.
Australian Veterinary Journal, 59(3): 87-89.

18. Munday, B.L. 1975. Prevalence of toxoplasmosis in Tasmanian meat animals.
Australian Veterinary Journal, 51(6): 315-316.

19. Jenkins, D.J. & Power, K. 1996 Human hydatidosis in New South Wales and the
Australian Capital Territory, 1987-1992. Medical Journal of Australia, 164(1): 18-21.

20. Jenkins, D.J., Allen, L. & Goullet, M. 2008. Encroachment of Echinococcus
granulosus into urban areas in eastern Queensland, Australia. Australian Veterinary
Journal, 86(8): 294-300; Jenkins, D.J., McKinlay, A., He, D.L., Bradshaw, H. &
Craig, P.S. 2006. Detection of Echinococcus granulosus coproantigens in faeces
from naturally infected rural domestic dogs in south-eastern Australia. Australian
Veterinary Journal, 84(1-2): 12-16.

21.  Prociv, P. & Carlisle, M.S. 2001. The spread of Angiostrongylus cantonensis in
Australia. Southeast Asian Journal of Tropical Medical Public Health, 32(Suppl.
2):126-128.

22. 0zFoodNet. Various dates. Communicable Diseases Australia quarterly reports.

23. Holt, D.C., McCarthy, J.S. & Carapetis, J.R. 2010. Parasitic diseases of remote
indigenous communities in Australia. International Journal for Parasitology, 40(10;
Special issue): 1119-1126.

24. Stark, D., Barratt, J.L.N., van Hal, S., Marriott, D., Harkness, J., & Ellis, J.T. 2009.
Clinical significance of enteric protozoa in immunosuppressed human populations.
Clinical Microbiology Reviews, 22(4): 634-640.

25. B. Cookson, Biosecurity Officer, Northern Australian Quarantine Strategy,
Department of Agriculture, Fisheries & Forestry, Australian Government. Pers.
comm., 2011.

TABLE A8.3.2 Data availability for Australia for parasite prevalence or concentration in
the main food categories

Angiostrongylus cantonensis

Other No direct data. Some snail surveys. Anecdotal evidence of increase in
incidence in domestic pets and wildlife in urban areas of Brisbane and
Sydney. Human case reported from ingesting slugs while intoxicated ™

Seafood Little data. Prevalence in Yellow eye mullet, flathead, sea mullet, King
George Whiting, Bream, sand flathead, pilchard described and endemic off
coastal Australia. Most larvae in viscera post-harvest and not muscle?3!,

Other Yes. Wild caught and commercial fish at post-harvest level.

Beef Yes

Dairy Yes

Pork No data

Game No data

Seafood Yes!. Reported Cryptosporidium oocyst contamination of some high-risk
foods.
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Fruits Yes . Reported Cryptosporidium oocyst contamination of some high-risk
foods.

Vegetables  Yes!“. Reported Cryptosporidium oocyst contamination of some high-risk
foods.

Other Goat meat (India)

Echinococcus granulosus
Vegetables No data

Other No direct data. Abattoir reports suggest hydatid disease is still highly
endemic among livestock. Prevalence studies in dogs, esp. in rural areas,
also demonstrate high prevalence among farm dogs > ¢

Fruits No data
Vegetables No data

Enteric protozoa: Giardia, Cyclospora, Blastocystis, Dientamoeba fragilis, Isospora belli
Fruits No data
Vegetables No data

Spirometra erinacei or sparganosis
Quantitative data may be obtained from Biosecurity Queensland records. Endemic in
tropics, esp. wild boar, native frogs, feral cats, dogs.

Pork No data
Game No data
Other Wild boar Northern Australian Quarantine Strategy (NAQS) surveys

Taenia saginata or bovine cysticercosis

Beef Incidence estimated to be less than 1in 500 000 head according to a recent
national survey ). However sporadic cases or outbreaks, although rare, are
known to occur and have subsequently been confirmed as C. bovis 9.

f&oplasma gondii

Beef Yes 9. Most cited references in report from 1975 and 1980s.
Dairy Yes U9l Most cited references in report from 1975 and 1980s.
Pork Yes[%l, Most cited references in report from 1975 and 1980s.
Poultry Yes . Most cited references in report from 1975 and 1980s.
Game Yes 1. Most cited references in report from 1975 and 1980s.
Fruits No data

Vegetables No data

Other Pademelons, wallabies, lamb. 15.5% kangaroos from WA positive by
ELISADY,

fﬁéhinella pap;;é, T. pseuti;;ﬁiralis """""""""""""""""

Pork No data
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Poultry No data

Game

Other

Yes. All horse, crocodile and wild pig exported to EU from mainland
Australia undergoes pooled Artificial Digestion technique (AD). To date no
larvae detected on mainland.
Recent research-based survey using AD and polymerase chain reaction
(PCR) detected 2 pigs positive for larvae/DNA of T. papuae on a remote
island of the Torres Strait™. Moreover, recent serological evidence for
Trichinella on mainland 21,

04l Foxes and wild dogs on mainland. Tasmanian quolls, possums, raptoral
birds 9201,
Limited indicator species testing on mainland (200 rats; 60 foxes, 31 wild
dogs, 9 cats, 27 quolls) tested by AD, all negative 681,

Sources used for Table A8.3.2

01.
02.

03.

04.

05.

06.

07.

08.

09.

10.

1.

Richard Mailk & McCarthy, pers. comm., 2012.

Shamsi, S., Eisenbarth, A., Saptarshi, S., Beveridge, ., Gasser, R.B. & Lopata, A.L.
2011. Occurrence and abundance of anisakid nematode larvae in five species of fish
from southern Australian waters. Parasitology Research, 108(4): 927-934;

Lymbery, A.J., Doupe, R.G., Munshi, M.A. & Wong, T. 2002. Larvae of
Contracaecum sp. among inshore fish species of south-western Australia. Diseases
of Aquatic Organisms, 51(2): 157-159.

Smith, H.V. & Nichols, R.A.B. 2010. Cryptosporidium: Detection in water and food.
Experimental Parasitology, 124(1; Special Issue): 61-79.

Jenkins, D.J., McKinlay, A., He, D.L., Bradshaw, H. & Craig, P.S. 2006. Detection
of Echinococcus granulosus coproantigens in faeces from naturally infected rural
domestic dogs in south eastern Australia. Australian Veterinary Journal, 84(1-
2):12-16.

Jenkins, D.J., Allen, L. & Goullet, M. 2008. Encroachment of Echinococcus
granulosus into urban areas in eastern Queensland, Australia. Australian Veterinary
Journal, 86(8): 294-300.

Pearse, B.H.G., Traub, R.J., Davis, A., Cobbold, R. & Vanderlinde, P.B. 2010.
Prevalence of Cysticercus bovis in Australian cattle. Australian Veterinary Journal,
88(7): 260-262;

Brown, G., Dennis, M.M., Slapeta, J. & Thompson, A.R. 2010. Prevalence of
Cysticercus bovis (beef measles) in Australian cattle. [Comment on Pearse et al.,
2010, qg.v.]. Australian Veterinary Journal, 88(12): 463-464.

Jenkins, D.J., Brown, G.K. & Traub, R.J. 2012. Cysticercosis “storm” in cattle in
feedlot cattle in north-west New South Wales. Australian Veterinary Journal

91(3): 89-93.

Lake, R., Hudson, A. & Cressey, P. 2002. Risk profile: Toxoplasma gondii in red
meat and meat products. Prepared as part of a New Zealand Food Safety Authority
contract for scientific services. 36 p. See: http://www.foodsafety.govt.nz/elibrary/
industry/Risk_Profile_Toxoplasma-Science_Research.pdf

Parameswaran, N., O’Handley, R.M., Grigg, M.E., Fenwick, S.G. & Thompson,
R.C.A. 20089. Seroprevalence of Toxoplasma gondii in wild kangaroos using an
ELISA. Parasitology International, 58(2): 161-165.
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12.  Cuttell, L., Gomez-Morales, M.A., Cookson, B., Adams, P.J., Reid, S., Vanderlinde,
P., Jackson, L.A. & Traub, R.J. [2013]. Evaluation of ELISA coupled with confirmatory
testing as a surveillance tool for Trichinella infection in wild boar. In preparation.

14.  Cuttell, L., Corley, S.W., Gray, C.P., Vanderlinde, P.B., Jackson, L.A. & Traub, R.J.
2012. Real-time PCR as a surveillance tool for the detection of Trichinella infection in
muscle samples from wildlife. Veterinary Parasitology, 188(3-4): 285-293.

15.  Cuttell, L., Cookson, B., Jackson, L.A., Gray, C. & Traub, R.J. 2012. First report of a
Trichinella papuae infection in a wild pig (Sus scrofa) from an Australian island in the
Torres Strait region. Veterinary Parasitology, 185(2-4): 343-345.

16.  Jenkins, D.J. & Pozio, E. unpublished data, cited in Pozio, E. & Murrell, K.D. 2006.
Systematics and epidemiology of Trichinella. Advances in Parasitology, 63: 367-439.

17.  Waddell, A.H. 1969. The search for Trichinella spiralis in Australia. Australian
Veterinary Journal, 45(4): 207.

18. Oakwood, M. & Spratt, D.M. 2000, Parasites of the northern quoll, Dasyurus
hallucatus (Marsupialia: Dasyuridae) in tropical savanna, Northern Territory.
Australian Journal of Zoology, 48: 79-90.

19. Obendorf, D.L. & Clarke, K.P. 1992. Trichinella pseudospiralis infections in free-
living Tasmanian birds. Journal of the Helminthological Society of Washington,
59(1):144-147.

20. Obendorf, D.L., Handlinger, J.H., Mason, R.W., Clarke, K.P., Forman, A.J., Hooper,
P.T., Smith, S.J. & Holdsworth, M. 1990. Trichinella pseudospiralis infection in
Tasmanian wildlife. Australian Veterinary Journal, 67(3): 108-110.

A8.3.3 Agri-food trade

Foodborne parasites that currently have implications for the meat industry in
terms of extra costs associated with inspection and testing are primarily restricted
to C. bovis in the domestic and exported beef industry, and Trichinella testing of
game meat (farmed crocodile, wild boar and horses) destined for the EU. However,
for example, were anisakidosis to become an emerging public health problem in
Australia, the fish industry would have to bear the costs of additional end-product
inspection (e.g. candling, pooled PCR) to certify high-risk marine species safe for
consumption.

Bovine cysticercosis

Although rare, sporadic cases of C. bovis continue to be reported in the beef
industry. Carcasses heavily positive for suspect C. bovis lesions are condemned,
whereas those with low levels of infection are excluded from the export chain. Any
visible lesions are trimmed at boning under veterinary supervision, freeze certified
and sold on the domestic market. At present the abattoirs (industry) bear the cost
of positively inspected carcasses. There is a move to reform this and place more
cost and responsibility on the farmer by bringing in on-plant monitoring schemes
that feed back to the farm level, providing incentive for modification or improve-
ments in farm management. Given the low incidence of bovine cysticercosis and
poor positive predictive value of organoleptic inspection, a risk-based system for
inspecting C. bovis is being proposed and reviewed (Webber et al., 2012).
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Trichinella spp.

At present, game meat (wild boar, horse, crocodile) destined for the EU (primary
consumers) is required to undergo pooled artificial digestion and examination for
Trichinella larvae, and results in a direct cost to the game meat industry. To date,
testing of ~3.2 million wild boars and 300 000 horses over 22 years has yielded
no Trichinella-positive carcasses. However, wildlife surveys in indicator species
(foxes, feral cats, crocodiles, turtles and wild boar in high-risk areas, e.g. northern
Queensland, are limited. Detection of Trichinella on mainland Australia will
most likely have most impact on the domestic pork industry in relation to more
intensive pre-harvest control measures required to meet domestic and overseas
certification of pig farms as Trichinella-free. At present, domestic pork exported is
freeze-certified for Trichinella.

A8.3.4 Consumer perception

Consumer perception is difficult to assess and is largely dependent on approaches
taken by the media and government in the form of risk communication to the
public in the case of an ‘outbreak’ or discovery of a previously ‘exotic’ or ‘undetect-
ed’ foodborne parasite. At present, Australians are generally aware of governmen-
tal responsible for regulating the quality and safety of food, and consumers display
considerable trust in government (and farmers) to protect food safety. There is
little evidence of the politicization of food, reflecting a level of trust in the Austra-
lian food governance system that may arise from a lack of exposure to major food
scares. Consumers tend to be more critical of the role of the food industry in food
safety, believing that profit motives will undermine effective food regulation. Most
Australians would associate foodborne illness with ‘take-away’ foods from retail
outlets or a problem associated with overseas travel. Consumers usually perceive
the risk of ‘parasites’ in game meats like kangaroos and feral pigs higher than tra-
ditional meats. Australians are generally aware of personal responsibility for food
safety practices (Henderson, Coveney and Ward, 2010). Consumers (public) in
overseas markets are likely to have a similar level of ‘trust’ in foods exported from
Australia.

A8.3.5 Social sensitivity

If an ‘outbreak’ of a foodborne parasitic disease due to non-compliance with
current food safety regulations or due to consumers harvesting their own food
sources (in the case of home-grown vegetables, home-made fish sashimi or under-
cooked foods, hunted feral pig or crocodile meat, etc.) should occur, this has the
potential to lead to a substantial decline in the level of consumer trust placed in the
food safety management system of Australia. This will have significant repercus-
sions on the industry in some cases (e.g. outbreak of anisakiasis may lead to loss of
business for Japanese restaurants or sea-food retailers). An outbreak of trichinello-
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sis may have similar consequences, but to a lesser extent as the public is more likely
to associate the pathogen with consumption of self-butchered game meat rather
than commercially supplied meats.

A8.3.6 Risk management

Data are summarized in Table A8.3.3.

A8.3.7 Sources cited in the discussion
Henderson, J.A.B., Coveney, J.A. & Ward, P.A. 2010. Who regulates food? Australians’

perceptions of responsibility for food safety. Australian Journal of Primary Health,
16(4): 344-351.

Webber, ].J., Dobrenov, B., Lloyd, J. & Jordan, D. 2012. Meat inspection in the Austra-
lian red-meat industries: past, present and future. Australian Veterinary Journal,
90(9): 363-369.

TABLE A8.3.3 Data availability for risk management options for each of parasite-com-
modity combinations for Australia.

NOTE: The authors were asked to consider all combinations of the particular parasite and the main food categories, namely
Beef, Dairy, Pork, Poultry, Game, Seafood, Fruit, Vegetables and Other.

Angiostrongylus cantonensis

Fruits No data

Vegetables No data
Other | No-smails
Anisakids

Seafood Little data. Extensive surveys performed for the Australian marine fish/

anisakid species. No experimental studies to determine post-harvest

migration or larvae for Australian species. Preliminary research surveys (see

Table A8.3.1) indicate larvae primarily in viscera, current FSANZ food safety

Standard 4.2.15 stipulates chilling (-1°C to 5°C or lower) post-harvest. All
e EXPOrtEd fish frozen to inactivate larvae.

Cryptosporidium spp. (including C. hominis and C. parvum)

Other The prevalence or intensity of protozoa, helminth and cestode stages
contaminating fresh produce along the production chain is not readily
available. However, in general, risk is mitigated by producer obligations to
follow standards outlined by the Codex Code of Hygienic Practice for Fresh

.............................. Fruits and Vegetables.
Echinococcus granulosus
Fruits No data
Vegetables Nodata .

Enteric helminths
No data.
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Enteric protozoa, including Giardia, Cyclospora, Blastocystis, Dientamoeba fragilis and
Isospora belli

Nodata.
Taenia saginata or bovine cysticercosis
Beef Yes( 2. See also Table A8.3.1
Other Low incidence and poor PPV of inspection of predilection sites - more

i evel management to reduce risks.

Toxoplasma gondii
Regionally, a risk profile 3! was conducted by New Zealand Food Safety Authority, based on
outdated prevalence data for retail raw meats.

Globally, the requirements for inactivation of tissue cysts in meat have been well studied
and documented.

Beef Yes qualitative. Quantitative lacking on % positive retail meats with viable
tissue cysts lacking.

Dairy Food Standards Australia New Zealand (FSANZ) Standard 4.2.4 - Primary
Production and Processing Standard for Dairy Products

Pork Yes qualitative. Quantitative lacking on % positive retail meats with viable
tissue cysts lacking

Poultry Yes qualitative. Quantitative lacking on % positive retail meats with viable
tissue cysts lacking

Game Yes qualitative. Quantitative lacking on % positive retail meats with viable
tissue cysts lacking

Fruits No data

Vegetables No data

Trichinella papuae, T. pseudospiralis

Pork No data
Game No extensive surveys in ‘hot-spots’ Experimental studies in pigs for
T. papuae lacking to assess survivability, freeze tolerance
Other No surveys on the mainland. A small-scale survey in feral pigs by Cuttell 4]

(see Table A8.3.1) allowed a qualitative risk assessment to be attempted.

Sources cited in Table A8.3.3

01. Pearse, B.H.G., Traub, R.J., Davis, A., Cobbold, R. & Vanderlinde, P.B. 2010. Prevalence
of Cysticercus bovis in Australian cattle. Australian Veterinary Journal, 88(7): 260-262;

02. Webber, J.J., Dobrenov, B., Lloyd, J. & Jordan, D. 2012. Meat inspection in the Australian
red-meat industries: past, present and future. Australian Veterinary Journal, 90(9): 363~
369.

03. Lake, R., Hudson, A. & Cressey, P. 2002. Risk profile: Toxoplasma gondii in red meat and
meat products. Prepared as part of a New Zealand Food Safety Authority contract for
scientific services. 36 p. See: http://www.foodsafety.govt.nz/elibrary/industry/Risk_
Profile_Toxoplasma-Science_Research.pdf

04. Cuttell, L., Cookson, B., Jackson, L.A., Gray, C. & Traub, R.J. 2012. First report of a
Trichinella papuae infection in a wild pig (Sus scrofa) from an Australian island in the
Torres Strait region. Veterinary Parasitology, 185(2-4): 343-345.

05. FSANZ (Food Safety Australia New Zealand). 2012. Australia New Zealand Food
Standards Code - Standard 4.2.1 - Primary Production and Processing Standard for
Seafood (Australia Only). Current. See: http://www.comlaw.gov.au/Series/F2012L00291
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ANNEX 8.4 - EUROPE
A8.4.1 Preparation

The information was compiled by a group comprising Lucy Robertson, Norway
(Group leader-cum-coordinator); Pascal Boireau, France; Joke van der Giessen,
The Netherlands; Malcolm Kennedy, Scotland, UK; and Patrizia Rossi, Italy,
although Patrizia was away during report writing, and thus contributed only in-
formation.

Communication among the group members was largely by e-mail, and the final
version (following inclusion of comments on and modifications to the draft) was
submitted on 20 August.

The different group members used their own approaches to data gathering,
accessing:

o published scientific papers (identified using their knowledge and experi-
ence of the topic, coupled with appropriate database searches;

o national reports or risk assessments, or both;

o the European Union Reference Laboratory for Parasites (EURLP) in Rome
(http://www.iss.it/crlp/),

« scientific reports submitted to European Food Safety Authority (EFSA);

o reports from World Organisation for Animal Health (OIE), World Health
Organization (WHO), and European Centre for Disease Prevention and
Control (ECDC);

o reports from EU research groups (e.g. MedVetNet, Echinorisk);

o Codex Alimentarius Commission reports; and

«  books and book chapters.

A8.4.2 Data availability in humans and food attribution

Data from Europe is patchy. EFSA has had initiatives in which data concerned with
meat-borne parasites (Sarcocystis spp., Toxoplasma spp., Trichinella spp., Taenia
solium and Taenia saginata), Echinococcus spp. and fish-borne parasites (particu-
larly Anisakis simplex) have been reported, including proposals for harmonized
monitoring tools.

These reports give a relatively good overview of the data available in EU member
states.

Although Sarcocystis spp. is probably widespread, the low public and zoonotic

health impact means that Sarcocystis spp. should not be considered a parasite of
major concern in Europe.
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Data on distribution regarding Taenia spp. is patchy, but taeniosis and/or cysticer-
cosis caused by T. solium in humans in Europe is considered rare.

Data on Toxoplasma gondii and Trichinella spp. is relatively good, particularly for
the latter parasite and for Toxoplasma spp. if mandatory screening is in place; both,
particularly T. gondii in high risk groups, are considered of importance.

Data on Echinococcus (E. granulosus sensu lato and E. multilocularis) are patchy;
this is largely due to lack of notifications, diagnostic difficulties and uneven distri-
bution of infection around Europe, although evidence suggests that E. multilocu-
laris infection is spreading in foxes in Europe, resulting in greater infection risk in
humans.

Data on infection with intestinal protozoa such as Cryptosporidium, Giardia and
Cyclospora are patchy, being, relatively good in some places (e.g. United Kingdom),
but poor in others, but whether sporadic infections are foodborne or not is usually
impossible to ascertain; some outbreaks have been shown to be foodborne.

Data on infection with trematodes and nematodes is patchy unless associated with
specific outbreaks.

It can be assumed that many foodborne parasitic infections in Europe are not
diagnosed, due to non-specific symptoms, or, if they are diagnosed, foodborne
transmission is not recognized, particularly for sporadic cases not associated with
outbreaks.

A8.4. 3 Data on the burden of disease and food attribution
See Table A8.4.1.

A8.4.4 Data on parasite prevalence, incidence and concentration
in the main food categories
The data are summarized in Table A8.4.2.

A8.4.5 Agri-food trade

Agri-food trade is affected when parasite contamination is found in imported
products, particularly if: a) the imported parasite does not exist in the region pre-
viously and/or b) an outbreak of infection results.

Meat
Meat on the market must be free of Trichinella larvae, and metacestodes of Taenia
and Echinococcus. Some countries also regulate against Sarcocystis, such as the
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Italian requirement from 1992 for restaurants to freeze fishes to be served raw
or undercooked. Meat inspection is used for metacestodes (and sarcocysts). For
Trichinella, a specific lab analysis (digestion) is used. For the EU there are definitive
regulations (EU legislation on the hygiene of foodstuffs). There is a meat inspection
on target hosts. Only Trichinella needs a specific laboratory analysis. The cost and
reliability of this analysis is important to take into account in the balance of cost vs
benefit. Some one-third of European countries impose individual carcass control
for Trichinella as a requirement for exportation. Trichinella “negligible risk” areas
were defined in Europe to reduce the cost of individual carcass control. However,
for trade in pig meat, countries ask for individual carcass control even from negli-
gible risk areas. Currently, harmonized risk-based control strategies are evaluated
by OIE, Codex and EU bodies. Exotic meats are also subject to these controls (e.g.
crocodile meat and T. zimbabwensis).

Although Toxoplasma is a high risk in meat, it is so widespread that it does not
affect the agri-food business at present. Currently, no specific regulations are in
place to identify Toxoplasma in meat.

Seafood

There has been a significant increase in fish or seafoodborne parasitic diseases in
Europe, caused either by infection following ingestion of viable parasites or as an
allergenic reaction against parasite antigens (hypersensitivity). Due to modern
cooking habits, there is a need to harmonize control measures for fish to decrease
the risk of fish-borne parasites. In the EU, raw fish meant for human consump-
tion (herring, salmon) should be frozen before consumption, but more and more
raw or undercooked fish (which is unregulated for parasites) is being consumed
nowadays.

In Europe, the most important fish parasites causing illness in humans are from
the Anisakidae family, with 24 genera, although the species most commonly as-
sociated with human infection is Anisakis simplex, followed by Pseudoterranova
decipiens. Nevertheless A. simplex is the primary instigator of the different forms
of allergy, triggered by infection by live larvae. However, it is not known if this
increase in parasitic disease has affected agri-food trade. Human outbreaks of Op-
isthorchis infection have been identified (e.g. Italy, the Netherlands), but it is not
clear whether this has affected agri-food trade.

Fresh produce

Outbreaks associated with contaminated fresh produce may affect agri-food trade
(as exemplified by the raspberries/Cyclospora impact on import to North America
from Guatemala). Although there have been outbreaks of parasitic infection as-
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sociated with imported fresh produce in Europe (e.g. in Sweden, Cyclospora on
sugarsnap peas from Guatemala; Cryptosporidium on parsley from Italy), there do
not appear to have been long-term effects on agri-food trade. Similarly, it is unclear
whether outbreaks associated with local fresh-produce (e.g. Fasciola on watercress
in France) have affected agri-food trade exports.

Conclusion

Important parasite-commodity combinations that could affect agri-food
trade in Europe include: meat+Trichinella; meat+Taenia; meat+Echincoccus;
fish+all parasites, including flukes; fresh produce+Cryptosporidium; fresh
produce+Cyclospora; fresh produce+Giardia; and fresh produce+Fasciola. Current
concern seems to be more for public health and food import than for trade and
export. However, this situation is likely to change should an extensive outbreak be
associated with an exported European food product.

A8.4.6 Consumer perception

There have been no specific surveys at EU level to analyse consumer percep-
tions regarding the risks generated by parasites in food, although there have been
various general surveys performed in Europe or specific countries. One of the
most relevant is from 2005 (Anon. 2006), in which the then 25 countries of the EU
(without Romania and Bulgaria, which joined the EU in 2007) were interviewed
to assess consumer risk perceptions, particularly regarding food safety. Although
foodborne parasitic infections were not specifically addressed, the survey dem-
onstrated that the major concerns regarding food safety in the EU were directed
towards pesticide residues in fruit, vegetables and cereals; residues such as antibiot-
ics and hormones in meats; unhygienic conditions in food processing plants, shops
or restaurants’ contamination with bacteria (food poisoning); pollutants such as
mercury or dioxins; genetically modified products; and additives such as colours,
preservatives or flavourings. According to the survey results, on a country basis,
the Greeks, Italians and Cypriots were the biggest worriers about food contami-
nation issues, but respondents in Sweden and Finland worried the least. Nordic
countries also appeared to have greater confidence in public authorities concern-
ing provision of information on specific food safety issues, with Finland demon-
strating the greatest confidence in the authorities.

Globally, consumers tend to have more trust in vegetables and fruits than meat
products when it comes to safety (Anon., 2004). Fewer respondents thought that
food was become worse with regard to safety. A locally or regionally adapted
food-risk communication is preferred by EU consumers, and may be more efficient
that a pan-European communication, due to different culinary habits across
Europe and differing parasite densities transmitted in different regions.
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However, harmonized communication on the risks for foodborne parasites, e.g.
Echinococcus multilocularis, is needed, as risk communication is currently scattered
and inconsistent.

Outbreaks obviously affect consumer perceptions considerably (perhaps out of
proportion to the risk), and this again means that communication is important.

A8.4.7 Social sensitivity

The presence of Anisakis in fish meat is not acceptable. Even if the meat is
frozen there is a risk of allergenicity. This secondary danger is not well known by
consumers. In addition, the finding of parasites in fish food during consumption
(visual) engenders emotional reactions, and even if the public health risk is low, it
is unacceptable to European consumers.

Consumers expect meat to be parasite-free. For parasites in meat that are not
visible to the naked eye (Sarcocystis, Toxoplasma), restrictions are important if
local culinary habits (raw or undercooked meat consumption) increase infection
risk. The detection and reporting of a parasite risk in meat (or probably any other
food commodity) induces an immediate drop in consumption. This was partic-
ularly well studied during trichinellosis in France (1986-1998) after infection of
consumers eating horse meat.

The increased risk of parasitic infections when organic meat is consumed is not
well understood by the public. In general, people believe that organic products are
more healthy, which is usually not the case regarding parasitic risks. Some ‘organic
products’ may, however, be perfectly acceptable produce, but it should also be rec-
ognized that specialist producers are most likely to be affected should an outbreak
reported in the media be specifically associated with their specialization, regardless
of their own standards, epitomized by the recent furore over alfalfa sprouts and
bacterial infection.

Food sovereignty is an important concept regarding developing countries exporting
produce (meat, fish, fresh produce) to wealthier countries that may ultimately reject
on microbiological grounds or for other reasons. This concept is being explored in
some research projects (e.g. Veg-i-Trade, see: www.vegitrade.com).

The parasite-commodity combinations that are probably most relevant from a
European perspective are: meat+Trichinella; meat+Taenia; meat+Echincoccus;
fish+all parasites, including flukes; fresh produce+Cryptosporidium; fresh
produce+Cyclospora; and fresh produce+Giardia. Concern is more for public
health and food imports than for trade and exports.
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A8.4.8 Risk management
The data are summarized in Table A8.4.3.

A8.4.9 Sources cited in the text of the Europe section discussion
Anon[ymous]. 2004. Consumer Trust in Food. A European Study of the Social and
Institutional Conditions for the Production of Trust. The TRUSTINFOOD project
(2002-2004) is supported by the European Commission, Quality of Life and Man-
agement of Living Resources Programme (QoL), Key Action 1 Food, Nutrition and
Health (contract no. QLK1-CT-2001-00291). For further information sSee: http://
www.academia.edu/307738/Trust_and_Food._A_Theoretical_Discussion

Anon. 2006. Risk Issues. Special Eurobarometer 238 / Wave 64.1. prepared by
TNS Opinion & Social for Directorate-General Health and Consumer Protection
as well as the European Food Safety Authority and coordinated by Directorate-
General. See: http://ec.europa.eu/food/food/resources/special-eurobarometer_
riskissues20060206_en.pdf
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Sources used in Table A8.4.1

o1

02.

03.

04.

05.

06.

07.

08.

09.

Murrell, K.D. & Pozio, E. 2011. Worldwide occurrence and impact of human
trichinellosis, 1986-2009. Emerging Infectious Diseases, 17(12): 2194-2202.

Dupouy-Camet, J. & Murrell, K.D. (editors). 2007. FAO/WHO/OIE Guidelines for
the Surveillance, Management, Prevention and Control of Trichinellosis. World
Organisatiion for Animal Health (OIE), Paris, France. See: http://www.trichinellosis.
org/uploads/FAO-WHO-OIE_Guidelines.pdf

Pozio, E., Alban, L., Boes, J. and 19 others. 2010. Development of harmonised
schemes for the monitoring and reporting of Trichinella in animals and foodstuffs in
the European Union. Scientific Report submitted to EFSA. 47 p. Available at http://
www.efsa.europa.eu/en/supporting/doc/35e.pdf

Orlandi, P.A., Chu, D.-M.T., Bier, J.W. & Jackson, G.J. 2002. Parasites and the food
supply. Food Technology, 56(4): 72-81.

Slifko,T.R., Smith, H.V. & Rose, J.B. 2000. Emerging parasite zoonoses associated
with water and food. International Journal for Parasitology, 30: 1379-1393.

Alban. L., Pozio, E., Boes, J., and 19 others. 2011. Towards a standardised
surveillance for Trichinella in the European Union. Preventive Veterinary Medicine,
99(2-4): 148-160.

Dorny. P., Vallée, I. Alban, L., and 18 others. 2010. Development of harmonised
schemes for the monitoring and reporting of Cysticercus in animals and foodstuffs in
the European Union. Scientific Report submitted to EFSA. 30 p. Available at: http:/
www.efsa.europa.eu/en/supporting/doc/34e.pdf

K.D. Murrell, P. Dorny, A. Flisser, S. Geerts, N.C. Kyvsgaard, D.P. McManus,
T.E. Nash & Z.S. Pawtowski (editors). 2005. WHO/FAO/OQIE Guidelines for the
Surveillance, Prevention and Control of Taeniosis/Cysticercosis. OIE (World
Organisation for Animal Health), Paris, France. See: ftp://ftp.fao.org/docrep/
fao/011/aj005e/aj005e.pdf

Torgerson, P.R. & Macpherson, C.N. 2011. The socio-economic burden of parasitic
zoonoses: global trends. Veterinary Parasitology, 182(1): 79-95.

Lovadina, J. 2012. La cysticercose: parasitose négligée mais véritable enjeu de santé
publique dans les pays en développement. These du Docteur en Pharmacie. Faculte
de Pharmacie de Grenoble, France.

Halos, L. Thebault, A., Aubert, D., and 10 others. 2012. An innovative survey
underlining the significant level of contamination by Toxoplasma gondii of ovine
meat consumed in France. International Journal of Parasitology, 40: 193-200.

Villena, I., Durand, B., Aubert, D., and 9 others. 2012. New strategy for the survey
of Toxoplasma gondii in meat for human consumption. Veterinary Parasitology,
183:203-208.

Havelaar, A.H., Haagsma, J.A., Mangen, M.J., and 8 others. 2012. Disease burden
of foodborne pathogens in the Netherlands, 2009. International Journal of Food
Microbiology, 156(3): 231-238.

Opsteegh, M., Prickaerts, S., Frankena, K. & Evers, E.G. 2011. A quantitative
microbial risk assessment for meat-borne Toxoplasma gondii infection in The
Netherlands. International Journal of Food Microbiology, 150: 103-114.

EFSA. 2012. Food-borne outbreaks: Parasites. pp. 270-277, in: The European
Union Summary Report on Trends and Sources of Zoonoses, Zoonotic Agents and
Food-borne Outbreaks in 2010. Scientific Report of EFSA (European Food Safety
Authority) and ECDC (European Centre for Disease Prevention and Control).
Available at: http://www.efsa.europa.eu/en/search/doc/2597.pdf

Guy, E.C., Dubey, J.P. & Hill, D.E. 2012. Toxoplasma gondii. pp. 167-188 (Chapter 6),
in: L.J. Robertson and H.V. Smith (editors). Foodborne Protozoan Parasites. Nova
Science Publishers.
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19.
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21.

22.

23.

25.

26.

27.

28.

29.

30.

31

32.

Boué, F., Boes, J., Boireau, P., and 18 others. 2010. Development of Harmonised
Schemes for the Monitoring and Reporting of Echinococcus in Animals and
Foodstuffs in the European Union. Scientific Report submitted to EFSA. 41 p.
Available at: http://www.efsa.europa.eu/en/supporting/doc/36e.pdf

NoTE: for Echinoccocus (non-European species), see Table C, pp. 35-36.

Takumi, K., Hegglin, D., Deplazes, P., Gottstein, B., Teunis, P. & van der Giessen, J.
2011. Mapping the increasing risk of human alveolar echinococcosis in Limburg, The
Netherlands. Epidemiology and Infection, 7: 1-5.

Davidson, R.K., Romig, T., Jenkins, E., Tryland, M. & Robertson, L.J. 2012. The
impact of globalization on distribution of Echinococcus multilocularis. Trends in
Parasitology, 28(6): 239-247.

VKM (Vitenskapskomiteen for mattrygghet). 2012. Assessment of risk of
introduction of Echinococcus multilocularis to mainland Norway. Opinion of the
Panel on biological hazards of the Norwegian Scientific Committee for Food Safety.
Prepared by L. Robertson, J. Lassen, M. Tryland and R.K. Davidson. Doc. 11-106-final.
See: http://www.vkm.no/dav/d35674e4f0.pdf

Kern, P., Ammon, A., Kron, M., Sinn, G., Sander, S., Petersen, L.R., Gaus, W.
& Kern, P. 2004. Risk factors for alveolar echinococcosis in humans. Emerging
Infectious Diseases, 10(12): 2088-2093.

Romig, T., Dinkel, A. & Mackenstedt, U. 2006. The present situation of
echinococcosis in Europe. Parasitology International, 55 (Suppl): S187-5191.

Schweiger, A., Ammann, R.W., Candinas, D., and 11 others. 2007. Human alveolar
echinococcosis after fox population increase, Switzerland. Emerging Infectious
Diseases, 13(6): 878-882.

Eckert, J. & Deplazes, P. 2004. Biological, epidemiological, and clinical aspects of
echinococcosis, a zoonosis of increasing concern. Clinical Microbiology Reviews,
17(1): 107-135.

Portier, J., Jouet, D., Ferte, H., Gibout, O., Heckmann, A., Boireau, P. & Vallee,

I. 2012. New data in France on the trematode Alaria alata (Goeze, 1792) obtained
during Trichinella inspections. Parasite-Journal de la Societe Francaise de
Parasitologie, 18(3): 271-275.

Portier, J., Jouet, D., Vallee, I. & Ferte, H. 2012. Detection of Planorbis planorbis
and Anisus vortex as first intermediate hosts of Alaria alata (Goeze, 1792) in natural
conditions in France: Molecular evidence. Veterinary Parasitology, 190(1-2): 151-158.

Taylor, M.A., Boes, J., Boireau, P., and 17 others. 2012. Development of harmonised
schemes for the monitoring and reporting of Sarcocystis in animals and foodstuffs in
the European Union. Scientific Report submitted to EFSA.

Rosenthal, B., Yang, Z. & Yuan, L.K. 2012. Sarcocystis spp. pp. 151-166 (Chapter 5),
in: L.J. Robertson and H.V. Smith (editors). Foodborne Protozoan Parasites. Nova
Science Publishers.

Gardiner, C.H., Dyke, J.W. & Shirley, S.F. 1984. Hepatic granuloma due to a nymph
of Linguatula serrata in a woman from Michigan: a case report and review of the
literature. American Journal of Tropical Medicine and Hygiene, 33(1): 187-189.
Buslau, M., Kiihne, U. & Marsch, W.C. 1990. Dermatological signs of
nasopharyngeal linguatulosis (halzoun, Marrara syndrome) - the possible role of
major basic protein. Dermatologica, 181(4): 327.

EFSA. 2012. Food-borne outbreaks: Parasites. pp. 357-358, in: The European
Union Summary Report on Trends and Sources of Zoonoses, Zoonotic Agents and
Food-borne Outbreaks in 2010. Scientific Report of EFSA (European Food Safety
Authority) and ECDC (European Centre for Disease Prevention and Control).
Available at: http://www.efsa.europa.eu/en/search/doc/2597.pdf
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38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

EC (European Commission). 1998. Opinion of the Scientific Committee on Veterinary
Measures Relating to Public Health - Allergic reactions to ingested Anisakis simplex
antigens and evaluation of the possible risk to human health. pp. 1-5. The European
Commission, Health and Consumer Protection. See http://ec.europa.eu/food/fs/
sc/scv/out05_en.html

EFSA (European Food Safety Authority). 2011. Scientific Opinion on assessment of
epidemiological data in relation to the health risks resulting from the presence of
parasites in wild caught fish from fishing grounds in the Baltic Sea. EFSA Journal,
9(7): 2320 [40 p.1.

Jackson, Y., Pastore, R., Sudre, P., Loutan, L. & Chappuis, F. 2007. Diphyllobothrium
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Scholz, T., Garcia, H.H., Kuchta, R. & Wicht, B. 2009. Update on the human
broad tapeworm (genus Giphyllobothrium), including clinical relevance. Clinical
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Wielinga, P.R., de Vries, A., van der Goot, T.H., Mank, T., Mars, M.H., Kortbeek,
L.M. & van der Giessen, J.W. 2008. Molecular epidemiology of Cryptosporidium
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38(7): 809-817.

de Wit, M.A., Koopmans, M.P., Kortbeek, L.M., van Leeuwen, N.J., Bartelds,
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Netherlands. Emerging Infectious Diseases, 7(1): 82-91.

de Wit, M.A., Koopmans, M.P., Kortbeek, L.M., Wannet, W.J., Vinje, J., van
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Journal of Epidemiology, 154: 666-674.

Elwin, K., Hadfield, S.J., Robinson, G. & Chalmers, R.M. 2012. The epidemiology

of sporadic human infections with unusual cryptosporidia detected during routine
typing in England and Wales, 2000-2008. Epidemiology and Infection, 140(4): 673~
683.

Robertson, L.J. & Fayer, R. 2012. Cryptosporidium spp. pp. 33-64 (Chapter 2),
in: L.J. Robertson and H.V. Smith (editors). Foodborne Protozoan Parasites. Nova
Science Publishers.

Vijgen, S.M.C., Mangen, M.J.M., Kortbeek, L.M., van Duijnhoven, Y.T.H.P.
& Havelaar, A.H. 2007. Disease burden and related costs of cryptosporidiosis
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Environment (RIVM) report 330081001/2007.
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and 2010 Epidemic Intelligence Data. European Centre for Disease Prevention and
Control (ECDC), Sweden.

Cook, N. & Lim, Y.A.L. 2012. Giardia duodenalis. pp. 107-132 (Chapter 4), in: L.J.
Robertson and H.V. Smith (editors). Foodborne Protozoan Parasites. Nova Science
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Shields, J. & Ortega, Y.R. 2012. Cyclospora cayetanensis. pp. 65-104 (Chapter 3),
in: L.J. Robertson and H.V. Smith (editors). Foodborne Protozoan Parasites. Nova
Science Publishers.
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48. Pereira, K.S., Barbosa, R.L., Passos, L.A.C., de Aguiar, F.S., Rogez, H., Alarcon de
Noya, B. & Gonzalez, 0.N. 2012. Trypanosoma cruzi. pp. 189-216 (Chapter 7), in: L.J.
Robertson and H.V. Smith (editors). Foodborne Protozoan Parasites. Nova Science
Publishers.

49  Schmunis, G.A. & Yadon, Z.E. 2010. Chagas disease: a Latin American health
problem becoming a world health problem. Acta Tropica, 115(1-2): 14-21.

50. Llenas-Garcia, J., Hernando, A., Fiorante, S., Maseda, D., Matarranz, M., Salto,
E., Rubio, R. & Pulido, F. 2012. Chagas disease screening among HIV-positive
Latin American immigrants: an emerging problem. European Journal of Clinical
Microbiology and Infectious Disease, 31(8): 1991-1997.

51. Pérez-Molina, J.A., Norman, F. & Lépez-Vélez, R. 2012. Chagas disease in non-
endemic countries: epidemiology, clinical presentation and treatment. Current
Infectious Disease Reports, 14(3): 263-274.

52. Sandahl, K., Botero-Kleiven, S. & Hellgren, U. 2011. [Chagas’ disease in Sweden -
great need of guidelines for testing. Probably hundreds of seropositive cases, only a
few known] [In Swedish]. Lakartidningen. 108(46): 2368-2371.

53. Keiser, J. & Utzinger, J. 2005. Emerging foodborne trematodiasis. Emerging
Infectious Disease, 11(10): 1507-1514.

54. Rojas Rivero, L., Vazquez, A., Domenech, |. & Robertson, L.J. 2010. Fascioliasis: can
Cuba conquer this emerging parasitosis? Trends in Parasitology, 26: 26-34

55. Zukiewicz, M., Kaczmarski, M., Topczewska, M., Sidor, K. & Tomaszewska,

B.M. 2011. Epidemiological and clinical picture of parasitic infections in the group
of children and adolescents from north-east region of Poland. Wiad Parazytol.,
57(3):179-187

56. Pinelli, E., Herremans, T., Harms, M.G., Hoek, D. & Kortbeek, L.M. 2011. Toxocara
and Ascaris seropositivity among patients suspected of visceral and ocular larva
migrans in the Netherlands: trends from 1998 to 2009. European Journal of Clinical
Microbiology and Infectious Disease, 30(7): 873-879.

57.  Albajar-Vinas, P. & Jannin, J. 2011. The hidden Chagas disease burden in Europe.
EuroSurveillance, 16(38). pii: 19975.

TABLE A8.4.2 Data availability for Europe for parasite prevalence or concentration in
the main food categories

Anisakis spp.

Seafood Yesifunfrozen
Ascaris'?

Fruits Yes

Vegetables Yes

other Cryptosporidium spp.

Dairy Milk has been associated with outbreaks - no survey data
Seafood Yes 5101 Shellfish.

Fruits Yes 512715

Vegetables Yes [512-15]

Other Water - considerable data available from a range of sources
Cyclospora cayetanensis >8]

Fruits Yes

Vegetables Yes
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Seafood Yes
Echinococcus granulosus

(E. granulosus is transmitted to humans via eggs in dog faeces. However the occurrence of
E. granulosus in slaughter animals is an important part of the transmission cycle, and thus

the prevalence of E. granulosus infection in these food animals is of relevance.)

Beef No data as a food vehicle

Pork No data as a food vehicle

Game No data as a food vehicle

Fruits Yes - little data available

Vegetables Yes - little data available

Other Water - little data available
Echinococcus multilocularis

Fruits Yes - little data available

Vegetables Yes - little data available

Other | Water - little data available
Giardia duodenalis (syn. G. lamblia, G. intestinalis)

Seafood Yes 1161 Shellfish.

Fruits Yes 121417

Vegetables Yes 214171

Other Water - considerable data available from a range of sources.
Sarcocystis bovihominis'®”)

Beef Yes
Sarcocystis suihominis'®’!

Pork ) Y§§ """"""""""""""""""
Taenia saginata

Beef Yes
Taenia solium

Pork Yes. Eastern European countries or illegally imported meat.
Toxoplasma gondii

Beef Yes

Dairy Yes ! In meat of dairy cattle, but not in milk.

Pork Yes. Mainly outdoor pigs.

Poultry Yes, but not relevant.

Game Yes ! Regional in wild boar.

Seafood Possible. Sea mammals can be infected too. Data limited. &
Fruits Yes

Vegetables Yes

Other Lamb and mutton; water?=
Trichinella spiralis

Pork Yes. Outdoor pigs, pig breeding in area of high endemicity.
Game Yes (wild boar and other game).

Other | Horse meat <1/300 00O carcasses.
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T. nativa - freeze resistant, important for game and sea mammals. T. britovi and T. murelli
also important.

Pork Yes Outdoor pigs, pig breeding in area of high endemcity.
Game Yes (wild boar, bears).

Seafood Sea mammals (seals, walrus).

Other Horse meat <1/300 000 carcasses.

Main Sources used in Table A8.4.2

01. Opsteegh, M., Teunis, P., Mensink, M., Ziichner, L., Titilincu, A., Regional
Langelaar, M. & van der Giessen, J. 2010. Evaluation of ELISA test
characteristics and estimation of Toxoplasma gondii seroprevalence in
Dutch sheep using mixture models. Preventive Veterinary Medicine,
96(3-4): 232-240.

02. Guy, E.C., Dubey, J.P. & Hill, D.E. 2012. Toxoplasma gondii. pp 167-188,  Global with
in: L.J. Robertson and H.V. Smith (editors). Foodborne Protozoan regional foci
Parasites. Nova Science Publishers.

03. Halos, L., Thebault, A., Aubert, D. and 10 others. 2010. An innovative Regional
survey underlining the significant level of contamination by Toxoplasma
gondii of ovine meat consumed in France. International Journal for
Parasitology, 40(2): 193-200.

05. Robertson, L.J. 2007. The potential for marine bivalve shellfish to actas  Global
transmission vehicles for outbreaks of protozoan infections in humans: ~ problem
A review. International Journal of Food Microbiology, 120(3): 201-216.

06. Taylor, M.A., Boes, J., Boireau, P. and 17 others. 2012. Development of ~ Regional
harmonised schemes for the monitoring and reporting of Sarcocystis problem
in animals and foodstuffs in the European Union. Scientific Report
submitted to EFSA. 28 p. Available at http://www.efsa.europa.eu/en/
supporting/doc/33e.pdf

07. Rosenthal, B., Yang, Z. & Yuan, L.K. 2012. Sarcocystis spp. pp. 151-166,  Global
in: L.J. Robertson and H.V. Smith (editors). Foodborne Protozoan problem
Parasites. Nova Science Publishers.

08. Scholz, T., Garcia, H.H., Kuchta, R. & Wicht, B. 2009. Update on the Global with

human broad tapeworm (genus Diphyllobothrium), including clinical regional foci
relevance. Clinical Microbiology Reviews, 22(1): 146-160.
09. EFSA [European Food Safety Authority]. 2011. Scientific Opinion on Regional

assessment of epidemiological data in relation to the health risks
resulting from the presence of parasites in wild caught fish from fishing
grounds in the Baltic Sea. Prepared by EFSA Panel on Biological Hazards
(BIOHAZ). EFSA Journal, 9(7): Art. No. 2320 [40 p.].

10. Robertson, L.J. & Fayer, R. 2012. Cryptosporidium spp. pp. 33-64, in: Global with
L.J. Robertson and H.V. Smith (editors). Foodborne Protozoan Parasites. regional foci
Nova Science Publishers.

1. Robertson, L.J. & Gjerde, B. 2008. Development and use of a pepsin Regional
digestion method for analysis of shellfish for Cryptosporidium oocysts
and Giardia cysts. Journal of Food Protection, 71(5): 959-966.

12. Robertson, L.J. & Gjerde, B. 2001. Occurrence of parasites on fruitsand  Regional
vegetables in Norway. Journal of Food Protection, 64(11): 1793-1798.
13. Amords, l., Alonso, J.L. & Cuesta, G. 2010. Cryptosporidium oocysts Regional

and Giardia cysts on salad products irrigated with contaminated water.
Journal of Food Protection, 73(6): 1138-1140.
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14. Di Benedetto, M.A., Cannova, L., Di Piazza, F., Amodio, E., Bono, F., Regional
Cerame, G. & Romano, N. 2007. Hygienic-sanitary quality of ready-
to-eat salad vegetables on sale in the city of Palermo (Sicily). Igiene e
Sanita Pubblica, 63(6): 659-670.

15. Rzezutka, A., Nichols, R.A., Connelly, L., Kaupke, A., Kozyra, I., Cook, Regional
N., Birrell, S. & Smith, H.V. 2010. Cryptosporidium oocysts on fresh
produce from areas of high livestock production in Poland. International
Journal of Food Microbiology, 139(1-2): 96-101.

16. Gomez-Couso, H. & Ares-Mazas, E. 2012. Giardia duodenalis. Global with

Contamination of bivalve molluscs. pp. 133-150, in: L.J. Robertson and regional foci
H.V. Smith (editors). Foodborne Protozoan Parasites. Nova Science

Publishers.
17. Cook, N. & Lim, Y.A.L. 2012. Giardia duodenalis. pp. 107-132, in: L.J. Global with
Robertson and H.V. Smith (editors). Foodborne Protozoan Parasites. regional foci

Nova Science Publishers.

TABLE A8.4.3 Data availability for risk management options for each of parasite-com-
modity combinations

NOTE: The authors were asked to consider all combinations of the particular parasite and the main food categories, namely
Beef, Dairy, Pork, Poultry, Game, Seafood, Fruit, Vegetables and Other.

Ascaris suum

Pork Yes - qualitative assessment
Cryptosporidium

Vegetables Yes - quantitative & semi-quantitative >
Other Water 14

Cyclospora cayetanensis - No data

Fish parasites (Anisakis)

Seafood Yes U8
Quialitative risk analysis
Giardia duodenalis

Vegetables Yes 16,171
Quantitative & semi-quantitative

Other Water 4]

Taenia solium, Taenia saginata

Game Qualitative risk analysis for the pork freezing

Toxoplasma spp. >80

Beef yes

Dairy yes

Pork yes

Game yes

Trichinella spiralis-5

Pork No data, GIS mapping in the USA.[" Qualitative risk analysis for pork
freezing 1
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Sources cited in Table A8.4.3
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02.

03.

04.

05.

06.

07.

08.

Burke, R., Masuoka, P. & Murrel, D. 2008. Swine Trichinella infection
and geographic information system tools. Emerging Infectious Diseases,
14: 1109-1111.

Takumi, K., Teunis, P., Fonville, M., Vallee, |., Boireau, P., N6éckler, K.
& van der Giessen, J. 2009. Transmission risk of human trichinellosis.
Veterinary Parasitology, 159(3-4): 324-327.

Teunis, P.F., Koningstein, M., Takumi, K. & van der Giessen, J.W. 2011.
Human beings are highly susceptible to low doses of Trichinella spp.
Epidemiology and Infection, 14:1-9.

EFSA [European Food Safety Authority]. 2004. Opinion of the Scientific
Panel on Biological Hazards on “the suitability and details of freezing
methods to allow human consumption of meat infected with Trichinella or
Cysticercus”. EFSA Journal, 142:1-50. Online; doi:10.2903/j.efsa.2005.142.

EFSA [European Food Safety Authority]. 2011. Scientific Opinion on
assessment of epidemiological data in relation to the health risks resulting
from the presence of parasites in wild caught fish from fishing grounds in
the Baltic Sea. Prepared by EFSA Panel on Biological Hazards (BIOHAZ).
EFSA Journal, 9(7): Art. No. 2320 [40 p.].

Pozio, E., Alban, L., Boes, J. and 19 others. 2010 Development of
harmonised schemes for the monitoring and reporting of Trichinella in
animals and foodstuffs in the European Union. Scientific Report submitted
to EFSA. 47 p. Available at http://www.efsa.europa.eu/en/supporting/
doc/35e.pdf

Opsteegh, M., Langelaar, M., Sprong, H., den Hartog, L., De Craeye, S.,
Bokken, G., Ajzenberg, D., Kijlstra, A. & van der Giessen, J. 2010. Direct
detection and genotyping of Toxoplasma gondii in meat samples using
magnetic capture and PCR. International Journal of Food Microbiology,
139(3): 193-201.

Opsteegh, M., Prickaerts, S., Frankena, K. & Evers, E.G. 2011. A
quantitative microbial risk assessment for meat-borne Toxoplasma gondii
infection in The Netherlands. International Journal of Food Microbiology,
150(2-3): 103-114.

Bayarri, S. Gracia, M.J., Lazaro, R., Pérez-Arquillué, C. & Herrera, A.
2012. Toxoplasma gondiiin Meat and Food Safety Implications - A Review.
Chapter 13, in: J. Lorenzo-Morales (editor). Zoonosis. Online publ. by
InTech. See: http://www.intechopen.com/books/zoonosis

Pouillot, R., Beaudeau, P., Denis, J.B. & Derouin, F. 2004. A quantitative
risk assessment of waterborne cryptosporidiosis in France using second-
order Monte Carlo simulation. Risk Analysis, 24:1-17.

WHO. 2009. Risk assessment of Cryptosporidium in drinking-water.
WHO doc. no. WHO/HSE/WSH/09.04 See: http://www.who.int/water_
sanitation_health/publications/cryptoRA/en/

Cummins, E., Kennedy, R., Cormican, M. 2010. Quantitative risk
assessment of Cryptosporidium in tap water in Ireland. Science of The Total
Environment, 408(4): 740-753.

Hunter, P.R., de Sylor, M.A., Risebro, H.L., Nichols, G.L., Kay, D.

& Hartemann, P. 2011. Quantitative microbial risk assessment of
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ANNEX 8.5 - NEAR EAST

A8.5.1 Compilation of data availability on food borne parasites
relevant to the Near East

The group comprised Mohammad B. Rokni, Islamic Republic of Iran; Said Shalaby,
Egypt; and Darwin Murrell, Denmark (who acted as group leader).

The region was subdivided into three groups of countries and each assigned to
the group member with the greatest experience with the particular area. After
review of the literature covering all those parasites that had been reported from
the area, the group selected those parasites for which a reasonable amount of data
was available, and these are listed below and in the three tables. After compiling the
tables, the group then wrote this report that summarizes the information displayed
in the tables, and offers opinion on research gaps and relative importance of the
parasites listed.

The group selected the following parasites to be given priority:
o Ascaris spp
o Cryptosporidium parvum
o Echinococcus granulosus & E. multilocularis
«  Entamoeba histolytica
o Fasciola spp.
o Giardia duodenalis (syn. G. lamblia, G. intestinalis)
«  Haplorchis pumilio
o Heterophyes heterophyes
o Taenia saginata
o Toxoplasma gondii
o Trichuris trichiura

The prevalence of water- and foodborne parasites in the area (Enatamoeba, Crypto-
sporidium, Giardia and Toxoplasma) is generally high, as evident from the numerous
prevalence surveys that have been conducted (Tables A8.5.1 and A8.5.2). These
parasites are also of global importance. Overall, the availability and quality of these
reports is good. However, studies on disease burden (e.g. morbidity/mortality or
sequelae) are generally lacking, which makes estimating very difficult. Similarly,
quantitative epidemiology studies are also limited, although a few recent studies
on risk factors have appeared for all of these species.

For helminths, the availability of reports on prevalence is good for certain of the
parasites ( e.g.,, E. granulosus—see Torgerson et al, 2010). Although data are
avaijlable from hospital records, it may not be sufficient to permit reliable estimates
of disease burden.
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Fasciola spp. are second only to Schistosoma spp. as the most common trematode
infection, especially in Egypt, Yemen and Iran, and account for more than one-third
of the world’s cases of fascioliasis. As a proportion of the global burden of disease,
fascioliasis, ascariasis and trichuriasis in Near East countries account for 36%, 3%
and 1%, respectively, of the total global prevalence (Hotez, Savioli and Fenwick,
2012).

In contrast, the prevalence of human Taenia saginata (taeniosis) is infrequently
reported, as is bovine cysticercosis from meat inspection. This is in contrast to
some countries in Africa. Meat inspection data, which would be valuable in esti-
mating risk from this parasite, are not readily available, although such data might
be obtained from the grey literature.

Reports on the fish-borne intestinal flukes (e.g. Haplorchis pumilio and Heterophyes
heterophyes) indicate that these parasites are common in the Nile Delta region of
Egypt, where the food habit of eating improperly cooked fish is well established.

There are numerous prevalence and epidemiology reports on the soil-borne
parasites, Ascaris spp. and Trichuris spp. These parasites are very common through-
out the region.

Overall, the specific food sources for many of the zoonotic parasites are poorly
documented.

A8.5.2 Agri-food trade

Normally, due to low income and geographical situation, many countries of the
region are not exporters of meat and meat products; the greatest income in most
of the countries is from oil. The same may also be true for exports of high-risk
fruits and vegetables, but this needs further inquiry. A potential future obstacle for
some countries in attempting to export beef and lamb could be bovine cysticerco-
sis and echinococcosis. In some countries of Africa, income from export of beef is
negatively affected by bovine cysticercosis. One study on the economic impact of
echinococcosis relevant to area was found (see Table A8.5.2).

A8.5.3 Consumer perception and social sensitivity

There is limited information on knowledge, attitude and behaviour of consumers
related to foodborne parasites in region. In Iran there are several studies on echi-
nococcosis, and the results show that general perception is not good.

This topic has not been widely discussed in the region compared with other

regions, judging by the global literature. Local awareness of parasitic disease
is poor, although there are limited studies in Iran. Continued turmoil in many

MULTICRITERIA-BASED RANKING FOR RISK MANAGEMENT OF FOOD-BORNE PARASITES



countries of the region prevents governments from raising social sensitivity on this
topic, and accordingly people are not interested or aware.

A8.5.4 Risk management

The strategies for the reducing the risk from foodborne parasites vary consider-
ably, reflecting the diversity of these parasite’s life histories and their epidemiol-
ogy, and so are not easily generalized. Although regional reports are few, there are
numerous recommendations in the global literature, as noted in Table A8.5.3.

A8.5.5 Sources cited in the discussion

Hotez, PJ., Savioli, L. & Fenwick, A. 2012. Neglected tropical diseases of the Middle
East and North Africa: Review of their prevalence, distribution, and opportunities
for control. PLoS Neglected Tropical Diseases, 6(2): Art. no. e1475 [Online; DOI:
10.1371/journal.pntd.0001475].

Torgerson, P.R., Keller, K., Magnotta, M. & Ragland, N. 2010. The global burden of
alveolar echinococcosis. PLoS Neglected Tropical Diseases, 4(6): Art. no. €722 [On-
line; DOI: 10.1371/journal.pntd.0000722].
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Table A8-5-3 Data availability for risk management options for each of parasite-com-
modity combinations in the Near East

Read in close conjunction with Tables A8.5.1and A8.5.2

NOTE: The authors were asked to consider all combinations of the particular parasite and the main food categories, namely
Beef, Dairy, Pork, Poultry, Game, Seafood, Fruit, Vegetables and Other.

Ascaris lumbricoides, Trichuris trichiura

The main source of infection is vegetables, so the best management would be to prevent
use of night soil on vegetable farms, and improving composting techniques for manure.
Fruits Yes

Vegetables Yes 7]

Echinococcus granulosus

Control of dog populations in endemic areas is necessary. There are possible implication
for fruits and vegetables. See references 15-22.

Beef Yes
Pork Yes
Game Yes
Fruits Yes
Vegetables Yes

Entamoeba hystolytica, Giardia duodenalis (syn. G. lamblia, G. intestinalis) and Crypto-
sporidium parvum

The parasites Entamoeba, Giardia and Cryptosporidium can be grouped as primarily
waterborne. Risk reduction involves the supply of potable, safe water for not only drinking,
but also for food preparation and washing mouth and hands. Relevant publications linked
to these parasites are in Table A8.5.2.
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Fruits Yes[-10]
Vegetables Yes -0l
Other Yes. All are water-borne.

Fishborne trematodes: Heterophyes heterophyes, Haplorchis pumilio, Procerovum spp.

Only fish and humans are important in the control of this zoonosis. Dogs may play a role
as alternative definitive host in endemic areas. Major risk factors include the use of fish
from infested regions and improper cooking, or even eating fish raw with spices. Strict
fish muscle examination is needed, especially for imported fish. Deep freezing on board
is mandatory for imported fish. Examination by veterinary and health authorities and
application of national standards is obligatory.

Seafood Yes

Fasciola spp.

Risk management programmes are described in numerous publications, specific for
humans or for livestock. See references 23-24.

Beef Yes
Dairy Yes
Pork Yes
Game Yes
Vegetables Yes
Taeniasaginata

Because of strict host specificity, only cattle and humans are important in the epidemiology
and control of this zoonosis. Major risk factors include exposure of animals to faecal waste.
For humans, exposure to inadequate meat inspection, inadequate cooking temperatures.
Considerable information on this available in the WHO/FAO/OIE Guidelines®.

For mitigation of risk in cattle and consumer meats, see reference 25.

For control in humans and egg contamination of the environment (by cattle), see reference

26.
Beef Yes
Dairy Yes?
W'.I";);;plasma g&&ﬁi """"""""""""""""""""""

Recent evidence that Toxoplasma could be transmitted by contaminated fruits and
vegetables is covered in references 11-14, g.v. See Table A8.5.2 for references on meat and
water transmission. Risk management will require improvement in water safety as well as
prevention of exposure of livestock to infected cats.

Beef Yes 141
Dairy Yes -4
Pork Yes -4
Poultry Yes[14
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ANNEX 8.6 - NORTH AMERICA
WITH NOTES ON CENTRAL AMERICA

A8.6.1 Report preparation

This summary of data availability on foodborne parasites relevant to the North
American region was compiled by Ronald Fayer, USA; Brent Dixon, Canada; and
Ynes Ortega, USA, who acted as leader. Communication via e-mail and telephone
served to compile information and complete the tables used to draft this report.

A8.6.2 Data availability on human occurrences and food
attribution

Four parasite genera are of most importance in North America: Toxoplasma, Cryp-
tosporidium, Cyclospora and Giardia. Data relevant to these parasites are available
in published reports on cases, outbreaks, surveys and public records. There is in-
sufficient or lack of data from exporting countries (fresh produce, meats, fish and
shellfish) and where parasites are endemic. There was limited information on good
agricultural practices, water quality, and worker hygiene (sanitation). Informa-
tion that could be used for trace-back investigations is not readily available, which
delays outbreak investigations.

In addition, an attempt was made to identify appropriate sources from Central
America. The meagre information available is summarized in Table A8.6.4.

A8.6.3 Data on the burden of disease and food attribution

The data accessible has been summarized in Table A8.6.1.

The estimated costs (in US dollars) of illness caused by the four pathogens
of concern in North America are: Cryptosporidium ($47 million), Cyclospora
($2 million) and Toxoplasma ($2.973 billion). Toxoplasma is considered the fourth
leading cause of hospitalizations (n=4428) and the second cause of deaths (n=327)
associated with foodborne illnesses in the USA. Annually the estimated number of
illnesses attributed to Cyclospora in the USA is 11 407, 57 616 for Cryptosporidium,
86 686 for Toxoplasma and 76 840 for Giardia.

Data on parasite prevalence, incidence and concentration in the main food catego-
ries are summarized in Table A8.6.2

A8.6.4 Agri-food trade

From the high-profile Cyclospora outbreaks in North America, consumers are
aware of the risks of eating fresh produce from developing countries, especially
raspberries, mesclun lettuce and basil. The economic impact on producers if their
food item is implicated in a foodborne outbreak is significant. That was the case
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of Cyclospora in 1995, where the outbreak was incorrectly attributed to California
strawberries. This resulted in a $20 million loss to that industry. Outbreaks associ-
ated with Cyclospora in 1996 and 1997 caused illness in more than 2000 individu-
als in North America. Contaminated raspberries from Guatemala were identified.
As result of these outbreaks, imports of Guatemalan raspberries to the USA and
Canada were restricted, resulting in significant losses to the berry industry.

A8.6.5 Consumer perception

As result of widely publicized foodborne outbreaks in North America, consumers
are aware of risks associated with eating fresh produce, especially from developing
countries. Washing fresh produce is common practice and thoroughly cooking or
freezing of meats is common practice. Consumers expect government inspection
to keep food safe, but pre- and post-harvest points of contamination for fruits and
vegetables consumed raw has largely been the responsibility of the food industry.
Wildlife and other uncontrollable sources of parasites make treatment of wash
water and drinking water essential. Parasites are highly resistant to chlorination
and many disinfectants. Cryptosporidium is susceptible to UV, ozone, drying and
extreme temperatures. Limited information is available with other parasites, par-
ticularly Cyclospora.

It should be a priority for the food industry to address pre- and post-harvest points
of contamination for fruits and vegetables that are intended to be consumed raw.

A8.7.6 Social sensitivity

As a result of high-profile outbreaks involving fresh produce from developing
countries, consumers are concerned about working conditions for food handlers
and their access to sanitation facilities.

Seafoodborne trematode infections, not yet a major problem, are associated with
immigrants from SE Asia; likewise for fascioliasis and hydatidosis there is concern
concerning food contamination from immigrant food handlers from Central and
South America. Toxoplasmosis and trichinellosis from poorly cooked game meats
(bear, wild boar, marine mammals, etc.) are primarily associated with social groups
like hunters and native peoples (such as Inuit), who often consume raw or dried
meats. Toxoplasmosis is a recognized concern of physicians for women during
pregnancy, but emphasis for prevention is placed on potential contamination from
cats rather than from foodborne infection.

A8.6.7 Risk management

Risk management is summarized in Table A8.6.3.
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TABLE A8.6.2 Data availability for parasite prevalence or concentration in the main
food categories

Alaria spp.

Seafood Yes Frogs.

Anisakis spp.

Seafood Yes 3] Marine fish, squid.

Blastocystis spp.

Vegetables Yesl®! Leafy vegetables.

Other

Cryptosporidium spp.

Dairy Yes®! Un-pasteurized milk.
Seafood Molluscan shellfish.
Fruits Yes. Apple cider.

Vegetables Yes. Green onions; produce.

Other Water; prepared foods.
Cyclospora spp. "
Fruits Yes. Raspberry.

Vegetables Yes. Lettuce, basil, snow peas, watercress.

Other
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Diphyllobothrium spp.

Seafood Freshwater crustaceans (100%).

Seafood Yes“Gl Marine fish.

Seafood Yes”O 21 Raw freshwater and anadromous fish.

Echmostomldae

Seafood Yes“ 2 Frogs, snakes, fish, clams, snails.

Fasc:ola hepatlca

Vegetables Yes”] Aquatic vegetation: watercress.

Giardia spp. ]

Seafood Molluscan shellfish.
Vegetables Yes; fresh produce.
Other Water; prepared foods.
..Hetero.;)hyes heterophyes """"""""""""""""
Seafood Yesm Sushi prepared from fish imported from SE Asia.
“Metagomrrru; .
Seafood Yesm Sushi; possibly salad contaminated with metacercariae.
“Nanophyetes .
Seafood Yes” 2 Raw salmon, steelhead trout, trout eggs.

Op:sthorchrs viverrini and Clonorchis sinensis

Seafood Yes” 2 Numerous species of freshwater fish.

Paragommus kelhcottr

Seafood Yes[3 Freshwater crustaceans (100%).

Paragommus mexicanus

Paragommus westermam

Seafood Yes“ 2 Freshwater crustaceans (100%): crayfish, crabs.
Pseudoterranova spp.

Trlchmella spp el

Pork Yes. Pork meat

Game Yes Bear walrus, wild boar, cougar.

Toxoplasma spp )

Beef Yes

Dairy Yes

Pork Yes

Poultry Yes

Game Yes; caribou, seal
Seafood Molluscan shellfish
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Fruits No data, but oocyst contamination is feasible
Vegetables No data, but oocyst contamination is feasible
Other Water

Trypanosoma cruzi
Very little substantive data available.
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TABLE A8.6.3 Data availability for risk management options in North America for each
parasite-commodity combination

NOTE: The authors were asked to consider all combinations of the particular parasite and the main food categories, namely
Beef, Dairy, Pork, Poultry, Game, Seafood, Fruit, Vegetables and Other.

Alaria spp.

Seafood RARE

Anisakis spp., Pseudoterranova spp.

Seafood Yes B Fish surveillance studies; candling of fillets at processing plants; use
of pre-frozen fish for sushi; consumer education

Blastocystis spp.

Fruit Good agricultural practices, e.g., water quality, worker hygiene, compost
requirements; consumer and food handler education regarding fresh
produce

Vegetables Good agricultural practices; consumer and food handler education
regarding fresh produce

Cryptosporidium spp.

Beef Yes! Heat and freezing

Dairy Yes[ Pasteurization

Seafood Yes B! Shellfish sanitation programs

Fruit Yes® Good agricultural practices, e.g., water quality, worker hygiene,

compost requirements; consumer and food handler education regarding
fresh produce; surveillance studies; disinfectants

Vegetables Yes® Good agricultural practices; consumer and food handler education
regarding fresh produce; surveillance studies; disinfectants

Other Yes ! Fruit juice pasteurization

Cyclospora cayetanensis

Fruit Yes® Good agricultural practices; import restrictions; surveillance studies;
former “Model Plan of Excellence” program in Guatemala; disinfectants

Vegetables Yes B! Good agricultural practices; import restrictions; surveillance studies;

disinfectants

Diphyllobothrium spp.
Seafood Yes B! Fish surveillance studies; wild-caught vs aquaculture (pelleted feed);
consumer education

Trichinella spp.
Pork Routine surveillance of commercial swine

Game Surveillance of wildlife harvested for food; trichinellosis program in Arctic

Seafood Yes -3l Consumer education (cooking/freezing); good sanitation; import
restrictions
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Seafood Yes ! Shellfish sanitation programmes
Fruit Yes B! Good agricultural practices; surveillance studies

Vegetables Yes B! Good agricultural practices; surveillance studies

Metagonimus spp.

Seafood Yes (23] Consumer education (cooking/freezing); good sanitation; import
restriction

N&Aophyetes spp - - R

Seafood Yes -3l Consumer education (cooking/freezing); good sanitation; import
restriction

Seafood Yes -3l Consumer education (cooking/freezing); good sanitation; import
restriction

Seafood RARE
Toxoplasma gondii
Beef Yes ¢ Meat surveillance studies; consumer and food handler education

(cooking and freezing)
Dairy Yes 8 Milk pasteurization requirements

Pork Yes % Meat surveillance studies; consumer and food handler education
(cooking and freezing)

Poultry Yes>61 Meat surveillance studies; consumer and food handler education
(cooking and freezing)

Game Yes 8 Meat surveillance studies; seroprevalence studies on wildlife;
consumer and food handler education (cooking and freezing)

Seafood Yes >8] Shellfish sanitation programs
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TABLE A8.6.4 Data availability for Central America

Disease
Parasite species Disease in humans ;e:it:lrlty/ Ma[n f°9d S Rl
populations attribution
at risk
Algriaspp.
Anisakis spp.
Blastécystis épp. O Yeseaw
30% of 456 children in
day care centres in Cuba;
39% of local populations
e nCUba
Cyclospora cayetanensis  Yes!- Yes (6.1
Endemic in Guatemala Outbreak in Quebec,
(2.3% prevalence). Canada, in 2005
Among 182 raspberry associated with fresh
farm workers and family basil from Mexico.
members examined in Reported in lettuce
Guatemala, 3.3% had from local markets in
Cyclospora infection; Costa Rica
Another study failed to
detect oocysts among
raspberry farm workers in
) ) Guatemala
Cryptosporidium spp.
Diph}'/‘llobothurium S

spp. (D. dendriticum,
D. latum, D. ursi,
D. nih‘onkaiepse)
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Parasite species

Disease in humans

Disease

;e;/i(:‘ rity/ Main food source and
populations attribution
at risk

Echinococcus
granulosus,
E. multilocularis

Echinpstomigjae

Entamoeba histolytifa

Yes [11]

In Mexico, Entamoeba
histolytica antibodies
foundin 4.49%

Fasciéla hepéltica

Giard)'a duodénalis H
(syn. G. intestinalis,
G. lamblia)

Nail biting and eating
unwashed vegetables
raw were significantly
associated with infection
in hospitalized children
in Cuba; 54.6% of 456
children in day cares

in Cuba; 25% of local

Hetel:ophyesu
heterophyes

Metagonimqs spp.

Nanqphyete; spp.

Opisthorchis viverrini
and Clonorchis sinensis

Paragonimus spp.

Pseudoterranova sp'b,

Taenia solium

Yes[12—15]

4.9-10.8% tested
positive for cysticercosis
in villages in Mexico;

T. solium taeniasis and
cysticercosis are endemic
in Guatemala; Clinical
incidence of neuro-
cysticercosis can reach 7%
in Mexico.

Honduras: cysticercosis
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Disease

. . . . seve s/ Main food source and
Parasite species Disease in humans main -
. attribution
populations
at risk

Toxoplasma gondii Yes!®

Estimated incidence in

Trichinella spp.
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ANNEX 8.7 - SOUTH AMERICA
A8.7.1 Report preparation

The Group members were: Jorge Enrique Bolpe, Argentina, and Jorge Enrique
Gomez-Marin, Colombia. Their sources included systematic literature reviews,
involving bibliographic database searches (Pubmed, Scopus, Scielo) and own data
from unpublished reports (Dr Gémez-Marin). Additionally, literature reviews of
bulletins, national reports, book articles and technical guidelines were used (Dr
Bolpe).

A8.7.2 Data availability in humans and food attribution

Good evidence exists about Toxoplasma presence in meat for human consump-
tion, although some countries have only limited data. Good quality reports exist
of foodborne Trypanosoma infection. There is good information on the quantity
and quality of regional data concerning trichinellosis and cystic echinococcosis in
humans in Argentina and other countries in southern of South America, probably
because these diseases are included in the national epidemiological surveillance
systems in the affected countries. There is also valuable information regarding
the identification of food infected with Trichinella, with the identification of the
specific species (T. spiralis).

Data on the burden of disease and food attribution are summarized in Table A8.7.1,
and data on parasite prevalence, incidence and concentration in the main food cat-
egories are covered in Table A8.7.2.

A8.7.3 Agri-food trade

All the countries in South America export fruits to many continents. Notably,
during the last decade, Colombian fruit exports doubled to a total US$ 800 million
and more than 1800 ton (Proexport data). Brazil and Argentina export significant
volumes of horse and beef meat, while pork meat exportation is less important. At
present there are no data indicating the presence of parasites in horses. However,
in Argentina, because of trichinellosis endemicity, all horse and pork meat for ex-
portation must be certified with a negative test of peptic digestion performed by
the National Animal Health Service.

A8.7.4 Consumer perception

The recent free-trade agreement with the United States of America has raised
important questions concerning sanitary security. In Colombia, for example, wide
public consumer debates have developed regarding the origin and security of
chicken imports from United States of America. A recent urban outbreak of food-
borne trypanosomiasis in a school in Caracas, Venezuela, portends a new epide-
miological situation for this disease in Brazil, Colombia and Venezuela. For trichi-
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nellosis consumer perception in Argentina, some parts of the population show a
consumer willingness to accept risk in food consumption without sanitary control.
In Argentina, many people are regular consumers of pork in the form of stuffed
products, such as sausages produced by local butchers, and avoid foods processed
under industrial conditions with sanitary control. This is enhanced by current
cultural trends. In many family outbreaks, the consumers who have bred pigs using
poor husbandry produced food without the detection of Trichinella infection in pig
carcasses. Cystic echinococcosis from the ingestion of green vegetables contami-
nated with oncospheres is possible in rural areas the parasite is endemic, where
cultural practice encourage the parasitic cycle through the slaughter of domestic
sheep and the feeding of dogs with raw viscera.

A8.7.5 Social sensitivity

There have been increased foodborne outbreaks in most of countries in the
region, reflecting cultural changes and increases in the frequency of eating outside
the home. Theses outbreaks have been widely publicized, and public pressure
developed to reinforce health authority controls.

Trichinellosis

The economic impact of trichinellosis is apparent in the control system for
detecting this infection in potential Trichinella carriers, mainly in slaughterhouses,
and the occurrence of the disease in human and animals. The economic loss due
to the destruction of infected carcases is a significant economic loss in Argentina.
The cost for human treatment has been estimated at US$ 6000 in the United Staes
of America, and at US$ 3000 in Europe.

Cystic echinococcosis

In a Regional Socio-economic Impact of Cystic Echinococcosis (CE) in Argentina,
Brazil, Chile and Uruguay, DALY calculated for the region as a measure of damage
caused by CE were 1551.83 due to premature death and 1766.93 due to different
degrees of disability, both values adjusted for reported cases. The overall monetary
cost of CE in the countries—collating human cases, the lost income due to relapse
and morbidity, and livestock losses associated with the condemnation of the liver,
reduced carcass weight, loss of milk production, decreased fertility and wool
yield—was estimated in the range of at least US$ 75 million to a maximum of
US$ 97 million (See ref. [83] in Table A8.7.1).

For Global Socio-economic Impact, when no underreporting is assumed,
the estimated human burden of disease is 285 407 DALYs or an annual loss of
US$ 193 530 000.

A8.7.6 Risk management

Data are summarized in Table A8.7.3.
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TABLE A8.7.2 Data availability for parasite prevalence or concentration in the main
food categories for South America

Balantidium coli No substantive data.

Blastocystis spp.
Vegetables Yes? Colombia: 44% tomatoes; 37% carrot; 28% cabbage; 25% onion.
Other Yes?2 Colombia: 34% of eggs.

Cyclospora cayetanensis
Fruits Yes 2231

Vegetables Yes-23
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Entamoeba histolytica No substantive data.

Giardia spp. No substantive data.

Hymenolepis nana No substantive data.

Toxoplasma gondii °-2"

Beef

Pork

Poultry

Game
Other

Colombia: 48% by PCR

Colombia: seroprevalence 35%

Brazil: 49.4% seropositive (38/77) in cattle in Rio Janeiro;
For comparison: 0% by bioassay in USA

Colombia: 29-70% by PCR

Erechim, Brazil: 17/50 (34%) samples from the diaphragm and 33/50 (66%)
samples from the tongue demonstrated a positive PCR reaction.

Colombia: seroprevalence 9-15%.

Rio Janeiro, Brazil: seroprevalence 7.64% (31/406) in pigs; 11.5% (7/61) in
pigs.

Londrina, Brazil: bioassay in mice, 13 (8.7%) sausage samples were

positive, in one of them T. gondii was isolated and in the other 12 the mice
seroconverted)

1% USA; USA 24-92% by bioassay

40% by PCR (Colombia); Seroprevalence 16% (Colombia); 40%
seroprevalence in free range chicken in Espirito Santo, Brazil.
Deer: 21%-27% by bioassay (USA)

Sheep: 4-77% (bioassay, USA); Brasil seroprevalence 1980-2011: 18.6% Sao
Paulo to 61% Minas Gerais

Trichinella spiralis 8!

Pork

Game

Argentina: in 11.7% of 1128 human cases the suspected food was pork meat
and derivatives 1-150 larvae per gram.

Argentina: pigs in Buenos Aires Province studied by DAR had 2.07%
prevalence, with worm burdens 8.4-105.6 larvae per gram of muscle.

ELISA serology prevalence 20-21%

Argentina: Muscle larvae of Trichinella from infected animals were identified
at the species level by PCR in 38 of 56 pork products.

Argentina: 300 pigs slaughtered in Rio Negro province 2000-2002 had
prevalence (DAR) of 4.8-7.3%.

ELISA serology prevalence in 181 animals 19.9%.

Argentina: Trichinella spp. from a sylvatic cycle caused human outbreaks due
to eating meat from puma, armadillo and wild boar.
Chile: human trichinosis from eating roast wild boar (Sus scrofa)

Trypanosoma cruzi

Fruits

Yes!”-81 Experimental infection. In outbreak oral transmission by juice fruits
considered the most important origin.
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Echinococcus granulosus (See refs 13-14)

Beef In endemic areas of Argentina, Chile, Uruguay, Brazil and Peru: Control
programmes with systematic de-worming of rural dogs, improvement
of family slaughter of sheep and pigs for human consumption, avoiding
feeding dogs with raw viscera, and health education of rural inhabitants.

Pork In endemic areas of Argentina, Chile, Uruguay, Brazil and Peru: Control
programmes with systematic de-worming of rural dogs, improvement
of family slaughter of sheep and pigs for human consumption, avoiding
feeding dogs with raw viscera, and health education of rural inhabitants.

Vegetables In endemic areas of Argentina, Chile, Uruguay, Brazil and Peru: Control
programmes with systematic de-worming of rural dogs, improvement
of family slaughter of sheep and pigs for human consumption, avoiding
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Beef

Pork

Poultry

Pre harvest: remove cat from farm; reduce or prevent oocyst shedding
contamination; sterilize feed and bedding; no outdoor access; reduce
exposure to oocysts.

Toxoplasma-infected rodents: rodent control programme; reduce
transmission of Toxoplasma to omnivorous meat animals.

Tissue cysts in meat: post-harverst. Irradiation at 0.4-0.7 kGy or
high-pressure processing at 300-400 MPa can inactivate T. gondii tissue
cysts in meat.

However, the effects of irradiation on colour and of high pressure treatment
on colour and texture have limited consumer acceptance.

Freezing meat to an internal temperature of -12°C kills T. gondii tissue cysts.
Salting, curing, smoking, and the addition of solutions to meat to enhance
colour and taste can reduce the viability of T. gondii in meat. However,
there is too much variability in these procedures to make a safety
recommendation.

Pre harvest: remove cat from farm; reduce or prevent oocyst shedding
contamination; sterilize feed and bedding; no outdoor access; reduce
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Salting, curing, smoking, and the addition of solutions to meat to enhance
colour and taste can reduce the viability of T. gondii in meat. However,
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Freezing meat to an internal temperature of -12°C kills T. gondii tissue cysts.
Salting, curing, smoking, and the addition of solutions to meat to enhance
colour and taste can reduce the viability of T. gondii in meat. However,
there is too much variability in these procedures to make a safety
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Recommended methods for monitoring Trichinella in domestic and wild
animals for human consumption Trichinella control at all levels (farm,
slaughterhouse and processed meats)

Breeding improvement
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Infectious diseases caused by food-borne parasites hae not receie d
the same lee | of attention as other food-borne biological and chemical
haa rds. Nee rtheless, they cause a high burden of disease in
humans, may hae prolonged, see re, and sometimes fatal outcomes,
and result in considerable hardship in terms of food safety, security,
quality of life, and negatie impacts on lie lihoods. The transmission
routes for food-borne parasites are die rse. They can be transmitted
by ingesting fresh or processed foods that hae been contaminated
via the environment, by animals or people. Additionally, notification to
public health authorities is not compulsory for most parasitic diseases,
so official reports do not capture the true prevalence or incidence of
the diseases, as much underreporting occurs.

This report presents the results of a global ranking of food-borne
parasites from a food safety perspectie . It also prov des an oe rvew
of the current status of knowledge of the ranked parasites in food and
their public health and trade impact, and proi des adi ce and guidance
on the parasite-commodity combinations of particular concern, the
issues that need to be addressed by risk managers, and the risk man-
agement options ae ilable to them. It documents the ranking process
used to facilitate its adoption at regional, national, or local lee Is.

This @ lume and others in this Microbiological Risk Assessment
Series contain information that is useful to both risk assessors and
risk managers, the Codex Alimentarius Commission, goe rnments
and regulatory agencies, food producers and processers and other
institutions or indiv duals with an interest in foodborne parasites and
their impact on food safety, public health and lie lihoods.
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