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ADVISORY COMMITTEE ON THE MICROBIOLOGICAL SAFETY OF
FOOD’S (ACMSF) DRAFT RISK PROFILE IN RELATION TO
TOXOPLASMA IN THE FOOD CHAIN

DETAIL OF CONSULTATION

Introduction

1. The Advisory Committee on the Microbiological Safety of Food (ACMSF) is a
scientific advisory committee that provides the FSA with independent expert advice.
This helps the Agency ensure that policy development and consumer advice in
relation to the microbiological safety of food are based upon sound science and
relevant practical experience and expertise. The Committee’s terms of reference are
to assess the risk to humans from microorganisms which are used or occur in or on
food and to advise the FSA on any matters relating to the microbiological safety of
food.

2. In December 2006 and March 2007 the FSA sought the views of the ACMSF
on the significance of toxoplasmosis in the UK.

3. The ACMSF was asked to consider whether current evidence indicates a
food safety issue that needs to be addressed, which food sources are most likely to
present a significant risk and what further investigations may be necessary to obtain
robust data on UK prevalence and foodborne sources of toxoplasmosis.

4. The issue was referred by the full Committee to the Ad Hoc Group on
Vulnerable Groups who met in December 2008 to begin their considerations on
toxoplasma in the food chain. The Group met on seven occasions over a period of 28
months.

5. The Ad Hoc Group considered information on the prevalence of
toxoplasmosis in humans, estimates of the burden of disease in the UK and other
countries, seroprevalence data in farmed and non farmed animals and studies on the
presence and survival of toxoplasma in foods. In order to review the relative
importance of different sources of infection they considered published information
from outbreak reports and case control studies. The Group also reviewed the
consumer advice given by different countries in relation to reducing the risk of
becoming infected with toxoplasma.

6. The information reviewed was used to produce a risk profile for toxoplasma
in the UK.

The Report

7. The Ad Hoc Group’s draft report (Annex B) has now been approved by the
full Committee and is attached for comment. The structure of the report is as follows:

e Summary — an outline of the key conclusions and recommendations;

e Chapter 1 summarises the background to the ACMSF’s deliberations and
describes the Committee’s approach to its work;

e Chapters 2 and 3 provide an introduction to Toxoplasma gondii;
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e Chapters 4 and 5 discuss the prevalence of human toxoplasmosis and clinical
disease;

e Chapter 6 examines burden of human disease;

e Chapter 7 reviews information on toxoplasma carriage in farm animals, wild
animals and pets;

e Chapter 8 reviews studies on toxoplasma in food;
e Chapter 9 discusses foodborne versus other sources of toxoplasma infection;
e Chapter 10 covers existing consumer advice;

e Chapter 11 summarises the data gaps highlighted by the Group together with
the conclusions and recommendations from each chapter.

The key conclusions and recommendations from the report are:

Although the majority of cases of toxoplasmosis will occur in the immunocompetent,
the largest burden of disease is likely to be associated with infection of immune-
compromised individuals among whom symptoms are more severe and potentially
life-threatening. Accurate figures are not available but it is estimated that 350,000
people become infected with toxoplasma each year in the UK, of which 10-20% are
symptomatic. Whilst the lack of accurate data for overall incidence and severity of
symptoms is a barrier to achieving accurate estimates of the burden of disease and
economic impact in the UK, it seems reasonable to proceed on the assumption that
it will not be significantly different from the assessments made in the USA and
Netherlands that the costs of the relatively small proportion of cases with severe
disease make toxoplasmosis one of the most costly of gastro-intestinal infections.

- Recommendation: Further work to assess the importance of the foodborne
route of infection, to identify the most important risks and appropriate risk
management measures, and to refine the burden of disease assessment is
justified.

- Recommendation: Risk management strategies could be focused on relevant
sub-populations.

Susceptibility of intermediate hosts to toxoplasma infection varies according to
species with seroprevalence data indicating that infection is most common in
sheep, pigs and wild game. Cattle appear to be relatively resistant to infection.
There is a very small amount of data on meat contamination in the UK but (other
than a recent serological survey in sheep) virtually no data on the presence of the
parasite in farm animals reared in the UK. Further data on seroprevalence in farm
animals would be useful in monitoring the effectiveness of control measures in
animal husbandry and testing of a larger range of meat samples would be useful in
identifying the main sources of risk.

- Recommendation: Further studies are recommended to establish
seroprevalence in UK livestock species and to enable the outcome of these
studies to be related to prevalence and levels of viable tissue cysts in edible
tissues.



e Toxoplasma has been found in a wide variety of meats. However based on the
available, limited evidence, beef and housed chicken appear less commonly
infected, than other meat. Tachyzoites and bradyzoites are relatively fragile
whereas oocysts and tissues cysts are relatively resistant to food preparation and
processing. Washing of salads and vegetables may remove some surface
contamination of oocysts, whereas inactivation of the more resistant tissue cyst
requires adequate cooking. Curing of meats may inactivate tissue cysts, depending
on the process used.

- Recommendation: It would significantly assist risk assessment if further
studies were undertaken to determine the prevalence and concentration of
toxoplasma contamination in foods in the UK and to assess the effect of a
number of microbiological reduction/destruction processes e.g. salad washing,
milk fermentation and various meat curing methods on toxoplasma.

- Recommendation: It is also recommended that methods are developed to
assess the number of viable tissue cysts in edible tissue.

e Oocyst contamination of the environment is an important risk factor in infection and
consumption of undercooked meat is also likely to be an important risk factor for
pregnant women and immune-compromised groups. However the relative
contribution of food associated toxoplasma infection is not well-defined and not
known in the UK. None of the case control studies has involved cases in the UK.

- Recommendation: Given the variability in seroprevalence across Europe,
differences in food handling and consumption, and in climate, a case control
study in the UK should be considered.

- Recommendation: If food is confirmed as an important source of infection
better data are required on the incidence of human infection and its
complications in the UK as a baseline for subsequent comparison.

e There is a variation in the consumer advice given by different countries in relation to
toxoplasmosis.

- Recommendation: The current UK advice to pregnant women should be
reviewed in the light of current knowledge, and the advice given by other
countries.

- Recommendation: The need for similar advice for other immune-
compromised groups should also be considered.

Consultation process

9. This consultation is being held for the full 12 weeks statutory consultation
period. Comments are invited on any aspects of the draft report and its
recommendations. The report is not seeking to amend legislation or provide any
guidance. Consultation is not accompanied by an impact assessment because
ACMSF has no regulatory status. The finalised report will be submitted by ACMSF to
the FSA and it is for the FSA to decide whether to accept the recommendations
outlined in the report and whether to produce an impact assessment should the
recommendations be accepted.



Next steps following the consultation process

10. We aim to publish a summary of responses received within three months of
the consultation ending. The ACMSF will review its draft report in the light of any
comments received before submitting a final version to the FSA Chief Scientist
seeking his approval for publication.

Responses

11. Responses are required by close 7 March 2012. Please state, in your
response, whether you are responding as a private individual or on behalf of an

organisation/company (including details of any stakeholders your organisation
represents).

Thank you on behalf of the Food Standards Agency for participating in this public
consultation.

Yours,

Mr Adekunle Adeoye

ACMSF Secretariat

Hygiene and Microbiology Division

Enclosed

Annex A: Standard Consultation Information

Annex B: Draft Report

Annex C: List of interested parties



STANDARD CONSULTATION INFORMATION Annex A
Queries

If you have any queries relating to this consultation please contact the person named
on page 1, who will be able to respond to your questions.

Publication of personal data and confidentiality of responses

In accordance with the FSA principle of openness our Information Centre at Aviation
House will hold a copy of the completed consultation. The FSA will publish a
summary of responses, which may include your full name. Disclosure of any other
personal data would be made only upon request for the full consultation responses.
If you do not want this information to be released, please complete and return the
Publication of Personal Data form, which is on the website at
http://www.food.gov.uk/multimedia/worddocs/dataprotection.doc Return of this
form does not mean that we will treat your response to the consultation as
confidential, just your personal data.

In accordance with the provisions of Freedom of Information Act 2000/Environmental
Information Regulations 2004, all information contained in your response may be
subject to publication or disclosure. If you consider that some of the information
provided in your response should not be disclosed, you should indicate the
information concerned, request that it is not disclosed and explain what harm you
consider would result from disclosure. The final decision on whether the information
should be withheld rests with the FSA. However, we will take into account your views
when making this decision.

. Any automatic confidentiality disclaimer generated by your IT system will not be
considered as such a request unless you specifically include a request, with an
explanation, in the main text of your response.

Further information

. Alist of interested parties to whom this letter is being sent appears in Annex C.
Please feel free to pass this document to any other interested parties, or send us
their full contact details and we will arrange for a copy to be sent to them direct.

. Please let us know if you need paper copies of the consultation documents or of
anything specified under ‘Other relevant documents’.

. This consultation has been prepared in accordance with HM Government Code of
Practice on Consultation, available at: http://www.berr.gov.uk/files/file47158.pdf
The Consultation Criteria from that Code should be included in each consultation and
they are listed below:

The Seven Consultation Criteria

Criterion 1 — When to consult
Formal consultation should take place at a stage when there is scope to influence
the policy outcome.

Criterion 2 — Duration of consultation exercises
Consultations should normally last for at least 12 weeks with consideration given
to longer timescales where feasible and sensible.

Criterion 3 — Clarity of scope and impact


http://www.food.gov.uk/multimedia/worddocs/dataprotection.doc
http://www.berr.gov.uk/files/file47158.pdf

STANDARD CONSULTATION INFORMATION Annex A

Consultation documents should be clear about the consultation process, what is
being proposed, the scope to influence and the expected costs and benefits of
the proposals.

Criterion 4 — Accessibility of consultation exercises
Consultation exercises should be designed to be accessible to, and clearly targeted
at, those people the exercise is intended to reach.

Criterion 5 — The burden of consultation
Keeping the burden of consultation to a minimum is essential if consultations are
to be effective and if consultees’ buy-in to the process is to be obtained.

Criterion 6 Responsiveness of consultation exercises
Consultation responses should be analysed carefully and clear feedback should
be provided to participants following the consultation.

Criterion 7 Capacity to consult
Officials running consultations should seek guidance in how to run an effective
consultation exercise and share what they have learned from the experience.

8. The Code of Practice states that an Impact Assessment should normally be
published alongside a formal consultation. This consultation is not accompanied by
an impact assessment because ACMSF has no regulatory status. The finalised
report will be submitted by ACMSF to the FSA and it is for the FSA to decide whether
to accept the recommendations outlined in the report and whether to produce an
impact assessment should the recommendations be accepted.

9. For details about the consultation process (not about the content of this consultation)
please contact: Food Standards Agency Consultation Co-ordinator, Room 2B,
Aviation House, 125 Kingsway, London, WC2B 6NH. Tel: 020 7276 8140.

Comments on the consultation process itself

10.We are interested in what you thought of this consultation and would therefore
welcome your general feedback on both the consultation package and overall
consultation process. If you would like to help us improve the quality of future
consultations, please feel free to share your thoughts with us by using the
Consultation Feedback Questionnaire at
http://www.food.gov.uk/multimedia/worddocs/consultfeedback.doc

11.1f you would like to be included on future Food Standards Agency consultations on
other topics, please advise us of those subject areas that you might be specifically
interested in by using the Consultation Feedback Questionnaire at
http://www.food.gov.uk/multimedia/worddocs/consultfeedback.doc The
guestionnaire can also be used to update us about your existing contact details.
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Summary

1. In this report the Ad Hoc Group has reviewed the evidence on
toxoplasmosis in humans and animals in the UK to produce a risk profile for
toxoplasma in the food chain. This follows a request from the FSA to consider
whether current evidence indicates a food safety issue that needs to be
addressed, which food sources are most likely to present a significant risk and
what further investigations may be necessary to obtain robust data on UK
prevalence and foodborne sources of toxoplasmosis.

2. In December 2006 and March 2007 the FSA sought the views of the
ACMSF on the significance of toxoplasmosis in the UK. The issue was
referred to the Ad Hoc Group on Vulnerable Groups who met in December
2008 to begin their considerations on toxoplasma in the food chain. The
Group met seven times over a period of 28 months.

3. The Group used as a starting point for their report a review of the current
situation on toxoplasmosis in the UK completed for the FSA by Dr Judith
Hilton. The Group also considered information on the prevalence of
toxoplasmosis in humans, estimates of the burden of disease in the UK and
other countries, seroprevalence data in farmed and non-farmed animals and
studies on the presence and survival of toxoplasma in foods. In order to
review the relative importance of different sources they considered published
information from outbreak reports and case control studies and the group also
reviewed the consumer advice given by different countries in relation to
reducing the risk of becoming infected with toxoplasma.

4. Key conclusions and recommendation arising from the work of the group
were:

e Although the majority of cases of toxoplasmosis will occur in the
immunocompetent, the largest burden of disease is likely to be
associated with infection of immunocompromised individuals among
whom symptoms are more severe and potentially life-threatening.
Accurate figures are not available but it is estimated that 350,000
people become infected with toxoplasma each year in the UK, of which
10-20% are symptomatic. Whilst the lack of accurate data for overall
incidence and severity of symptoms is a barrier to achieving accurate
estimates of the burden of disease and economic impact in the UK, it
seems reasonable to proceed on the assumption that it will not be
significantly different from the assessments made in the USA and
Netherlands that the costs of the relatively small proportion of cases
with severe disease make toxoplasmosis one of the most costly of
gastro-intestinal infections. This would justify further work to assess the
importance of the foodborne route of infection, to identify the most
important risks and appropriate risk management measures, and to
refine the burden of disease assessment. It is recommended that risk
management strategies could be focused on relevant sub-populations.



e Susceptibility of intermediate hosts to toxoplasma infection varies
according to species with seroprevalence data indicating that infection
is most common in sheep, pigs and wild game. Cattle appear to be
relatively resistant to infection. There is a very small amount of data on
meat contamination in the UK but (other than a recent serological
survey in sheep) virtually none on the presence of the parasite in farm
animals reared in the UK. Further data on seroprevalence in farm
animals would be useful in monitoring the effectiveness of control
measures in animal husbandry and testing of a larger range of meat
samples would be useful in identifying the main sources of risk. Further
studies are therefore recommended to establish seroprevalence in UK
livestock species

e Toxoplasma has been found in a wide variety of meats. However
based on the available, limited evidence, beef and housed chicken
appear less commonly infected, than other meat. Tachyzoites and
bradyzoites are relatively fragile whereas oocysts and tissues cysts are
relatively resistant to food preparation and processing. Washing of
salads and vegetables may remove some surface contamination of
oocysts, whereas inactivation of the more resistant tissue cyst requires
adequate cooking. Curing of meats may inactivate tissue cysts,
depending on the process used. It would significantly assist risk
assessment if further studies were undertaken to determine the
prevalence and concentration of toxoplasma contamination in foods in
the UK and to assess the effect of a number of microbiological
reduction/destruction processes e.g. salad washing, milk fermentation
and various meat curing methods on toxoplasma. It is also
recommended that methods are developed to assess the number of
viable tissue cysts in edible tissue.

e Oocyst contamination of the environment is an important risk factor in
infection and consumption of undercooked meat is also likely to be an
important risk factor for pregnant women and immune-compromised
groups. However the relative contribution of food associated
toxoplasma infection is not well-defined and not known in the UK. None
of the case control studies has involved cases in the UK. Given the
variability in seroprevalence across Europe, differences in food
handling and consumption, and in climate, a case control study in the
UK should be considered.

e There is variation in the consumer advice given by different countries in
relation to toxoplasmosis. The current UK advice to pregnant women
should be reviewed in the light of current knowledge, and the advice
given by other countries. The need for similar advice for other immune-
compromised groups should also be considered.

5. The assessments made and conclusions reached by the Group reflect
evidence oral and written drawn from the scientific community, government
departments and Agencies, EFSA and the scientific literature. The Group’s full
conclusions, identified data gaps and recommendations are brought together



at the end of this report. The ACMSF accepts full responsibility for the final
content of the report.



1. Background

1.1 Information on the incidence of toxoplasmosis in the UK population and
the risk of infection associated with food sources is limited. Evidence
suggests that infection of food producing animals (animals reared for meat)
with the parasite Toxoplasma gondii may be common. Recent research, in
the Netherlands® and the US?, has estimated that the disease burden due to
toxoplasmosis may be more significant than previously thought and may be
greater than several other foodborne pathogens due to the severity of the
disease.

1.2  The FSA therefore sought the view of the ACMSF, in December 2006,
on the significance of toxoplasmosis disease in the UK, the foodborne risks
and whether there was a need for further investigation. After an initial
discussion and a subsequent presentation in March 2007 by Public Health
Wales/HPA giving an overview of human toxoplasmosis in UK, US and the
Netherlands, the subject was referred to the Ad Hoc Group on Vulnerable
Groups.

1.3 The ACMSF asked the Ad Hoc Group to:

e Review the current evidence on toxoplasmosis in humans and animals in
the UK;

e Consider whether the evidence indicates a food safety issue that needs to
be addressed and which food sources are likely to present a significant
risk;

e Discuss what further investigations/surveillance may be necessary to
obtain robust data on UK prevalence and foodborne sources of
toxoplasmosis;

e Consider whether there is a need to revise current food safety advice;

e Suggest any other aspects that require consideration.

The ACMSF'’s approach to its work

1.4 The Ad Hoc Group met seven times from December 2008 to April 2011
to consider evidence relating to toxoplasma in the UK. The Group used as its
starting point a review undertaken for the FSA by Dr Judith Hilton of the
current situation on toxoplasmosis and recent research.

1.5 Membership of the Group is shown in Annex I.

! Kemmeren JM, Mangen MJ-J, van Duynhoven YTHP, Havelaar AH. Priority setting of food
borne pathogens. RIVM report 330080001/2006. Available from
http://www.rivm.nl/bibliotheek/rapporten/330080001.html

> Mead PS, Slutsker L, Dietz V, McCaig LF, Bresee JS, Shapiro C, Griffin PM, Tauxe RV.
Food-related illness and death in the United States. Emerging Infectious Diseases 1999; 5(5):
607-625.



2. Introduction

2.1 The causative agent of toxoplasmosis is an intra-cellular protozoan,
Toxoplasma gondii (hereafter referred to as toxoplasma), which is widely
prevalent in humans, warm-blooded animals and birds throughout the world.

2.2 The cat is the only definitive host in which sexual reproduction of the
parasite occurs in the intestine, resulting in the shedding of oocysts into the
environment. Following sporulation of the oocysts, ingestion by humans and
other animals results in release of sporozoites in the intestine. These
penetrate the intestinal wall and migrate throughout the body, where they may
invade a variety of tissues and cells, including muscle, hepatocytes, cells of
the heart and central nervous system. Following multiplication in the cells, the
parasite forms tissue cysts. These contain bradyzoites within a cyst wall
which is partly of host and partly of parasitic origin. The bradyzoites have a
low metabolic activity but tissue cysts break down periodically to release
bradyzoites, which induce further cyst formation. Consequently, the tissue
cyst burden constantly evolves over the lifetime of the host.

2.3 Tissue cysts are highly infectious for humans and other animals, who may
thus acquire infection by consuming meat and offal. Humans may also
acquire infection by transmission from a pregnant woman to her unborn baby.
This occurs when a pregnant woman acquires primary infection. Infection of
the foetus is due to tachyzoites in the maternal circulation which may cross
the placenta to the foetus for a period of several weeks, during the acute
phase of her iliness. The lifecycle of toxoplasma is shown in figure 1.

2.4 The relative importance of ingestion of oocysts from contaminated
environments versus tissue cysts from the consumption of meat and offal is
unclear. This report will consider information on the epidemiology of this
pathogen, including data on sources of infection and routes of transmission,
together with the available information on disease burden, which is needed to
assess the priority that should be given to reducing foodborne toxoplasmosis
in the UK.



Environment
Wild fauna Soil and water Food animals

Raw/under-
cooked meat

Faecal oocysts Sporulated oocyst , Tissue cyst

Human
population

Plants
vegetables

Figure 1: Life cycle and transmission of Toxoplasma gondii




3. The organism

3.1 Toxoplasma gondii has three infectious stages: (1) tachyzoites, (2)
bradyzoites in tissue cysts, and (3) sporozoites contained in oocysts.

3.2 Tachyzoites are the rapidly multiplying stage of the parasite found in
intermediate hosts, such as humans, after primary infection (figure 2). They
are responsible for congenital infection and may also be involved in infections
acquired from transplants, blood products that are high in white cell fractions,
or in laboratory accidents.

3.3 Parasitaemia is short-lived after primary infection and these sources are
infrequently involved in horizontal transmission of infection. Hence, whilst the
presence of tachyzoites in donor tissue is the usual source of infection in bone
marrow transplant recipients, this is a rare event which only occurs when the
donor has asymptomatic parasitaemia at the time of harvest. In recipients of
solid organ grafts, life-threatening toxoplasmosis is most often acquired
through the reactivation of viable tissue cysts from the donor organ in a
recipient with no prior infection with the parasite. Tachyzoites are rarely the
source of infection in this patient group.

Figure 2: Tachyzoites

3.4 Tachyzoites can also be found in milk from intermediate hosts, including
sheep, cattle,® and goats.* Human cases have only been linked directly to
consumption of goat’s milk, although risk factor studies have suggested an
association with drinking milk in Poland® and with camel milk in the Sudan.®

% Esteban-Redondo I, Innes EA. Toxoplasma gondii infection in sheep and cattle. Comp.
Immun. Microbiol. Infect. Dis 1997; 20(2):191-196.

* Elsheikha HM. Congenital toxoplasmosis: Priorities for further health promotion action.
Public Health. 2008;122: 335-353

® Paul M. Potential risk factors for Toxoplasma gondii infection in cases with recently acquired
toxoplasmosis. Przegl Epidemiol; 1998; 52:447-54

® Elamin EA et al. Prevalence of Toxoplasma gondii antibodies in pastoral camels (Camelus
dromedarius) in the Butana plains, mid-Eastern Sudan. Vet Parsitol 1992; 43: 171-5
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Tachyzoites are sensitive to proteolytic enzymes and are usually destroyed by
gastric digestion. However, they have been shown to survive for up to 2
hours in acid pepsin solutions and oral application of high doses of
tachyzoites has been shown to produce infection in mice and cats. It has also
been suggested that tachyzoites may enter the host by penetration of the
mucosal tissue thus bypassing the stomach, and this route of transmission
has been suggested for a case of acquisition by a breast-fed infant.

3.5 Tachyzoites have been found in saliva, sputum, urine, tears and semen,
as well as in raw eggs from experimentally but not naturally infected hens’,
and there is no evidence of these being associated with horizontal
transmission of infection.

3.6 Most horizontal transmission is thus thought to be acquired by
consumption of tissue cysts in meat and offal, or of oocysts shed by cats into
soil or water courses.

3.7 As immunity develops after primary infection, tissue cysts are formed
(figure 3). Whilst these do produce a host reaction, as evidenced by the long-
term persistence of toxoplasma-specific IgG, this immune reaction does not
lead to the elimination of the organism from the host. Tissue cysts can be
found in brain, muscles, heart and viscera. They contain bradyzoites which
are released after consumption of tissue cysts in meat from infected animals.
Bradyzoites are more resistant to digestive enzymes than tachyzoites but less
resistant to environmental conditions than oocysts, remaining infectious for up
to three weeks at 1-4°C, whereas tissue cysts are normally killed by freezing
at minus 12°C. Similarly, they may survive curing, depending on the
conditions used. They are killed by temperatures 267°C and by gamma
irradiation.

Figure 3: Tissue cyst

" Jacobs L, Melton ML. Toxoplasmosis in chickens. J. Parasitol 1966; 52: 1158-1162
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Figure 4: Oocyst

3.8 Oocysts are shed during primary infection in cats (figure 4). Male and
female gametes are produced in the epithelial cells of the small intestine and,
after fertilisation of the female gamete by the male gamete, a protective wall is
formed producing the oocyst. At the time of shedding, oocysts are non-
infective, but they sporulate within 1-5 days on exposure to air. Sporulation is
inhibited by anaerobic conditions, by heat at approximately 50°C (see Table
4) and by temperatures of 4°C or lower. Sporulated oocysts are very resistant
to environmental conditions, particularly in moist soil or sand, where they
retain infectivity for up to 18 months. They can remain viable in surface water
for prolonged periods. They lose infectivity during drying, remaining infective
for at least 30 days at 100% relative humidity but for less than 3 days at O-
37% relative humidity. They are relatively resistant to freezing although some
killing is observed at minus 21°C. They are killed within 1-2 minutes by
heating to 55-60°C. They are highly impermeable and therefore very resistant
to disinfectants.

3.9 Oocysts in the environment may cause direct infection in humans through
ingestion of soil or contaminated raw fruit and vegetables. They also give rise
to infection in herbivores and hence may lead to formation of tissue cysts in
farm animals. Flies and other insects have also been shown to transmit
oocysts to food.
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4. Human toxoplasmosis: clinical disease

4.1 Most human infections in those with no immune suppression are
asymptomatic. Most sources state that only 10-20% are symptomatic,
although a review of outbreaks of toxoplasmosis® has suggested that up to a
further 50% may experience mild symptoms. In those with symptoms, the
disease most commonly presents in immunocompetent patients with a
glandular fever or flu-like illness and may involve lymphadenopathy, low grade
fever, generalised malaise, mild to extreme tiredness and muscle pain. Links
between toxoplasmosis infection and behavioural changes in mammalian
hosts, including humans, have been proposed. However, there is insufficient
evidence to draw any firm conclusions at this time.® Toxoplasma infections
have been estimated to cause 3 to 7% of clinically significant cases of
lymphadenopathy. However, severe disease may arise as a result of
congenital infection, and of infection or reactivation in people who are
immunocompromised.

4.2 Congenital infection may result in intrauterine death or in chorioretinitis,
hydrocephalus, convulsions and intracerebral calcification. Whilst affected
infants may be born without symptoms, a significant proportion will later
develop ocular disease.

4.3 More severe primary infection or reactivation is associated with conditions
resulting in compromised immunity, such as AIDS and Hodgkin’s disease®, in
patients on immunosuppressive therapy and in recipients of organ or bone
marrow transplants. In these groups infection may result in chorioretinitis or
toxoplasma encephalitis. Toxoplasma encephalitis, with or without CNS
lesions, is the most common manifestation of toxoplasmosis in individuals with
AIDS and may occur in up to 50% of those with other forms of
immunodeficiency™!. Pulmonary toxoplasmosis (pneumonitis) may also occur
in patients with AIDS who are not receiving appropriate anti-HIV drugs or
primary prophylaxis for toxoplasmosis.

4.4 There is no effective human vaccine to protect against toxoplasma
infection nor is there likely to be one in the near future.

® Ho-Yen DO. Clinical Features. In: Ho-Yen D.O. and Joss, AW.L. (eds) Human
Toxoplasmosis, Oxford University Press, Oxford, 1992. pp 56-78

° Flegr J, Hrdy I. Influence of chronic toxoplasmosis on some human personality factors.

Folia Parasitol (Praha). 1994; 41(2):122-6.

1% Girdwood, RWA. “Protozoan” infections in the immunocompromised patient — the parasites
and their diagnosis. J. Med. Microbiol. 1989; 30: 3-16 provides longer list of
immunocompromising states: pregnancy, age, congenital immunological defects, chronic
infections (including HIV), malnutrition, neoplasia, therapeutic suppression, collagen-vascular
diseases, surgery (e.g. splenectomy)

" This is an unreferenced statement from the emedicine article on toxoplasmosis, the author
of which is Murat Hokelek, MD, PhD, Technical Consultant of Parasitology Laboratory,
Associate Professor, Department of Clinical Microbiology, Ondokuz Mayis University Medical
School, Turkey
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S. Human cases: prevalence

5.1 80-90% of cases of toxoplasma infection are asymptomatic and the
majority of the remainder have only mild, self-limiting symptoms. Thus,
reports of acute symptomatic toxoplasma infection (toxoplasmosis) do not
provide a reliable basis for assessing overall disease incidence. However,
determining the prevalence of antibodies to toxoplasma in the normal
population provides an alternative for estimating the number of cases and
disease burden.

5.2 In the UK, surveillance of toxoplasmosis-related human disease is mainly
derived from specimens referred to reference laboratories for investigation.

5.3 Surveillance based upon referrals to the reference laboratory are likely to
represent an underestimate of the true incidence of disease. In the
immunocompetent, in particular, where laboratory diagnosis is based on
routine serological tests, samples are referred only where primary testing is
equivocal or where confirmation will help exclude other diagnoses that might
require significant clinical intervention, eg lymphoma.

5.4 In clinically vulnerable groups referral of patients is typically more
common. Therefore, underestimates are likely to be less since specialist
testing offered by reference units can support diagnosis and significantly
inform clinical management. In suspected CNS toxoplasmosis in HIV/AIDS,
for example, treatment for toxoplasmosis may be initiated on the basis of
diagnostic imaging, but further specialist laboratory testing for confirmatory
purposes and to exclude differential diagnoses, is often undertaken.

5.5 Nevertheless, since most toxoplasma infections of the immunocompetent
population are asymptomatic or associated with mild to moderate, non-
specific signs and symptoms, even primary laboratory investigation may not
be undertaken. Further, routine pre- or post-natal screening for toxoplasmosis
is not undertaken in the UK and, as the great majority of maternal and
congenital infections are asymptomatic, most of these cases will also not be
identified.

5.6 Toxoplasma seroprevalence is known to vary geographically and with
age. Whilst antibodies are found in 20-40% of adults in the UK and USA,
seroprevalence is higher in Central Europe, South and Central America, and
in West Africa (50-80%) and similar or lower in South East Asia, China and
Korea (4-39%) and Scandinavia (11-28%). In the early 1990s,
seroprevalence in Europe varied from 8.1% in the UK to 77.4% in the former
Yugoslavia. Climate, and consumption of raw meat, meat from animals
farmed outdoors or frozen meat may be factors that contribute to these
variations. Seropositivity also varies within countries. For example, in studies
of military recruits in the USA, seropositivity ranged from 3% to 13%, being
highest in those from rural or small town backgrounds and lowest in those
from urban or suburban areas. In the UK, it is reported to be highest in
Northern Ireland and lowest in England and Scotland (Figure 5). UK
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seroprevalence is generally higher in the west and lower in the east of the
country.

5.7 Data showing the variation in seropositivity with age are available from a
number of countries. For example, in the Netherlands, it was found to range
from 20% at 25 years of age to 60% at 50 years. In a country with a lower
overall prevalence, Japan, seropositivity in the 20-29 year old age group was
3%, increasing to 40% in those over 70 years of age. Data from three studies
carried out around 1989-1992 in Sheffield"?, the East of England'® and Wales
provide some limited data on seroprevalence in women of child-bearing age
ranging from 8-10% in England to 22% in Wales, whereas a prevalence of
50% has been found in the over 50s.**

5.8 These apparent variations in seroprevalence within England and Wales
have been confirmed in a systematic study of blood donor sera collected from
throughout the British Isles during 1990-1991 (Figure 5).

5.9 In order to investigate the relationship between age and seroprevalence
of a wider age-range, these data were combined with those from individuals of
known age less than 20 and older than 60 yrs collected for routine
investigation of diseases of non-infectious aetiology by hospital chemical
pathology departments located within the same regions as the blood donors
(Figure 6).

5.10 The data from the blood donor seroprevalence study confirm:

¢ Mean levels of infection among blood donors were found to range from 11-
40% among the UK population with a slightly higher level of infection in
males (23.0%) than females (20.7%).

¢ Significant geographical variation in levels of infection was identified with
higher seroprevalence in the Western British Isles than in the East. There
also appears to be a marked correlation between urbanisation and
seroprevalence, with larger population centres tending to have lower levels
of infection.

e A clear positive relationship between age and seroprevalence was
confirmed in all centres but we also find this relationship may not be strictly
linear. These data cannot discriminate between the two contrasting
interpretations; that toxoplasmosis incidence is falling over time, or that
incidence increases with age. An additional study collecting comparable
data but carried out one or more decades later would be required to
investigate this further.

12 Zadik PM et al. Low incidence of primary infection with toxoplasma in pregnant women in
Sheffield: a seroconversion study. Br J Obstet Gynaecol 1995; 102: 608-10

'3 Allain JP et al. Epidemiological study of latent and recent infection by Toxoplasma gondii in
pregnant women from a regional population in the UK. J Infect 1998; 36: 189-196

! Toxoplasma Reference Unit, Public Health Wales, Edward Guy, personal communication
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Figure 5: Seroprevalence among Blood Donors™*

Approximately 400 sera from each centre (50 male & 50 female from each of the 4
decades 20-29 yrs to 50-59 yrs) were tested using the Dye test. The area of the red

circles is proportional to seroprevalence at each blood donor centre.

5.11 Where data are available, there is evidence of a sharp decrease in
seroprevalence over the last 40 years in many populations. For example, in
1960 there was a seroprevalence of 82% in France, falling to 44% in 2003.%
This decrease is in part attributable to a decrease in infection in childhood,
probably associated with increased standards of living, and has also been

15 AFssA (Agence Frangaise de Sécurité Sanitaire des Aliments) Report (2005).
Toxoplasmose: état des connaissances et évaluation du risque lié¢ a I'alimentation
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linked to changes in meat husbandry and consumption. As discussed above,
no information is currently available to determine whether, and to what extent,
seroprevalence may have changed in the UK over recent years.

5.12 Changes in seroprevalence with age provide a basis for estimating
seroconversion rates and hence the incidence of infection. A systematic
review of 15 studies in 1996 found annual seroconversion rates of 0.24 —

1.6% in Europe and 0.2 — 0.6% in the US™®.
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Figure 6: Seroprevalence in the UK and Age*
The data from the blood donors shown in Figure 5 were combined with data from
individuals of known age less than 20 and older than 60 yrs collected for routine

investigation of diseases of non-infectious aetiology by hospital chemical pathology
departments located within the same regions as the blood donors.

5.13 The limited studies of seroconversion during pregnancy in the UK have
shown lower rates even than those reported from Scandinavia, with rates
below 0.1%. The data presented in Figure 6 gives an estimated
seroconversion rate of 0.2% in those aged 20 and 0.8% in those aged 70 and
are comparable with those reported in the USA, of up to 0.6%. As stated in
paragraph 5.10, the significance of these findings requires repeated
surveillance to clarify. On this basis, a total number of 350,000 cases would
be estimated to occur each year, of which 35,000-70,000 would be

'° Eskild A, Oxman A, Magnus P, Bjgrndal A, Bakketeig LS. (1996). Screening for

toxoplasmosis in pregnancy: what is the evidence of reducing a health problem? J Med
Screen 1996; 3: 188-194.

17


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bj%C3%B8rndal%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bakketeig%20LS%22%5BAuthor%5D

symptomatic. Reference laboratory data in the UK reported 356 cases of
acute toxoplasmosis. This represents approximately 0.5-1% of the number of
symptomatic infections estimated from apparent seroconversion data. This is
a lower proportion of infections than that captured by passive surveillance in
the USA where around 6% of the estimated 225,000 symptomatic cases are
reported. This finding is expected since referral of suspected acute
toxoplasmosis is not routine. Referral of samples is more frequent, however,
from vulnerable groups where specialist testing is required to achieve a
definitive diagnosis and support clinical management. These will include the
immunosuppressed and immunodeficient, pregnant women and the unborn
child/infant.

Table 1. Annual incidence of toxoplasma cases identified by the Toxoplasma
Reference Unit (TRU) during the period January-December 2009"'

Clinical Scenario Symptoms/Status No. Cases
Immunocompetent Acute systemic 202
(lymphadenopathy, flu’)
Pregnant women 38
Ocular disease 55
Other 61
HIV 98
Organ transplant Donor/ Recipient 15
Congenital toxoplasmaosis 8
Total 477

7 Health Protection Agency. Toxoplasma gondii infections diagnosed by the Toxoplasma
Reference Unit, England and Wales: weeks 1-52/2009. Health Protection Report 4(6) 12
February 2010. Available at: http://www.hpa.org.uk/hpr/archives/2010/hpr0610.pdf and Dr D
Ho-Yen, Scottish Toxoplasma Reference Laboratory, personal communication.
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6. Burden of disease

6.1 In order to establish the priority for further work to establish the role of
foodborne transmission of toxoplasma, evidence on the burden of disease
needs to be considered and, where necessary, further data may be needed to
complete the picture and assess trends. The burden of disease is a reflection
of both the numbers of infected individuals and the severity of the infection.

6.2 In assessing the disease burden, it is clear that there is such a great
difference between expected and reported cases of acute toxoplasmosis in
the immunocompetent, that this will have to be based on estimates of disease
incidence rather than disease reports. In immunocompetent people the
majority of cases are asymptomatic. Of the rest, the majority experience a
glandular fever-like illness. Whilst these make up the majority of cases of
what appears to be a common infection possibly affecting 0.6% of the UK
population each year and with half the population showing signs of past
infection by the age of 50, disease severity is low and, since the infection is
also self-limiting, the burden of disease per case will be relatively low.
However, in key vulnerable groups such as the immunosuppressed,
immunodeficient, and infection acquired in pregnancy resulting in congenital
infection, severe or life-threatening disease can result and so the burden of
disease per case will be significantly higher.

6.3 Both the overall burden of disease to the UK population and the
contribution from each of the clinical groups affected will depend upon a
combination of disease severity, duration, and the number of cases that occur.
Thus, a precise measure will require the application of quantitative analytical
methods of the kind undertaken elsewhere!. No such study has been carried
out in the UK but studies of disease burden elsewhere have concluded that
the relatively small proportion of cases with congenital toxoplasmosis,
encephalitis and chorioretinitis account for most of the disease burden due
both to the more severe immediate symptoms and the risk of longer term, and
potentially life-long, sequelae.

Congenital toxoplasmosis

6.4 Since congenital toxoplasmosis is a consequence of primary maternal
infection, incidence will depend directly upon both seroprevalence in women
of childbearing potential and the seroconversion rate ie the lower the
seroprevalence in this group, the higher will be the proportion of cases
susceptible to primary infection. Where maternal infection is acquired during
pregnancy, the risk of transmission is greatest in late pregnancy. For
example, a study in the Netherlands*® showed 9% transmission from mother
to child in the first trimester, increasing to 59% in the third trimester. Similar
transmission rates have been recorded in the USA, whilst in France
transmission rates as high as 80% have been found at the end of the third
trimester. In contrast, the severity of disease is greatest where the infection is
transmitted to the unborn child in early pregnancy.

'® Montoya JG and Liesenfeld O (2004) Toxoplasmosis. Lancet 2004 ;363 (9425) :1965-76
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6.5 Worldwide, it is estimated that primary maternal infection occurs in 0.1 —
0.8% of pregnancies, resulting in 1-120 cases of congenital toxoplasmosis per
10,000 births. Although a high proportion of pregnant women in the UK are
seronegative (90%), a 1995 study in England yielded a low rate of 0.023%

seroconversion during pregnancy.12 Based on data from other countries
suggesting that transmission occurs in 30-40% of cases, this would suggest
that there are around 40-60 cases of congenital toxoplasmosis per year.
However, in a 1994 paper™®, the number of cases of congenital toxoplasmosis
in the UK was estimated as being 243-2428. This was based on data
showing that congenital toxoplasmosis occurs in 0.03-0.3% of live births. The
1995 study in England reported above was, however, carried out in only a
single region. Based upon the data presented earlier confirming that regional
variations exist in levels of infection across the UK, extrapolation of these data
to the national level is difficult. However, in a subsequent national study
carried out between 2002 and 2004%°, 22 cases of congenital toxoplasmosis
were identified (mean incidence 11 cases per annum). This is equivalent to a
cumulative incidence for England and Wales of 3.4/100 000 live births (95%
Cl 2.4 to 4.8), of whom 2 (9%) were stillborn, 7 (32%) live births had
intracranial abnormalities and/or developmental delay (5 of whom had
retinochoroiditis), and 10 (45%) had retinochoroiditis with no other
abnormalities reported.

6.6 Of pregnancies in which transmission of toxoplasma occurs, around 4 -
10% result in abortion, stillbirth or neonatal death whilst 65-85% of babies are
asymptomatic at birth. The proportion of cases with symptoms at birth varies
from study to study and results are expressed in different terms so that
comparison between studies is difficult (Table 2). The most common effects
are CNS abnormalities (3-20%), chorioretinitis (4-15%), intracranial
calcifications (10-12%) and hydrocephalus (2%). Figures from Europe show
that, in the longer term, 1-2% suffer from learning difficulties and 4-27% from
retinochoroidal lesions, whilst studies in the USA%! suggest that, by 20 years
of age, 53% suffer from visual impairment and 73% from mild to severe
learning difficulties.

Table 2. Outcomes of congenital toxoplasma and proportion of associated
cases (data taken from several different studies).

CNS abnormalities 3-20%
Sequelae at birth | Chorioretinitis 4-15%
Intracranial calcifications 10-12%
Hydrocephalus 2%
“Longer-term” Learning difficulties 1-2%
complications Retinochoroidal lesions 4-27%
Complications at | Visual impairment 53%
age 20 years Mild to severe learning difficulties 73%

% Roberts T, Murrell KD, Marks S. Economic losses caused by foodborne parasitic disease.
Parasitology Today 1994; 10: 419-423

0 Gilbert et al, Arch Dis Child 2006;91:495-498

?! Roberts T. and Frenkel JK. Estimating income losses and other preventable costs caused
by congenital toxoplasmaosis in people in the United States. JAVMA, 1990; 196: 249-256
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6.7 Data from the UK are limited. Over a 2 year period of enhanced
surveillance in 2002-04, 22 cases of congenital toxoplasmosis were reported
in England and Wales®™. If it is estimated that 15-35% of cases are
symptomatic at birth, this would equate to a maximum of 30-75 cases of
congenital toxoplasmosis a year in total. However, this figure may be an over-
estimate because some of the 22 cases reported in the study only became
apparent several years after birth.

Ocular toxoplasmosis

6.8 Based on data from Canada®?, the proportion of cases of toxoplasmosis
with chorioretinitis ranges from 0.3 — 0.7%. The majority of cases occur in 10
— 35 year olds and most references suggest that the majority of cases are due
to reactivation of subclinical congenital toxoplasmosis. However the incidence
of eye disease following acquired infection has been estimated to be as high
as 25% in certain regions of Brazil®> and a UK study has suggested that 50%
of cases follow congenital and 50% follow acquired infection.**

6.9 An incidence rate of 0.4 per 100,000 has been calculated for patients born
in Britain®, culminating in a life-time risk of 18 per 100,000. Most of these
cases were acquired, and comparison with the seroprevalence data from the
UK yields a risk of ocular toxoplasmosis following acquired toxoplasmosis that
is much lower than the estimated 0.3% from Canada. The incidence of ocular
toxoplasmosis in the UK also varies by racial origin. For example, it is higher
in those of West African origin than in Caucasians®.

6.10 It is not known if these differences reflect differences in genetic
susceptibility, parasite strain variation or exposure.

6.11 The US study mentioned above'® includes data related to the cost of eye
disease in congenital toxoplasmosis. However, it is not possible to use this
data as a basis for calculating the likely cost of chorioretinitis due to acquired
toxoplasmosis.

Toxoplasmosis in recipients of organ grafts

6.12 There is a relative paucity of information in this group although a review
of the available information found that encephalitis was the most common

2 Burnett AJ et al. Multiple cases of acquired toxoplasmosis retinitis presenting in an
outbreak. Ophthalmology, 1998; 105:1032-1037

%% Glasner PD. et al. An unusually high prevalence of ocular toxoplasmosis in Southern Brazil.
Am. J. Ophthalmol. 1992; 114: 133-144

? stanford MR, Tan HK, Gilbert RE. Toxoplasmic retinochoroiditis presenting in childhood:
clinical findings in a UK survey. Br J Ophthalmol. 2006 Dec; 90(12):1464-7.

*® Gilbert RE et al. Incidence of symptomatic toxoplasma eye disease: aetiology and public
health implications. Epidemiol. Infect.1999; 123: 283-289

%% Gilbert RE, Stanford MR, Jackson H, Holliman RE and Saunders MD. Incidence of acute
symptomatic toxoplasma retinochoroiditis in South London according to country of birth.
British Medical Journal 1995; 310: 1037-1040
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type of infection.?’ Infections associated with renal, liver and bone marrow
transplants are considered to be rare (0.44% mean for bone marrow
transplants). On the other hand, there is a significant incidence of infection for
seronegative heart transplantees receiving a graft from a seropositive donor
with around 60% showing evidence of infection in the absence of appropriate
prophylaxis. However, whilst seronegative recipients of heart transplants from
seropositive donors are at risk of acquiring life-threatening infection, such
symptomatic infections are rare as a result of prospective screening and the
selective use of anti-parasite prophylaxis.

6.13 No data on estimated costs of infection or UK-specific data have been
found.

AIDS related toxoplasmosis

6.14 In the US, toxoplasma encephalitis develops in up to 7% of AIDS
patients (n = 4000) annually?®, although the incidence declined from 1992 to
1997. In New Zealand it was estimated that 30% of seropositive patients with
AIDS developed toxoplasma encephalitis?®, although this figure has now been
significantly reduced by the widespread use of Highly Active Antiretroviral
Therapy (HAART). Toxoplasmosis in AIDS is rarely seen in patients with a
CD4 count >200 and is most common in those with a CD4 count <100,

6.15 Other forms of toxoplasmosis in patients with AIDS include ocular
disease, which has already been considered above, and pulmonary disease
for which no data have been found. The cost of toxoplasma encephalitis in
the USA has been estimated to be $23-106m."*
6.16 No UK-specific cost data have been found.

Total burden of disease

6.17 Toxoplasmosis has been assessed as causing the highest disease
burden of seven foodborne pathogens in the Netherlands, mainly due to
stillbirths and chorioretinitis in congenital toxoplasmosis and chorioretinitis in
acquired infection. In France, it was estimated to be the third most common
cause of death from foodborne iliness. In the USA, it has been estimated to
cause 0.9% of all cases of foodborne illness, 8.0% of hospitalisations (ranked
fourth) and 24% of deaths (ranked second), based on an estimate that 50% of

" Smith JL. Long-term consequences of foodborne toxoplasmosis: effects on the unborn, the
immunocompromised, the elderly, and the immunocompetent. Journal of Food Protection,
1997, 60: 1595-1611

*8 Schwartzman JD. Toxoplasmosis. Current Infectious Disease Reports 2001; 3: 85-89

? Lake R et al. Risk Profile: Toxoplasma gondii in red meat. Report to the New Zealand Food
Safety Authority FW0138, 2002.

%0 Montoya JG, Remington JS. Toxoplasmosis. In: Mandell GL, Bennett JE, Dolin R, editors.
Principles and Practice of Infectious Diseases, Philadelphia: Churchill Livingstone, 2000. pp
2858-88
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cases are foodborne (note that the rationale for choice of this figure is not
explained in the paper)*.

6.18 In the USA, the economic costs of congenital infection and infection in
AIDS patients has been estimated to be $0.4 — 8.8 billion.** Work on the total
costs of toxoplasmosis in the Netherlands is currently close to completion.®?

6.19 In the UK, based on seroprevalence data, it is estimated that there are a
total of around 350,000 cases a year, only 35,000 — 70,000 of which are
symptomatic.

6.20 In 1994, the number of cases of congenital toxoplasmosis in the UK was
estimated as being 243-2428, although other data suggest that the number of
cases could be an order of magnitude smaller. The cost was estimated to be
$1.2-12m.**

6.21 Based on data from Canada?, the incidence of ocular toxoplasmosis in
the UK could be 1050-2450 cases a year. However, given the data from the
UK study mentioned previously?®, this is likely to be an overestimate.

6.22 There are limited UK data on toxoplasmosis in AIDS patients and cases
in organ graft recipients. An estimate that toxoplasma encephalitis occurs in
7% of AIDS patients would translate into 35 cases in the UK (based on an
incidence of 500 new cases of AIDS per year). This does not include cases of
pulmonary disease. In 2009 the Health Protection Agency reported
toxoplasmosis in 81 HIV cases. Cases in organ graft recipients are likely to
be rare.

6.23 Putting these estimates for ocular toxoplasmosis and toxoplasma
encephalitis together with the estimated number of cases of congenital
toxoplasmosis, they could account for up to 5000 cases, (7-14% of
symptomatic cases).

6.24 The only data on costs in the UK are for congenital toxoplasmosis.
Whilst there are data from the USA on the estimated cost of toxoplasma
encephalitis in AIDS patients, this cannot be used to estimate UK costs, and
no data are available on other types of toxoplasmosis.

Gaps in current knowledge relevant to a UK risk assessment

6.25 The overall surveillance of cases of clinical toxoplasmosis in the UK is
sub-optimal such that any current risk assessment must be based largely on
estimates rather than reports of disease.

6.26 The accuracy of current reporting of incidence of congenital
toxoplasmosis is not confirmed. In particular, routine surveillance is based

% Scallen E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson M-A, Roy SL, Jones JL and
Griffin PM. Foodborne iliness acquired in the United States — Major Pathogens. Emerging
Infectious Diseases 2010; 17 (1): 7- 15.
%2 John Coia — personal communication
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primarily upon cases where either the pregnant mother or child is
symptomatic. Detection rates among the asymptomatic, which probably
account for the majority of congenital infections, are likely to be low.

6.27 Maternal infection rate, mother-to-foetus transmission rate and rate of
disease affection of neonates & infants in the UK have not been studied
systematically. Overall, the health costs of congenital toxoplasmosis have not
been accurately estimated.

6.28 The relative contribution of congenital and acquired toxoplasma infection
to the burden of ocular disease is uncertain. There is some evidence to
suggest racial differences in the prevalence of ocular toxoplasmosis but this
has not been adequately explored. In this context, it is not known if these
racial differences reflect genetic susceptibility to infection or variation in the
virulence of endemic strains of T. gondii. The health costs of ocular
toxoplasmosis in the UK have not been accurately defined.

6.29 The current incidence of organ-graft associated toxoplasmosis is likely to
be low and may be reducing but the actual numbers are not recorded.

6.30 The incidence of HIV associated toxoplasmosis may have fallen with the
introduction of HAART, anti-parasitic prophylaxis and maintenance therapy
after an acute disease episode but there has been no systematic national
study.

6.31 The relative importance of toxoplasmosis in terms of disease burden and
compared to other food-borne pathogens is not well established.

Summary and Conclusions to Sections 4-6

6.32 Other than pregnant women, most infections of the immune competent
are asymptomatic or associated with only a mild to moderate, self-limiting
illness.  However, severe disease can occur in immunocompromised
individuals such as the foetus, organ graft recipients and individuals with AIDS
or cancer.

6.33 Accurate figures are not available but it is estimated that 350,000 people
become infected with toxoplasma each year in the UK, of which 10-20% are
symptomatic.

6.34 Based on seroprevalence studies among UK blood donors, levels of
toxoplasma infection within the UK appear to fall within the range of those
reported elsewhere in Europe and North America.

6.35 It appears that geographical variation in levels of toxoplasma infection
may occur within the UK. This has implications for the comparison and
extrapolation of individual local studies.

6.36 Toxoplasmosis is not a reportable disease in the UK so that routine
surveillance data alone are unlikely to provide an accurate measure of overall
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incidence. This may be the case particularly in the immunocompetent since
the self-limiting and mild to moderate nature of the resulting illness in this
group may result in many infected individuals not being identified by the
healthcare system.

6.37 Toxoplasmosis in vulnerable clinical groups is, however, typically more
severe and often requires specialist investigation. Thus, while reporting of
such cases is still likely to result in an underestimate of incidence, such cases
are more likely to be reported.

6.38 Although the majority of cases of toxoplasmosis will occur in the
immunocompetent, the largest burden of disease is likely to be associated
with infection of immunocompromised individuals among whom symptoms are
more severe and potentially life-threatening.

6.39 The lack of accurate data for overall incidence and severity of symptoms
associated with toxoplasma infection is a barrier to achieving accurate
estimates of burden of disease and economic impact in the UK.

6.40 There are some data indicating a sharp decrease in the prevalence of
toxoplasma over the last 40 years in some countries but there are no accurate
trend data for the UK.

6.41 The relative contribution of the different foodborne routes is important
and is considered in Section 9.

Recommendations

6.42 A number of risk assessments or risk profiles have been produced but
all highlight a number of data gaps and the difficulty in filling them. There is,
however, general agreement that the costs of the relatively small proportion of
cases with severe disease make toxoplasmosis one of the most costly of
gastro-intestinal infections. Whilst there are not enough data to carry out a full
assessment of the burden of disease in the UK, it seems reasonable to
proceed on the assumption that it will not be significantly different from the
assessments made in the USA and Netherlands. This would justify further
work to assess the importance of the foodborne route, to identify the most
important risks and appropriate risk management measures, and to refine the
burden of disease assessment.

6.43 The disease burden associated with toxoplasmosis in the UK mainly
reflects infection of immune-compromised individuals including the unborn
child. Consequently, risk management strategies could be focused on
relevant sub-populations.
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7. Sources of infection

7.1 The main sources of infection are meat, other foods, water and the
environment. Before considering evidence regarding the relative importance
of these sources, information on carriage in farm animals, pets and wild
animals is considered.

7.2 While studies based upon seroprevalence and detection of toxoplasma in
food samples by nucleic acid testing (NAT) can be helpful in assessing
comparative risk both between species and groups of animals from different
locations or reared under different conditions, translation of such data into any
direct measures of risk is highly problematic. Both seroprevalence and non-
guantitative NAT provide no data either on the number of toxoplasma cells
present, or on any reduction in their viability following slaughter caused by
physical factors or manufacturing processes. This, together with insufficient
data on the inoculum size required to cause toxoplasmosis, significantly
complicates any direct measurement of risk that can be undertaken with these
data alone.

Farm animals

7.3 Most data on prevalence in animals are based on serological studies. In
response to natural infection, most seropositive farm animals have been
shown to harbour infectious parasites, with the exception of cattle.®

7.4 Comparison of serology results from different studies is difficult due to
variation in serological techniques and choice of threshold for positive cut-off.
Differences in farming and husbandry methods (both within and between
countries) and climatic conditions will also introduce biases into the results.
However, despite this, when a number of studies from various countries are
looked at, an overall pattern does begin to emerge, and median
seroprevalence based on review of the literature may give some indication as
to the relative importance of each species in human infections: 30% sheep,
24% pork, 13% cattle, and 7% equine.

7.5 These figures may reflect a variety of factors such as:

e Species susceptibility

e Likelihood of being extensively husbanded (in Europe, pigs and poultry
are more intensively farmed, which places barriers to infection from the
environment and cats). However, the growing tendency to less
intensive systems may impact on this.

7.6 Where data are available, cysts have been found in 25-80% of
seropositive animals, based on bioassays in cats or mice.

33 Kijlstra A, Jongert E. Toxoplasma-safe meat: close to reality? Trends in Parasitology. 2008;
25 (1): 18-22.
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Sheep

7.7 Toxoplasma is the second most commonly diagnosed cause of abortion
and is a significant cause of economic loss to the UK sheep industry. It has
been estimated that the loss of over 0.5 million lambs each year due to
toxoplasmosis costs the UK sheep industry £12-24 million.>* Data from the
Veterinary Laboratories Agency indicate that in England and Wales in 2009,
toxoplasmosis accounted for 204 (23%) of 904 ovine abortion cases where a
diagnosis was reached.

7.8 Licensed vaccines are available in the UK for the control of toxoplasma
abortion in sheep although it is not known precisely what percentage of the
national flock is vaccinated. However, in a recent survey of 3049 breeding
ewes in Great Britain, 6.2% of animals were reportedly vaccinated against
toxoplasma, 57.2% were unvaccinated and 36.5% were of unknown
vaccination status.*

7.9 Vaccination of female breeding sheep prior to mating is primarily intended
to protect against early embryonic death, abortion and neonatal mortality,
rather than to reduce thetissue cystload that may enter the food
chain. Although the effect of vaccination on tissue cyst formation is not known,
the development of a livestock vaccine with the potential to reduce tissue cyst
numbers is highly desirable.

7.10 Tissue cysts are most commonly found in brain and skeletal muscle of
infected sheep. Few studies have looked at prevalence of tissue cysts in
slaughtered sheep destined for human consumption.

7.11 Sheep acquire the infection through ingestion of oocysts on pasture or
concentrate feed that has been contaminated by cat faeces. The relative
proportions of concentrate feed and grass in the diet will vary according to
slaughter age. Lambs in the UK are generally slaughtered from 10 weeks of
age (Easter lamb) to 50 weeks (stores).

7.12 Vertical transmission from ewe to lamb may play a role in the
maintenance of toxoplasma in a flock.*® It has been estimated that fewer than
2% of sheep become congenitally infected.®’

7.13 Toxoplasmosis accounts for approximately 5-10% of abortions in goats
in France. Toxoplasma has been detected in milk of naturally infected dairy
goats. No data are available for goat meat.

% Defra. Summary profile for toxoplasmosis.
Available:http://www.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/profiles/docu
ments/sp-toxoplasmosis.pdf//. Last accessed 05/01/11

% paul Hutchinson, personal communication.

% Duncanson P, Terry RS, Smith JE, Hide G. High levels of congenital transmission of
Toxoplasma gondii in a commercial sheep flock. International Journal for Parasitology. 2001;
31: 1699-1703.

" Dubey JP. Toxoplasmosis in sheep — The last 20 years. Veterinary Parasitology. 2009;
Doi:10.1016/j.vetpar.2009.02.026
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7.14 Sheep and goats generally have the highest seroprevalence for
toxoplasmosis in most recent studies. Seroprevalences of up to 90% have
been found in sheep in some European countries and a recent large-scale
screening of sheep farms® has shown that 3.4% of sheep were shedding
toxoplasma in their milk.

7.15 In New Zealand in the 1980s, an incidence of toxoplasmosis in young
ewes was reported to be up to 30%, with up to 90% of ewes being
seropositive by 2 years of age. However, use of a vaccine has now reduced
this figure. Seroprevalence in goats can be as high as 77%. A UK study in
1990 showed a seroprevalence of 29% in farmed sheep® but no data have
been found for goats.

7.16 A serological survey of toxoplasmosis is currently being conducted on
3539 blood samples taken from breeding ewes throughout Great Britain as
part of a structured seroprevalence study of Brucella melitensis infection.
Initial results indicate an animal prevalence from natural infection of 68.6%
(Cl: 67.8-69.4%) and a between flock prevalence of 100% (Cl: 98.7-100%).%°

Pigs

7.17 Historically, pig meat was generally considered to be the highest risk
food for transmission of toxoplasmosis, with up to 90% seropositivity in
studies carried out in the 1960s. These results should be interpreted with
caution however, as earlier tests are likely to have had poor
sensitivity/specificity, and changes in husbandry mean they are not
necessarily applicable today.

7.18 The presence of cats, rodents and birds on pig farms and cannibalistic
behaviour in pigs are cited as risk factors for toxoplasma infection in pigs.*

7.19 Over subsequent decades, changes in husbandry, particularly intensive
farm management with indoor rearing of pigs, have reduced exposure of pigs
to 