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ABSTRACT

Foodborne infections cause significant health problems world-
wide. Among the causative agents of these infections, bacteria and
viruses are more common, but there are also some protozoans.
Among these protozoa, the infection caused by Cyclospora cay-
etanensis, which has been widely researched recently, is thought
to be quite common in our country. Water and food contaminated
with human feces are the main reservoirs of the agent. The agent is
transmitted by fecal-oral route. Inattentions in eating habits, wrong
practices, consumption of undercooked or raw foods, and con-
taminated drinking and utility water lead to infection. The infec-
tion affects the digestive system, and patients mainly suffer from
diarrhea. C. cayetanensis symptoms are more severe in patients
with HIV/AIDS. The infection is widespread in areas with poor hy-
giene and sanitation. Improving the hygiene conditions in these
areas, washing vegetables and fruits well, filtering the water used
for washing and drinking, and paying attention to general hygiene
rules, especially hand hygiene, of the personnel working in the
food production line significantly reduces the transmission and
prevalence of infection.
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Introduction

Foodborne infections constitute a significant health
problem worldwide. WHO reports that one in three
people is affected by yearly foodborne infections.
Viruses, bacteria, and protozoa cause these infections
and can infect foods at any stage, from farm to fork'.

Among the factors that cause food infections are bacte-
ria such as Salmonella, Campylobacter, and Escherichia,
viruses such as Norovirus, Hepatitis A virus, Rotavirus,
etc.,and protozoans such as Toxoplasma, Cryptosporidia
and Cyclospora are the most important®.

OZET

Gida kaynakli enfeksiyonlar diinya capinda bliyik saglik sorunlarina
neden olmaktadir. Bu enfeksiyonlara neden olan etkenler arasinda
bakteriler, viriisler daha ¢ok sayida olmakla birlikte bazi protozoon-
lar da bulunmaktadir. Bu protozoonlar icinde son zamanlarda ¢ok
arastinilan Cyclospora cayetanensis’in neden oldugu enfeksiyonun
iilkemizde de oldukca yaygin oldugu diisiiniiimektedir. insan diski-
sl ile kontamine olmus su ve gidalar etkenin baslica rezervuarlaridir.
Etken fekal oral yolla bulasir. Beslenme aliskanliklarindaki dikkat-
sizlikler, yanlis uygulamalar, az pismis veya cig gidalarin tiketimi,
kontamine icme ve kullanma sular enfeksiyonu ortaya ¢ikarmak-
tadir. Enfeksiyon sindirim sisteminde etkili olup, hastalarda daha
cok ishal gérilmektedir. C. cayetanensis semptomlar HIV/AIDS’li
hastalarda daha siddetlidir. Enfeksiyon hijyen sanitasyonun yeter-
siz oldugu boélgelerde cok yaygindir. Koruma ve kontrolde ise bu
bédlgelerdeki hijyen kosullarinin iyilestiriimesi, sebze ve meyvelerin
iyi ytkanmasi, yikama ve icmede kullanilan sularin filtre edilmesi,
gida dretim hattinda calisan personelin basta el hijyeni olmak (zere
genel hijyen kurallarina dikkat etmesi bulasmayi ve enfeksiyon yay-
ginligini blylik oranda azaltmaktadir.

Anahtar kelimeler: gida hijyeni; Cyclospora cayetanensis; gida enfeksiyonu;
protozoon

Although many protozoan diseases have been known
for a long time, new infective types are detected dai-
ly. Toxoplasma, Babesia, Cryptosporidium, Eimeria,
Theileria, Sarcocystis, Cyclospora etc. They are essential
protozoan species known to date regarding human and
animal health®. Most of these protozoa are intracellular
parasites and reproduce by sporulation®.

Transmission of protozoa to humans occurs through
contact with carrier animals or oral ingestion of in-
fective cysts in the external environment. Water and
soil play essential roles as intermediary sources in
transmission’.
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C. cayetanensis is one of the most researched parasites
in recent years. Research has also shown that C. cay-
etanensis is a crucial foodborne protozoan that threat-
ens public health worldwide®. Cyclospora infections
are more prevalent in underdeveloped countries, par-
ticularly in Asia. The disease has been identified as the
cause of ‘Cyclosporiasis, which has coccidian features
in the gastrointestinal tract in humans. This disease,
characterized by diarrhea, is also known as summer di-
arrhea or traveler’s diarrhea in tropical regions”.

History

Cyclospora protozoon was first discovered in the intes-
tines of moles by Eimeria in 1870 Its genus was de-
fined as Cyclospora by the German scientist Schneider
in 1881. Species of Cyclospora were first identified in in-
sects, reptiles, and rodents rather than humans’. Until
this parasite was named, it was called many different
names, such as blue-green alga, Cryptosporidium-like,
Cyanobacterium-like body or Coccidian-like body’.
The first disease caused by C. cayetanensis, which is
responsible for gastrointestinal disorders with these
names, is thought to be the outbreak in Papua New
Guinea in 1970". After this protozoan was first iso-
lated in Peru in 1994, its species name, C. cayetanensis,
started to be used’.

Morphology and life cycle of the parasite

C. cayetanensis taxonomically belongs to the subclass
Coccidia of the Apicomplexa branch of the Eimeriidae
family of the order Eucoccidiorida'®. Oocyst, sporo-
zoite, trophozoite, merozoite, microgametocyte, and
macrogametocyte are the morphological shapes seen
in the life cycle'. The oocysts of C. cayetanensis are
8-10 pm in diameter and spherical, and the cyst wall is
colorless, double-layered, and thinner than 1 pm. The
oocysts can sporulate in the external environment. A
sporulated oocyst consists of two sporocysts, and each
sporocyst consists of two sporozoites. Sporocysts are 4
X 6 um in diameter and oval in shape. The sporozoites
inside are banana-shaped, and their length varies be-
tween 1 x 9 um'. Cyclospora sporozoites have a typical
structure consisting of a polar ring, conoid, and rhopti.
In the host, the protozoan reproduce sexually (gam-
etogony) and asexually (merogony or schizogony)“.

The life cycle of C. cayetanensis has not yet been fully
described. Still, the sporulation process of the oocyst
is well-known. The oocyst, formed in the parasite’s
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intestinal cells, sporulates between 1-7 days at 22°C -
30°C outdoors after excretion in feces™.

The season is another important factor affecting the
oocysts  sporulation process and contamination.
Environmental factors such as temperature and humidity
are the most critical parameters of sporulation as they af-
fect the viability of the oocyst". Seasons worldwide vary
depending on geographical location; for example, C. cay-
etanensis infection is more common between May and
July in the USA and between April and June in Peru'®.

Human infection occurs through ingesting sporulated
oocysts in contaminated food and water. Oocysts tak-
en into the body become sporozoites due to the dis-
integration of the oocyst walls under the influence of
bile, trypsin, and other factors in the gastrointestinal
tract. These sporozoites settle in the epithelial cells of
the small intestine (especially the jejunum) and form
an intracellular life cycle there’. Symptoms appear in
the host after incubating from 1 to 15 days (Figure 1).

Ways and sources of transmission of the parasite

Oocysts of C. cayetanensis are excreted in an unsporu-
lated form from an infected body. These oocysts need
sporulation in the external environment to gain infective
properties'. Transmission is not possible through direct
human-to-human contact; transmission occurs indirect-
ly*. The disease occurs via the fecal-oral route, meaning
people become infected by orally ingesting sporulated
oocysts'®. These oocysts may come from soil, fomites, or
contaminated food and water?'. Oocysts are durable in
the external environment (in food and water) for a long
time and do not lose their infective properties®.

Indirect transmission of C. cayetanensis from person to
person is relatively high. However, due to the sporu-
lation process outside, environments are needed to
create infection. It is caused by water, soil, food, and
people contaminated with feces containing sporulated
oocysts*’. The main intermediary sources in the meet-
ing are as follows.

Water

Water contaminated with feces is an important source
of transmission of C. cayetanensis into the body®. There
have been many reports of waterborne transmission of
C. cayetanensis**. Oocysts are most commonly found
in water used for agriculture?. Consuming untreated
water and swimming in stagnant waters such as rivers

and lakes are essential sources of infection?.
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Figure 1. Life discussion of C. cayetanensis®.

C. cayetanensis is a biological indicator to determine
fecal contamination in Asian aquaculture waters. It
shows whether the feces mixed with water are of hu-
man or animal origin"’.

Soil

Soil is one of the important sources of contamination
and infection for C. cayetanensis®. Studies have shown
that contact with soil from C. cayetanensis is a risk factor
for infections in developing and developed countries®.
The fact that vegetables and fruits are in contact with
the soil during the growing process or irrigation paves
the way for contamination®. In Venezuela, where most
Cyclospora cases are associated with inadequate sanita-
tion facilities, infections commonly occur due to soil
contamination with feces. Consequently, there is an
observed relationship between socioeconomic status
and infection®.
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Person

C. cayetanensis is a species that has only been detected
in humans so far. Although 17 different species of
Cyclospora have been identified in many living things,
none of them have the same characteristics as the C. cay-
etanensis species isolated from humans®. Therefore, C.
cayetanensis was considered anthroponotic®®?!.

C. cayetanensis is prevalent in regions where agricul-
ture is widespread, and handwashing is not a common
practice®. People engaged in earthworks contaminate
oocysts into foods during harvest time*”. Once more,
personnel working in the food production line are like-
ly to transmit C. cayetanensis if they do not adhere to
necessary personal hygiene rules *.

Food

Carelessness or wrong practices in eating habits, such
as consumption of undercooked or raw foods, in-
crease parasitic infections™. Studies have reported that



Table 1. C. cayetanensis epidemics in the world (2000-2015)63
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COUNTRIES YEAR NUMBER OF CASES SOURCE OF INFECTION ORIGIN OF INFECTION
ABD 2000-2015 2184 Peas, basil, coriander, lettuce, indeterminate Guatemala, Mexico, Uncertain
Germany 2000 34 Salad, herbs France, Italy, Germany
Australia 2010 266 Lettuce Malaysia
United Kingdom 2015 79 Raspberry cake Mexican
Indonesia 2001 14 Uncertain Uncertain

Spain 2003 11 Raspberry juice Guatemala
Sweden 2009 18 Pea Guatemala
Canada 2001-2015 451 Thai basil, coriander, basil, garlic, indeterminate ABD, Mexico, Uncertain
Colombia 2002 31 Salad, juice Uncertain
Mexican 2001 97 watercress Uncertain
Peruvian 2004-2005 164 Uncertain Uncertain
Poland 2013 3 Drinking water Indonesia
Tiirkiye 2005-2007 305 Drinking water, undetermined Uncertain

outbreaks often occur following the consumption of
freshwater oysters in Asia, revealing that 48% of these
oysters harbor Cyclospora oocysts for up to 13 days*.
Another transmission source is the consumption of
fresh fruits and vegetables that are difficult to clean and
contaminated with oocysts without washing®. These
foods include raspberries, blackberries, greens, basil,
coriander, and salad products®”. Moreover, the incom-
plete removal of oocysts during food washing remains

a significant source of infection *.

Prevalence of C. cayetanensis cases in the world

Global research shows that cyclosporiasis occurs mainly
in tropical and subtropical regions. The protozoan was
first detected in endemic areas such as Haiti, Guatemala,
Peru, and Nepal. It is more common in Central and
South America and South East Asia, including India,
Nepal, and Indonesia. The Middle Eastern countries,
where our country is situated, are also among the regions
where the disease is observed®.

The first documented epidemic took place in Chicago
in 1990, affecting 21 individuals. The outbreak was
suspected to be linked to a broken water pump or food
consumed at a party, yet the exact source could not be
determined®. Two outbreaks were reported in 1995,
affecting 32 people in New York and 38 in Florida. In
the three years following these outbreaks, infections
caused by C. cayetanensis were detected in an addition-
al two thousand people™.

The first case of C. cayetanensis in Turkiye was reported
in 1998 in a patient with AIDS*. C. cayetanensis was
detected in two people who returned from Tiirkiye
to France in 2004 and five people in 2005". Our

country’s first waterborne cyclosporiasis epidemic was
reported in Izmir in 2007. C. cayetanensis was detected
in two out of 554 individuals who visited the hospital
with diarrhea®. In 2008, C. cayetanensis was detected
in one of 138 children between the ages of 2 and 6 who
were brought to the Maternity and Pediatrics Hospital
in Kars with gastrointestinal complaints®. In 2012, C.
cayetanensis was detected in 13 of 75 people with di-
arrhea in Diyarbakir*. According to these results, C.
cayetanensis is our country’s second most common pro-
tozoan. The global C. cayetanensis epidemics in recent
years are presented in Table 1.

Symptoms

Symptoms appear 1 to 7 days after the C. cayetanen-
sis oocyst is ingested and settles in the small intestine.
These symptoms start as malaise’®®. In cyclosporia-
sis infection, defecation an average of 7 times daily is
pathognomonic for the disease. It is characterized by
symptoms of watery diarrhea, abdominal bloating,
cramps, nausea, low-grade fever, fatigue, and weight
loss. It is seen as severe, long-lasting, or chronic diar-
rhea in immunocompromised or immunocompro-

mised patients (AIDS, children, the elderly)*.

Symptoms last approximately 3 to 4 days; if treatment
is not started during this period, the process may last
up to several weeks®. Cyclosporiasis symptoms are
more severe in HIV/AIDS patients. While an aver-
age of 3.5 kg of weight is lost during the disease, this
weight loss increases to approximately 7 kg in HIV-
positive patients”. While the average duration of di-
arrhea was 57.2 days in HIV-negative patients, it was
observed to last 199 days in HIV-positive patients®.
In places where the disease is endemic, symptoms are
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340

more asymptomatic®. Following a Cyclospora in-
fection, Guillain-Barre syndrome,*® and reactive ar-
thritis syndrome (Reiter syndrome) may develop'.
Cyclosporiasis, overall, has a low mortality rate’”
However, if left untreated, infection can persist inter-

mittently*? (Table 1).

Diagnosis

Because C. cayetanensis is intracellular, diagnosing cases in
routine analysis* is complex. In cases where cyclosporiasis
is suspected, it is diagnosed only by microscopic examina-
tion and molecular diagnosis of stool samples performed
by experts™. Microscopy examines the size and shape of
C. cayetanensis in the feces and the presence of unsporu-
lated oocysts. C. cayetanensis oocysts and cryptosporidium
spp. since the oocysts are close in size, they are likely to
be confused. For a definitive diagnosis, waiting for the
oocysts to sporulate® is necessary. The samples taken are
incubated at 23-30°C for 7 to 15 days, and oocysts are
examined after sporulation has occurred’.

The sampling step is vital in diagnosis. Due to the
low number of oocysts in the feces, the multiplicative
method must be employed®. Formol ethyl acetate or
Shether’s sugar flotation method is used for the bulk-
ing method®. The sample is preserved in 2.5% potas-
sium dichromate for PCR analysis and 10% formalin
for microscopic diagnosis and staining. Samples can be
frozen for long periods for diagnosis®*>¢.

Samples taken from the stool are stained with acid-
resistant dyes (Modified Ziehl-Neelsen (hot method)
or Kinyoun (cold method)) and examined with a light
microscope®’. Cyclospora oocysts are seen under the
microscope as 8—10 um in size and spherical, resem-
bling a morula in the middle. In its differential diag-
nosis, C. cayetanensis is examined with a fluorescence
microscope using its autofluorescence feature. Here, C.
cayetanensis oocysts are seen as light blue at 330-380
nm in size or green at 450-490 nm in size®.

The identification of C. cayetanensis in food is made
by microscopic examination of swabs taken into the
food*. If multiplication is necessary, formalin-ether
precipitation or sucrose flotation techniques increase
the amount of oocysts. It is easily detected under the
microscope by observing its spherical structures of
8-10 um in size®. Environmental Protection Agency
(EPA) techniques 1622 and 1623.1, employed in the
USA to detect cryptosporidium oocysts in waters, are
also used for Cyclospora oocysts®.
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Treatment

The use of Trimethoprim-Sulfametaxazole (TMP-
SMX) is recommended in the treatment of cyclo-
sporiasis. Studies found that a 5-25 mg/kg dose
stopped oocyst excretion in children after three days of
treatment®’.

Prevention and Control

To ensure the protection and control of C. cayetanen-
sis, the parasite’s life cycle, the disease’s epidemiology,
hygiene conditions, and the climate of the environ-
ment where the agent is found must be taken into ac-
count. The factor is generally associated with regions
with poor hygiene and economic conditions. Suppose
the general hygienic conditions in these regions are
improved. In that case, the burden of water and food
contaminated with feces can be reduced”. Good agri-
cultural practices should be implemented to prevent
cyclosporiasis. The aim here is to reduce the role of
protozoa in transmission. The purification and use of
water in agricultural practices reduce the occurrence of
the disease*. Water should be filtered to be protected
from contaminated water, and irrigation should be car-
ried out by providing filtration®. It is important to pass
shellfish from where they are grown to clean waters be-
fore catching/collecting them and to subject them to
heat treatment to reduce microbial contamination®.
If hygienically questionable water is used to clean
fresh vegetables and fruits, the water used should be
boiled or filtered®. Another cleaning method before
consuming fresh vegetables and fruits is to disinfect
them. Vegetables and fruits immersed in Sodium di-
chloroisocyanurate solution for disinfection have been
reported to reduce the number of parasites, including
C. cayetanensis®. It is treated with magnesium oxide
nanoparticles to prevent sporulation of C. cayetanensis
oocysts in water to be used in agricultural areas. This
prevents sporulation and ensures that the water is safe.
The hygienic status of people working in agricultural
areas, which is an important factor in contamination,
should be checked. If the farmer has any symptoms of
gastroenteritis, he should not be allowed to come into
contact with food. Preventing access to contaminated
water during personal hygiene, practicing thorough
handwashing, and ensuring proper sewage disposal
are vital measures to prevent C. cayetanensis infection.
Compliance with general hygiene rules has an essential
place in preventing the disease. There is no vaccine yet
for C. cayetanensis®*.



Conclusion

C. cayetanensis is a protozoan that infects humans
through food. What makes this protozoan significant
is its presence in the foods we consume daily and in
water, which is a crucial element in our lives. Infection
occurs via the fecal-oral route. These oocysts ingested
through food cause chronic diarrhea in humans. It
causes long-lasting health problems for public health.
Prevention is to wash vegetables and fruits and remove
soil residue. However, the water should be boiled or
filtered while washing with appropriate filtration sys-
tems due to the possibility of water contamination.
Drinking water must be used after it has been purified.
It is recommended that the person affected by the in-
fection receive the necessary training and comply with
personal hygiene rules.
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