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Abstract:

Parasitic foodborne infections of humans may involve both protozoan and helminth species of internal parasites. The route of
infection is normally consumption of the parasite’s natural hosts as a human food item. Taeniasis is a parasitic zoonotic
disease caused by the adult stage of large tapeworms that live in the intestines of human hosts. Bovine cysticercosis is a food
borne disease caused by Taenia saginata with humans as the final host and cattle as the intermediate host. Infection of human
by Taenia saginata occurs through ingestion of raw or undercooked meat containing Cysticercus Bovis while; infection of
cattle with Cysticercus Bovis occurs through ingestion of Taenia saginata eggs. The parasite population of these species
consists of three distinct sub populations: adult Tapeworms in the definitive host (man), larvae (Cysticercus or metacestodes)
in the intermediate host (pigs or cattle), and eggs in the environment. The most common causative agent in Ethiopia is the
beef tapeworm, Taenia saginata, which has the cow as its intermediate host. The other tapeworm that can cause taeniasis
(Taenia solium) has pigs as its intermediate host, but they are not so common in Ethiopia. Taeniasis due to beef tapeworm is
highly prevalent in Ethiopia due to the widespread habit of eating raw beef (kitfo in Amharic, Figure 38.5) and poor sanitary
conditions. Defaecation in open fields in grazing lands, disposal of raw human sewage in rivers and its use as a fertiliser,
facilitate the spread of taeniasis. The highest cases of taeniasis are found in the towns of Northern and Eastern Ethiopia.

Key words: new; prospective cotton varieties; soil and climatic conditions of the khorezm region; technological indicators
of fiber quality; micronaire, fiber homogeneity index; weight of 1000 seeds

Introduction

Humans suffer from several foodborne helminth zoonotic diseases, some
of which can be deadly (e.g. trichinellosis, cerebral cysticercosis) while
others are chronic and cause only mild illness (e.g. intestinal taeniosis).
The route of infection is normally consumption of the parasite’s natural
host as a human food item (e.g. meat). The risk for infection with these
parasites is highest wherever people have an inadequate knowledge of
infection and hygiene, poor animal husbandry practices, and unsafe
management and disposal of human and animal waste products. The
design of surveillance and control strategies for the various foodborne
parasite species, and the involvement of veterinary and public health
agencies, vary considerably because of the different life cycles of these
parasites, and epidemiological features (1, 6, 7).

Parasitic foodborne infections of humans may involve both protozoan and
helminth species of internal parasites. The route of infection is normally
consumption of the parasite’s natural hosts as a human food item (3).
Taeniasis, a disease in humans, is food-borne and caused by consuming
raw or uncooked meat containing viable cysticercus (4). In humans,
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cysticercus develops into a tapeworm and most of the time, patients are
asymptomatic. Nevertheless, symptoms can include nausea, abdominal
discomfort, flatulence, epigastric pain, diarrhea, vitamin deficiency,
excessive loss of appetite, weakness and loss of weight, digestive
disturbances, and intestinal blockage (3).

Some parasites, such as the protozoan parasites Toxoplasma,
Cryptosporidia and Cyclospora, and fish-borne parasites such as liver and
intestinal flukes, are generally not controlled, although, in the trade of
marine fish, inspection may be required and/ the fish may be subjected to
treatment to inactivate helminth parasites. In this paper a selection of
foodborne helminth species of nematode and cestode parasites are
discussed, chosen for their public health and economic importance and
the demands they place upon Veterinary Services. The examples
Trichinella spiralis (trichinellosis) and Taenia spp. (cysticercosis and
taeniosis) all share the common epidemiological feature of being meat-
borne and they illustrate well the challenges faced in implementing (3,
12).
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Trichinella spiralis, which causes most human trichinellosis, is acquired
from the consumption of pork, although increasingly cases occur from
eating wild game. For cysticercosis, however, the only sources for human
infection are pork (Taenia solium) or beef (T. saginata). The chief risk
factor for infection of humans with these parasites is the consumption of
meat that has been inadequately prepared. For the pig or cow, however,
the risk factors are quite different between Trichinella and Taenia. For T.
spiralis the major source of infection of pigs is exposure to infected animal
meat (which carries the infective larval stage), while for both Taenia
species it is human faecal material contaminated with parasite eggs shed
by the adult intestinal stage of the tapeworm. Consequently, the means for
preventing exposure of pigs and cattle to infective stages of T. spiralis, T.
solium, and T. saginata vary markedly, especially the requirements for
ensuring the biosecurity of these animals at the farm. The surveillance
strategies and methods required for these parasites in livestock are
discussed, including the required policy-level actions and the necessary
collaborations between the veterinary and medical sectors to achieve a
national reporting and control programme (2, 3).

The terms ‘cysticercosis’ and ‘taeniosis’ refer to foodborne zoonotic
infections with larval and adult tapeworms, respectively, of the genus
Taenia. The important feature of these tapeworms is that the larvae are
meat-borne (beef or pork) and the adult stage is an obligate parasite of the
human intestine (12). Taenia solium (pork tapeworm), T. saginata (beef
tapeworm), and T. asiatica (‘Taiwan Taenia’) are the most important
causes of taeniosis in humans (7). When humans ingest meat with a
cysticercus, the cyst evaginates in the gastrointestinal tract and grows a
large series of reproductive segments or proglottids, each of which
produces a large number of eggs that reach the environment in the faeces.
Cysticercosis is the term for the tissue infection in pigs and cattle. In the
case of T. solium, however, humans are unique in that they may also serve
as an intermediate host in which the larval or cysticercus stage can also
develop. When a pig or cow, or humans in the case of T. solium, ingests
an egg, an onchosphere is released which penetrates the intestinal tissue
and enters the bloodstream, where it circulates until filtering out into
striated and cardiac muscle; T. solium cysticerci may also invade the eye
or the central nervous system (CNS). When cysticerci invade the CNS,
neurocysticercosis may result; this zoonosis is now receiving greater
attention in sub-Saharan Africa because of the growing recognition of the
importance of neurocysticercosis as a cause of epilepsy (1, 15).

Taenia solium has a cosmopolitan distribution and is highly endemic in
Latin America, Africa and Asia, where poverty, poor sanitation, and close
contact between humans and livestock are commonplace. It has been
estimated that 2.5 million people worldwide are infected with adult T.
solium (carriers) and that 20 million are infected with cysticerci (12).
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Human carriers (egg shedders) are major targets of control efforts. The
rapid expansion of smallholder pig production in Africa and elsewhere
has led to a significant increase in cysticercosis in pigs and humans,
presenting governments with an important challenge as they seek to
increase livestock production and rural incomes (6). The other two
species, T. saginata and T. asiatica, cause only taeniosis (adult tapeworm
tage) in humans and the clinical problems are mainly minor. Human
carriers are also, however, responsible for infections in cattle (bovine
cysticercosis), which can have an economic impact because of meat
condemnations at slaughterhouse inspections (13).

In Ethiopia, the prevalence of cysticercosis was reported to be 7% at the
national level by meta-analysis of previous studies (15). Spatiotemporal
analysis based on previous studies conducted by (22) indicated that the
prevalence of C. bovis had high variability that ranged from 8 to 90%
geographically. Furthermore, a more recent systematic review (23) also
showed huge regional variation ranging from 2 to 25%. In some studies,
the average prevalence reaches upto 30% from different abattoirs in the
country (40) and 30.7% at Eastern Shoa of Oromia (41). Taenia saginata
taeniasis/cysticercosis has high economic and public health impacts; as a
result control and prevention of the disease has great importance. One of
the prerequisite for implementing control and prevention of taeniasis is
investigation of detail information on the prevalence and associated risk
factors in the country.

2. Etiology

Taeniasis in humans is a parasitic infection caused by the tapeworm
species Taenia saginata (beef tapeworm), Taenia solium (pork
tapeworm), and Taenia asiatica (Asian tapeworm). Humans can become
infected with these tapeworms by eating raw or undercooked beef (T.
saginata) or pork (T. solium and T. asiatica). People with taeniasis
typically have mild gastrointestinal symptoms or may be asymptomatic
(8,9).

Humans become infected by eating raw or undercooked infected beef or
pork. Once ingested, cysticerci attach to the small intestine and develop
into adult tapeworms over the course of 2 months. The adult tapeworms
produce proglottids that mature, detach, and migrate to the anus and are
then passed in the feces. T. saginata tapeworms are usually 4-12 m in
length, but can grow to be 25 m; the adult tapeworms produce 1,000 to
2,000 proglottids/ worm and may produce up to 100,000 eggs per worm.
T. solium (pork) tapeworms are smaller, 2-8 m in length, produce an
average of 1,000 proglottids/worm, and may produce 50,000 eggs per
worm. T. asiatica tapeworms range in size from 4-8 m, produce 700
proglottids/worm and may produce 80,000 eggs per proglottid (7, 11).
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3. Epidemiology

The tapeworms that cause taeniasis (Taenia saginata, T. solium, and T.
asiatica) are found worldwide. Eating raw or undercooked beef or pork is
the primary risk factor for acquiring taeniasis. Persons who don't eat raw
or undercooked beef or pork are not likely to get taeniasis.

Infections with T. saginata occur wherever contaminated raw beef is
eaten, particularly in Eastern Europe, Russia, eastern Africa and Latin
America. Taeniasis due to T. saginata is rare in the United States, except
in places where cattle and people are concentrated and sanitation is poor,
such as around feed lots when cattle can be exposed to human feces.
Tapeworm infections due to T. solium are more prevalent in under-
developed communities with poor sanitation and where people eat raw or
undercooked pork (12,13). Higher rates of illness have been seen in
people in Latin America, Eastern Europe, sub-Saharan Africa, India, and
Asia. Taenia solium taeniasis is seen in the United States, typically among
Latin American immigrants. Taenia asiatica is limited to Asia and is seen
mostly in the Republic of Korea, China, Taiwan, Indonesia, and Thailand
(6, 17,25).

A disease called cysticercosis can occur when T. solium tapeworm eggs
are ingested. For example, people with poor hygiene who have taeniasis
-- with or without symptoms -- will shed tapeworm eggs in their feces and
might accidentally contaminate their environment. This can lead to
transmission of cysticercosis to themselves or others (13, 27).

Taeniasis is an intestinal infection caused by 2 species of tapeworms. The
most important human Taenia tapeworm infections are caused by Taenia
solium (pork tapeworm) and T. saginata (beef tapeworm). Humans
become infected with T. saginata when they consume beef which has not
been adequately cooked. Taeniasis due to T. saginata has no major impact
on human health. Infection also occurs in humans when they eat raw or
undercooked pork (Taenia solium) (18).

Humans can also become infected with T. solium eggs by ingesting
contaminated food or water (human cysticercosis) or as a result of poor
hygiene. Tapeworm larvae (cysticerci) develop in the muscles, skin, eyes
and the central nervous system. When cysts develop in the brain,
neurocysticercosis may result. Symptoms include epilepsy, severe
headache and blindness, and be can be fatal. Neurocysticercosis is the
most frequent preventable cause of epilepsy worldwide.

Cysticercosis mainly affects the health and livelihoods of subsistence
farming communities in developing countries of Africa, Asia and Latin
America. It also reduces the market value of pigs and cattle, and makes
especially pork unsafe to eat. T. solium cysticercosis remains a neglected
disease, and was added by WHO to the list of major neglected tropical
diseases in 2010 (6, 33).

3.1. Mode of Transmission

Taeniasis is acquired by humans through the inadvertent ingestion of their
cysticerci in undercooked pork or beef. Once in the human body,
cysticerci develop into adult tapeworms that live in the intestine and
release egg-bearing gravid proglottids (segments) which are passed out
with faeces. Cysticercosis is acquired when proglottids or eggs are
ingested. It is a natural infection of pigs and cattle but, in the case of T.
solium, it can also affect humans, usually when they swallow T. solium
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egg-contaminated soil, water or food (mainly vegetables). Taeniasis and
cysticercosis are common in areas where animal husbandry practices are
such that pigs and cattle come into contact with human faeces. Taeniasis
and cysticercosis are common in areas where animal husbandry practices
do not prevent pigs and cattle from coming into contact with human
faeces.

Taeniasis is predominantly found in Asia, Africa, Latin America,
particularly on farms in which pigs are exposed to human excrement. It
occurs everywhere though where beef and pork are eaten, even in
countries such as the United States, with strict federal sanitation policies.
Taenia saginata is relatively common in Africa, some parts of Eastern
Europe, the Philippines, and Latin America.[26] It is most prevalent in
Sub-Saharan Africa and the Middle East.[27] Taenia asiatica is retricted
to East Asia, including Taiwan, Korea, Indonesia, Nepal, Thailand and
China.[28][29]

Classified biologically as protozoa and helminths (but better known as
tapeworms, flatworms and roundworms), it is difficult to know how
widespread parasites are globally because in many countries it is not
compulsory to notify public health authorities of their presence.

. In Europe, more than 2,500 people are affected by food borne
parasitic infections each year. In 2011 there were 268 cases of
trichinellosis and 781 cases of echinococcosis recorded in the EU.

. In Asia, there is no precise national data but parasitic diseases
are known to be widely spread and are recognized as major public health
problems in many countries.

. In most African nations there is no data at all on the prevalence
of food borne parasites in humans because there of a general lack of
surveillance systems.

. In the United States, Neurocysticercosis, caused by Taenia
solium, is the single most common infectious cause of seizures in some
areas of the US where 2 000 people are diagnosed with neurocysticercosis
every year. Toxoplasmosis is a leading cause of food-borne illness and
death (6, 33).

3.2. Life Cycle

Human taeniasis is a parasitic infection caused by three tapeworm species,
T. saginata (known as the beef tapeworm), T. solium (pork tapeworm),
and T. asiatica (the Asian tapeworm). Humans are the only hosts for these
Taenia tapeworms. Humans pass the tapeworm segments and/or eggs in
feces and contaminate the soil in areas where sanitation is poor. Taenia
eggs can survive in a moist environment and remain infective for days to
months. Cows and pigs become infected after feeding in areas that are
contaminated with Taenia eggs from human feces. Once inside the cow
or pig, the Taenia eggs hatch in the animal’s intestine and migrate to
striated muscle to develop into cysticerci, causing a disease known as
cysticercosis. Cysticerci can survive for several years in animal muscle.
Humans become infected with tapeworms when they eat raw or
undercooked beef or pork containing infective cysticerci. Once inside
humans, Taenia cysticerci migrate to the small intestine and mature to
adult tapeworms, which produce segments and eggs that are passed in
feces (6, 22, 30).
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4. Symptoms

Most people with tapeworm infections have no symptoms or mild
symptoms. Patients with T. saginata taeniasis often experience more
symptoms that those with T. solium because the T. saginata tapeworm is
larger in size (up to 10 meters (m)) than T. solium (usually 3 m).
Tapeworms can cause digestive problems including abdominal pain, loss
of appetite, weight loss, and upset stomach. The most visible symptom of
taeniasis is the active passing of proglottids (tapeworm segments) through
the anus and in the feces. In rare cases, tapeworm segments become
lodged in the appendix, or the bile and pancreatic ducts. Infection with T.
solium tapeworms can result in human cysticercosis, which can be a very
serious disease that can cause seizures and muscle or eye damage (14, 26).

Taeniasis due to T. solium or T. saginata is usually characterized by mild
and non-specific symptoms. Abdominal pain, nausea, diarrhoea or
constipation may arise 6-8 weeks after ingestion of the cysticerci when
the tapeworms become fully developed. These symptoms may continue
until the tapeworm dies following treatment, otherwise it may live for
many years. In the case of cysticercosis due to T. solium, the incubation
period is variable, and infected people may remain asymptomatic for
years. In some endemic regions (particularly in Asia), infected people
may develop visible or palpable nodules (a small bump or node which is
solid that can be detected by touch) beneath the skin (subcutaneous).
When cysts are recognized by the host following spontaneous
degeneration or after treatment, an inflammatory reaction may occur.

Neurocysticercosis is associated with a variety of symptoms and signs
depending on the number, size, stage and location of the pathological
changes as well as the host’s immune response and the parasite’s
genotype, but it can also be clinically asymptomatic. Symptoms may
include chronic headaches, blindness, seizures (epilepsy if they are
recurrent), hydrocephalus, meningitis, dementia and symptoms caused by
lesions occupying spaces of the central nervous system (6, 11, 20).

5. Diagnosis

Diagnosis of Taenia tapeworm infections is made by examination of stool
samples; individuals should also be asked if they have passed tapeworm
segments. Stool specimens should be collected on three different days and
examined in the lab for Taenia eggs using a microscope. Tapeworm eggs
can be detected in the stool 2 to 3 months after the tapeworm infection is
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established. Tapeworm eggs of T. solium can also infect humans, causing
cysticercosis. It is important to diagnose and treat all tapeworm infections
(13, 29).

6. Treatment

Taenaisis can be treated with praziquantel (5-10 mg/kg, single-
administration) or niclosamide (adults and children over 6 years: 2 g,
single-administration after a light breakfast, followed after 2 hours by a
laxative; children aged 26 years: 1 g; children under 2 years: 500 mg).
Currently there are no standard treatment guidelines for
neurocysticercosis and treatment has to be tailored to the individual case.
Since the destruction of cysts may lead to an inflammatory response,
treatment of active disease may include long courses with praziquantel
and/or albendazole, as well as supporting therapy with corticosteroids
and/or anti-epileptic drugs, and possibly surgery. The dosage and the
duration of treatment can vary greatly and depend mainly on the number,
size, location and developmental stage of the cysts, their surrounding
inflammatory edema, acuteness and severity of clinical symptoms or
signs (24).

7. Prevention and Control

Infections with T. saginata can be managed through an individual clinical
approach due to its low pathogenicity (low ability to spread from host to
host). In contrast, infections due to T. solium require proper public health
interventions aimed at their prevention, control and possibly elimination
(5, 27). Eight interventions for the control of T. solium can be used in
different combinations designed on the basis of the context in the
countries:

. health education; identification and treatment of taeniasis cases;
access to preventive chemotherapy;

. improved sanitation; improved pig husbandry;

. anthelmintic treatment of pigs; vaccination of pigs;

. improved meat inspection, and processing of meat products.

. Drink water only from treated municipal water supplies.

. Do not eat undercooked pork or meat.
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. When traveling to countries where the water supply may be
unsafe, either avoid the water or boil it for 1 minute to kill parasite eggs.
Avoid ice in those same areas. Drinking bottled beverages or hot coffee
and tea are safe alternatives.

. Do not swallow water while swimming. Do not swim in
community swimming pools if you or your child are infected with
tapeworms.

. Wash, peel, or cook raw fruits and vegetables before eating.

. Make sure that infected individuals wash their hands frequently
to reduce the spread of infection (10, 24).

Reliable epidemiological data on geographical distribution of T. solium
taeniasis/cysticercosis in people and pigs is still scarce. Appropriate
surveillance mechanisms should enable new cases of human or porcine
cysticercosis to be recorded in order to help identify communities at high
risk and focus prevention and control measures in these areas. One way
to prevent taeniasis is to cook meat to safe temperatures. A food
thermometer should be used to measure the internal temperature of
cooked meat. Do not sample meat until it is cooked. USDA recommends
the following for meat preparation (20,24)

. For Whole Cuts of Meat (excluding poultry)

. Cook to at least 145° F (63° C) as measured with a food
thermometer placed in the thickest part of the meat, then allow the meat
to rest* for three minutes before carving or consuming.

. For Ground Meat (excluding poultry)
. Cook to at least 160° F (71° C); ground meats do not require a
rest* time.

8. Status of Taeniasis in Ethiopia

Taenia saginata is a cosmopolitan parasitic disease found in industrialized
countries as well as in developing countries. It is also more common in
populations/age groups that consume raw or undercooked beef [32]. In
Eastern African countries like Ethiopia up to 70% of the population
reports to have been infected with a tapeworm [33] while in developed
western countries much lower prevalence (0.01% to 10%) were recorded
[31]. Similarly, bovine cysticercosis, the source of infection for human
beings, is highly prevalent in developing like Ethiopia. The prevalence of
bovine cysticercosis in Ethiopia reported so far varies from relatively
lower prevalence of 3.1% in central Ethiopia [34] to as high as 26.2% at
Awassa [35] whereas in Europe it ranges from 0.007% to 6.8% [6].
Differences in geographical isolates of the parasite and in the breed and
age of cattle have been suggested as possible factors affecting the
distribution of Cysticercus bovis [34].

Economic losses due to bovine cysticercosis are associated with total
condemnation of carcasses with generalized infestation and downgrading
of carcasses which are subjected to refrigeration, in addition to the cost of
refrigeration and extra handling and transport [33]. The treatment cost for
human and costs of manufacturing of drugs have significant contribution
in estimation of economic losses [37]

Taeniasis caused by T. saginata is a well-known disease in Ethiopia with
prevalence ranging from 10% to 70%. The prevalence reports of
cysticercosis in Ethiopia showed variable results with localities.
Relatively lower prevalence of 3.1% in Central Ethiopia, 4.9% at Gonder
(34) and 7.5% in Addis Ababa (35) were reported, while others reported
as high as 17.5% in East Shoa (36), 21% at Nekemt, 26.25% at Awassa
(37) and 30% from different abattoirs in the country. Hence, bovine
Cysticercosis is an important public health and economic problems
caused by its consequence on public health, nutrition and economy of
some countries.
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In Ethiopia, the rural communities mainly raise cattle under extensive
husbandry practices. Existence of higher population density, raw meat
consumption, low awareness, poor hygiene and sanitary infrastructures
may facilitate transmission of the disease between animals and human
beings in the rural areas. The prevalence reports of cysticercosis in
Ethiopia showed variable results with localities. Relatively lower
prevalence of 3.1% in Central Ethiopia, 4.9% at Gondor (34) and 7.5% in
Addis Ababa (35) were reported. A prevalence of 5.9% out of 996
examined animals at slaughter at Asmara; 9.7% out of 1168 at Gonder
meat factory have been recorded; while others reported as high as 17.5%
in East Shoa (36), 21% at Nekemt, 26.25% at Awassa (37) and 30% from
different abattoirs in the country (31).

The common traditional animal husbandry practices in Ethiopia (free
grazing in cattle) mainly allow free access of cattle to the contaminated
environment and perpetuate transmission of Cysticercosis, due to the fact
that cattle become infected by ingestion of pasture/feed or water
contaminated with T. saginata eggs (38). It is associated with poor
hygiene and local factors including cultural background, such as eating
meat without proper cooking (raw), economic condition and religious
beliefs, close proximity of humans to cattle kept with little or no
distinction between companion or utility functions (39). As reported in
Ethiopia from several authors, prevalence the average 30% from different
abattoirs in the country (40) and 30.7% at Eastern Shoa of Oromia (41).

Most of the positive respondents witnessed infection once per lifetime in
their stool and underwear. Respondents confirmed that they do not
consume pork meat due to religious purposes, so the proglottids observed
were doubtless to be of T. saginata and also, T. saginata is known for its
more frequent anal expulsion than Theridion solium (24). In the present
study, self-medication was higher than consulting health professionals to
treat the infection they observed, which have to be prohibited to avoid the
development of drug resistance. Even though half of positive respondents
were aware of human taeniasis and its transmission mode, they still
consume raw beef dishes like kurt and kitfo, which contributed to the
higher burden of the disease in the country. Taenia saginata
taeniasis/cysticercosis is high economic and public health impacts in
Ethiopia; as a result control and prevention of the disease has great
importance.

9. Conclusion

The prevalence of C. bovis in cattle and T. saginata in humans is high in
Ethiopia. The widespread distribution of Taenia saginata/ Cysticercus
Bovis is associated with

several factors. The prevalence of C. bovis is associated with age, body
condition and site, while the prevalence of T. saginata in humans was
associated with occupation, educational status, marital status and raw beef
consumption habits, bush defecation and poor waste disposal practice,
low level of public awareness and presence of backyard (village)
slaughtering practices. Poor meat inspection procedures and raw and
undercooked meat consumption is common in Ethiopia. Slaughter rooms
are small, government enforcements are weak and backyard slaughtering
is practiced. Besides, large numbers of animals were inspected with one
meat inspector. The practice of self-medication was high in positive
respondents than consulting health professionals for treatment
complicating the disease's impact further to drug resistance. To reduce the
impact of the disease, a coordinated one health intervention is highly
advised. Behavioral change in human consumers and also limiting human
sewage reaching cattle to breaking the life cycle of T. Saginata is
necessary to lower the impact of the disease in the country. Finally, the
present review reflects the zoonotic and economic impact of the disease.
Therefore, serious attention should be given to the public awareness,
detailed meat inspection to be safe to public health, consumption of well-
cooked cattle meat should be implemented for breaking the cycle of the
diseases and promote meat industry in the country.
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