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Human Infection of Cyclospora cayetanensis: A Review on its

Medico-biological and Epidemiological Pattern in Global Scenario

Ghimire TRa and Sherchan JBb

Abstract
...................................................................................................................................................................................................................................

Introduction Newly emerging Cyclospora cayetanensis is a coccidian protozoan parasite found in the

chronic diarrhoeal disease patient and in immunocompetent and immunocompromised

patients worldwide and has limited biological, epidemiological recognition of disease pattern

and treatment information in academic and applied medico-biological sciences.

...................................................................................................................................................................................................................................

Objectives The main aim of this study is to highlight the medico-biological and epidemiological

characters of Cyclospora with especial emphasis to C. cayetanensis Ortega, Gilman and

Sterling, 1994.

...................................................................................................................................................................................................................................

Methods This retrospective description is based on the reliable literatures available all over the

world. Different full texts, Medline and abstracts or summary of the journals, reports, books,

reliable and related websites and thesis published or unpublished from 1870 AD to 2005 AD

have been used during the explanation of the subject.

...................................................................................................................................................................................................................................

Results Cyclospora was detected in different animals. It was reported in humans in 1979 and it was

classified, and then reclassified in Genus Cyclospora in 1994. Classification is not seemed

to be complete due to its homology with Eimeria species. Transmission of Cyclospora is

through food, water, faeces, soil, domestic animals and arthropod vectors. It affects small

intestine of human body. Symptoms include acute and chronic watery diarrhoea or protracted

diarrhoea, abdominal discomfort, myalgia, nausea and vomiting with the average 7

day-incubation period. Extra-intestinal cyclosporiasis have been observed. Treatment

consists of TMP-SMZ after the parasites are detected in stool by different diagnostic tools

and techniques.

...................................................................................................................................................................................................................................

Conclusion The establishment of a reliable pathology lab, training on outbreaks and stool processing

and examination and molecular diagnostic tools and techniques in food, water and animal

faecal and histological materials are necessary to prevent Cyclospora.

...................................................................................................................................................................................................................................
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Introduction

Cyclospora cayetanensis is a coccidian protozoan

parasite found in chronic diarrhoeal disease patient

and in immunocompetent and immunocompromised

patients worldwide. There are no complete literatures

that include the biological and epidemiological

characteristic features of this parasite. So, this study

has been conducted retrospectively to explain these

characters.

Methods

This description is based on the reliable literatures

available all over the world. The literatures were

collected from the library of Central Department of

Zoology, Kirtipur, Central Library, Kirtipur, library of

Nepal Health Research Council, Ramshah Path,

Internet websites, and Web database. Different full

texts, Medline and abstracts or summary of the

journals, reports, books, reliable and related websites

and thesis published or unpublished from 1870 AD

to 2005 AD have been used during the explanation

of the subject. The contents contain the complete

retrospective secondary data.
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Results

Historical Prospectus

First of all, the presence of a parasite with cyclosporan

morphology was reported in the intestine of the mole

Talpa europaea in 1870, but no name was given at

this time1. The genus was created for the parasite

Cyclospora glomericola Schneider 1881 from the

millipede Glomeris (Diplopoda)2. The asexual and

sexual stages of life cycle were elaborated for the

mole parasite, Cyclospora caryolytica Schaudinn

19023. Cyclospora has previously been found in

myriapods2, insectivores3-8, reptiles9, one murine

host10 and African green monkey, colobus monkey

and olive baboon11.

The first published report of Cyclospora cayetanensis

in humans appears to be by Richard Ashford, the

British parasitologist working in 1979. He found

scanty organisms or unidentified Isospora-like

coccidia in the faeces of three individuals (only 2 of

the 3 infected persons were ill) in Papua New

Guinea12. Sporulation was so delayed that he had

almost discarded the specimens and so he remarked

them unsporulated oocysts13. Subsequent reports

of infection caused by these organisms isolated from

faeces suggested the presence of a new pathogen

that might be an unsporulated, coccidian body or a

fungal spore14, unsporulated coccidian15, a

flagellate16, Cryptosporidium muris like oocysts16,17,

a large cryptosporidium17, a blue green algae or

cyanobacterium-like body or CLB17-20 or a

coccidian-like body17-19. It was described under the

genus Cyclospora21, then details about this

coccidian22 and finally a complete morphologic

description and its taxonomic status on the basis of

in-vitro sporulation, mechanical excystation and

transmission electron microscopy22 from Peruvian

isolates of human-associated Cyclospora was

published to validate the name as Cyclospora

cayetanensis Ortega, Gilman and Sterling, 199423. The

nomen triviale combines the name of the university

where the principal studies on this parasite were

conducted cayetan- (Cayetano Heredia University,

Lima, Peru) and -ensis (L., belonging to)23.

Cyclospora cayetanensis (or a morphologically

similar species) has been reported in duck from Peru24,

in baboons and chimpanzees from Tanzania25, in dogs

from Brazil26, in chicken27 from Mexico and in chicken,

dogs, rats, mice and monkeyfrom Nepal28-32. It is not

known whether this Cyclospora sp. represents

Cyclospora cayetanensis Ortega, Gilman and

Sterling, 199421 or other species. Nucleotide

sequence variability in the first internal transcribed

spacer regions within Cyclospora cayetanensis from

different geographic origins has been observed and

suggests the existence of multiple strains33,34.

Cyclospora cayetanensis is more phylogenetically

related to Eimeria mitis and Eimeria tenella than to

Cryptosporidium spp35,36. There has been much

debate as to where to place Cyclospora cayetanensis

taxonomically due to its homology with Eimeria

species37. The taxonomic status of Cyclospora on

the basis of modern system38 can be described as:

Kingdom: Protozoa (Goldfuss, 1818) R. Owen,

1858, Subkingdom: Biciliata, Infrakingdom: Alveolata

Cavalier-Smith, 1991,   Phylum: Myzozoa Cavalier-Smith

and Chao, 2004,  Subphylum: Apicomplexa Levine,

1970,    Class: Conoidasida Levine, 1988,    Subclass:

Coccidiasina Leuckart, 1879,  Order: Eucoccidiorida

Léger & Duboscq, 1910,    Suborder: Eimeriorina

Léger, 1911, Family: Eimeriidae  Minchin, 1903,  Genus:

Cyclospora Schneider, 1881, Species: Cyclospora

cayetanensis Ortega, Gilman and Sterling, 1994.

Morphology

Different parasitologists explained the asexual and

sexual stages of the Cyclospora cayetanensis on

the basis of morphologic and electron microscopic

studies39,40. It is a polymorphic intracellular coccidian

parasite and consists of the following morphological

stages in its life cycle:

Oocyst: The infective stage of this coccidian is the

sporulated ‘oocyst,’ which is the environmentally

resistant cystic stage. Only unsporulated oocysts

come out of the host during shedding of oocysts in

the faeces. These oocysts need time (days or weeks)

after being passed in bowel movements to develop

into an infectious stage. The immature oocyst   is

uniformly spheroidal with a diameter of 8-10 µm

(7.7-9.9µm).This oocyst has a 113 nm thick bilayered

wall. The outer rough coat is 63 nm thick, while the

inner smooth layer is 50 nm thick. A polar body and

ooocyst residuum are present. The unsporulated

oocysts may have a granular cytoplasm. They appear

as non-refractile, round, hyaline structures

containing an arrangement of refractile membrane

with 6-9 bound globules. The mature oocysts have a

fibrillar coat and cell wall similar to that of the

unsporulated oocysts23. Ozone at appropriate

concentration inactivates these oocysts in water41.

They survive in the standard chlorination process.

They are unlikely to survive the temperature achieved

in anaerobic digestion and do not survive well under

low moisture conditions42. The unsporulated

oocysts are killed by the gamma irradiation of137 Cs

at 0.5 K Gy on the fruits and vegetables43.

Sporocyst: Each oocyst contains two ovoidal

sporocysts with 6.3 µm long and 4.0 µm broad. Each
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sporocyst has a of 62 nm thick wall. Sporocyst has

Stieda and substieda bodies. Sporocyst residuum

has large spherical globules23.

Sporozoite: Spore formula of this coccidian is 0.2.2

Cyclospora A.Schn3. It has an oocyst with 2

sporocysts, each with 2 sporozoites with a total of 4

sporozoites. The size of each sporozoite is 9.0 µm

long and 1.2 µm wide23. They are slender and

crescent-or spindle-shaped, motile and are infective.

Trophozoite: The trophozoite is intracellular and is

quite incapable of any kind of movement. It is about

4 µm long and 2 µm wide in size.

Merozoites: There are two types of meronts: the first

meront (meront I) having 8-12 merozoites and the

second meront (meront II) having 4 merozoites. These

meronts are about 3-4 µm long and 0.5µm wide44.

The merozoites are banana-shaped45.

Microgamonts: The ‘meront II’ forms male gamonts

known as microgamonts or microgametocytes. Inside

microgametocytes, numerous flagellated sperm-like

motile microgametes are formed due to multiple

fission.

Macrogamonts: Most of the ‘meront II’ forms female

gamonts known as macrogamonts or macrogametocytes.

They are larger in size than microgamonts.

Life Cycle

It is a monoxenous parasite because life cycle is

completed in only one host39,40. Life cycle in human

Cyclospora is similar to that observed in animal

species. It is completed in two phases as: exogenous

and endogenous. The stage, which takes place

outside the body of the human hosts, is called

exogenous stage. Further development of

sporocysts and sporozoites is called as sporogony

or sporulation, which occurs only in the presence of

appropriate atmospheric oxygen concentrations,

temperature, humidity etc. It takes place from two

weeks at 250C and up to four to six months at

40C46after oocysts are passed into stool.

The endogenous stage takes place inside human

body. Human beings are infected when they ingest

the sporulated oocysts by swallowing contaminated

food or by drinking contaminated water. After

ingestion of oocysts, the sporozoites are liberated

from sporocysts and oocysts in the small intestine

due to special stimuli such as an anaerobic

environment in the presence of bile salts and

enzymes. These sporozoites invade the enterocytes

of jejunum and reside intracellular in the

parasitophorous vacuole at the luminal end of the

cells. The merogonic or schizogonic or asexual stage

involves the maturation and development of meronts

to reproduce and multiply in the infected cell or to

infect enterocyte. This allows the infection to spread

too many enterocyte, even if the host is not exposed

repeatedly to the organisms. The sporozoites change

into round shaped trophozoite and then increase in

number by mitosis (schizogony or merogony) to form

first generation meronts. These first generation

meronts invade new host cells and again increase in

number by mitosis forming second generation

meronts. The gametogonic or sexual stage involves

the maturation and development of sporozoites

enclosed in cysts or spores. The meront II penetrates

new enterocyte cells to form male and female

gametocytes (stimuli unknown). Among the second

generation meronts, some develop into microgamonts

while most  develop into  macrogamonts which further

give rise to macrogamete. Some microgametocytes

undergo multiple fission to form numerous

sperm-like ‘microgametes’. Mature microgametes exit

the microgametocyte and fertilize the macrogamete.

The zygote then changes into an unsporulated fertile

oocyst. As the infected enterocytes die, the oocysts

or spores are sloughed into the gut lumen along with

the host cells into the external environment with the

faeces39,40,44,45. Certain abnormal cases of the

persistence and further multiplication of the

reduction nuclei of the female element (i.e., the

nuclear portions given off during maturation);

followed by multiple fertilization have been

observed3.

Geographical Distribution and Prevalence

Cyclospora cayetanensis has now been identified

worldwide in the faeces of both immunocompetent

and immunocompromised patients with

diarrhoea15-20,47-50. The infection from international

travel related countries are Australia, Belgium, Czech

Republic, Germany, Greece, Ireland, Italy, Japan, The

Netherlands, Spain, Switzerland, the United

Kingdom, the United States where prevalence is

about more or equal to 4 percent of the returning

travelers with diarrhoea. The infected travellers were

found to be return from Haiti, Indonesia, Mexico,

Nepal, Puerto Rico, Morocco, Cambodia, Pakistan,

India and the Solomon Islands50-57. The endemic

areas are in Bangladesh, Brazil, Chile, China, Cuba,

Dominican Republic, Egypt, Guatemala, Haiti, India,

Indonesia, Jordan, Mexico, Morocco, Nepal, Nigeria,

Pakistan, Peru, Puerto Rico, Romania, Saudi Arabia,

Tanzania, Thailand, Turkey, Venezuela, Viet Nam, and

Zimbabwe. In these areas, the prevalence varies

significantly with season and year, 1-15 percent being
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the highest in spring and early summer. Children

accounts for 70-80 percent cases, asymptomatic rate

in adults (>10-20 years) is higher than in children

and infection rate in those with HIV is significantly

higher than overall prevalence50,52.

The prevalence of Cyclospora is different in different

countries. It is 1.8 percent-85.7 percent28-30,50, 58-66 in

Nepal, 5.3 percent-9.8 percent67,68 in Venezuela, 1.6

percent-18 percent22,23,69 in Peru, 2.5 percent-22.5

percent70-73 in Haiti, 0.9-3.8 percent74-76 in Guatemala,

1 percent77 in Tanzania, 2.2 percent78 in Thailand, 6.8

percent79 in Honduras, 3 percent80 in Cuba, 1.3

percent-5.6 percent81-83 in Egypt, 0.7 percent-3.3

percent84,85 in India, 3.7 percent86 in Ethiopia, 0.3

percent-50.0 percent20, 87-89 in the United States, 0.07

percent in the United Kingdom90, 6.4 percent  in

Indonesia91, 0.99 percent92 in Nigeria, 3 percent93 in

Mexico, 11 percent94 in Saudi Arabia, 6 percent95 in

Jordan, 2.3 percent96 in china, 1.1 percent97 in Albania.

Clinical Features

Evidence favouring a role for this organism as a

pathogen includes a significant association of

oocysts with clinical illness (in absence of other

known pathogens), clinical response to antimicrobial

therapy, and clearance of organisms coincident with

clinical resolution19,59,72,98.

The time between becoming infected and shedding

of oocysts through the faeces is about 7 days50. The

incubation period is about 1-11 days52 or 2 to 11

days (average 1 week89,99), but may be as short as 12

to 24 hours50 or12 hours to 11 days100.

Human cyclosporiasis is clinically indistinguishable,

however, from cryptosporidiosis, isosporiosis,

giardiasis and microsporidiosis because of the similar

clinical features. Flu like syndrome with myalgias and

arthralagias may precede the onset of diarrhoea99.

Unusual fever but when present it is low grade. In

the presence of moderate to severe dehydration,

compensatory tachycardia, systolic blood pressure

(SBP<90 mmHg) and decreased skin turgid may occur.

But mild infection produces few or no clinical

symptoms28-30,50,62,63,98. The frequency with which

asymptomatic infection is identified depends on the

sensitivity of the assay used to detect infection and

on the immunologic status of the patients studied.

The symptoms are: relapsing87,89,100,101-103, non

blooded87, watery20 and self limited diarrhoea with

duration of 4 weeks17,23,99,104-106 to 18 months19, 2 to 6

weeks107, 1-5 weeks20, 12 days to 8 weeks87, 94 days108,

about 28±8 and 37±12 days109, mean (±SD) 43 ±24

days19, more than 3 weeks89, 6-7 weeks or several

months52 , 6-8 weeks100, 3 days and many extended

periods110, several months to a year52,many extended

periods110, 6-60 days111, 6 weeks to 3 months112, 3-25

days23,98 in immunocompetent patients, but 3

months100 to more than 6 months50 in AIDS patients

and several days in protein energy malnourished

children82, e”1 month in Hepatitis B, cancer and

tuberculosis patients50. Other symptoms include

weight loss50,89,101, fatigue20,50,89, anorexia20,50,89,

flatulence101, abdominal discomfort50,101,103,

nausea50,101, fatigue50,102, fever50,103. Acute

diarrhoea50,77,113 is usually sudden in onset and

associated with frequent, watery, loose stool,

flatulence, and abdominal pain50,110. Symptoms

usually subside within 72 hours of onset. The onset

of illness may be abrupt (68%) or gradual (32%). After

a few days, acute symptoms subside and then may

recur (61% of cases) in a waxing-waning pattern89.

Chronic diarrhoea50,86, on the other hand, involves

frequent attacks over many extended periods110 and

is the symptom of immunodeficient patients50,114-116.

Weight loss, anorexia, and chronic weakness often

coincide50. Cyclosporiasis is not typically a fatal

disease. The only potential for a fatal outcome is

critical dehydration secondary to protracted

diarrhoea, particularly in children and HIV/AIDS

patients who have not had proper rehydration50.

Pathogenesis

The infection caused by Cyclospora cayetanensis

leads to watery diarrhoea with the absence of any

leucocytes or blood, indicating that probably the

diarrhoea may be due to some, as yet unidentified

toxin. Enterocytes are believed to be invaded by

sporozoites, causing release of cytokines from

epithelial cells117. Cytokines, in turn, activate and

recruit phagocytes from the blood. These

phagocytes release factors such as histamine,

prostaglandins, and platelet-aggregating factors that

increase intestinal secretion of chloride and water

and inhibit absorption118,119. Another mechanism of

enterocyte damage, besides direct damage caused

by the parasite, is inflammation; T cells, proteases,

and oxidants secreted from mast cells are responsible

for this process117.Consequently, erythema of the

distal duodenum has been observed during upper

endoscopic procedures120. Ultimately, marked

destruction of enterocytes causes nutrient

malabsorption and increased secretion of fluids and

electrolytes from the gut, resulting into secretory

and osmotic diarrhoea121.

Impaired D-xylose absorption has been

observed. This implies proximal small intestinal
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involvement19,120,122. Duodenal and jejunal biopsies

have shown blunting and atrophy of villi with crypt

hyperplasia. Villous crypt ratio becomes 0.6:1.5, while

its normal value is 3:1 to 4:1. There is mild to moderate

inflammation of lamina propria with increased number

of plasma cells120. There are focal vacuolation, loss

of brush border and change in epithelial cells from

columnar to cubical122. The changes occur in last

part of duodenum and jejunum and jejunal biopsy

shows an altered mucosal architecture with

shortening and widening of the intestinal villi due to

diffuse oedema and infiltration by a mixed

inflammatory cell infiltrate44. There is a reactive

hyperaemia with vascular dilation and congestion

of villous capillaries. Parasitophorous vacuoles,

located at the luminal end of the jejunal epithelium,

contain sexual and asexual forms of parasites

resulting into a supranuclear location within

enterocytes40,44,101. The inflammatory changes

associated with Cyclospora infection may persist

beyond parasite eradication111. Besides, there is mild

diffuse gastritis112 and increased excretion of faecal fat19,120.

The extra-intestinal complications of Cyclospora,

such as, biliary disease (cholangitis)108, Guillain-Barre

syndrome or acute febrile polyneuritis123, Reiter

syndrome [Reactive arthritis syndrome (RAS)]124,

acalculus cholecystitis125, pulmonary infection126 and

low haemoglobin concentration in the absence of

efficient immune system64 have been recorded in

some chronic cyclosporiasis patients.

Vector and Reservoir: There are no biologic vectors

though arthropods and rodents can act as mechanical

vectors or carriers of cyclosporiasis. Life cycle is

completed only in human body39,40. Human beings

are the only important reservoir hosts of Cyclospora

cayetanensis. There are no domestic animals to be

the reservoir host for Cyclospora127,128. The detection

of Cyclospora in the previous studies24-32 arises the

question whether these animals (duck, chicken, rat,

mice and monkey) may act as paratenic24 or reservoir

hosts. But we can’t predict them as reservoir hosts

because these studies are based on cross-sectional

description using microscopic method that may lead

to error and bias. Only one study31 confirmed

Cyclospora by molecular method, but it studied only

stool not the histological materials. The positivity

in these animals might be either due to

cross-contamination of human and animal stool

through rain water or sewage or the detected species

might be other species such as Hammondia heydorni

or Neospora caninum from dogs and Eimeria mitis

or Eimeria tenella or other Eimeria species from

chicken and ducks or they might be pseudoparasites.

The case may be mild, missed or severe. A case or

carrier is infectious as long as the parasites appear

in stool. Some untreated persons excrete oocysts

for >1 month after symptoms resolve19,129 or have

symptoms for several weeks longer than oocyst

excretion is documented98 and some diarrhoeal

children excrete for a mean of 22-23 days (range,

7-70)22.Among treated patients, excretion of oocysts

usually stops during therapy or by several days to 1

week after therapy59,91,130,131 . The carriers may be

temporary in immunocompetent hosts or chronic in

immunocompromised hosts50.

Infective material: Faeces, food and water

containing the sporulated oocysts of Cyclospora

cayetanensis are infective50,74,75. However, immediate

source of infection is the soil contaminated with

infective oocysts74,75.

Source of infection: The primary sources of infection

are faeces of cases or carriers; the secondary sources

are contaminated water, food, fingers, flies and milk

mixed with contaminated water.

Period of Infectivity: It remains as long as the person

harbours the parasites. The histological changes

occurred in enterocytes may remain after parasite

eradication111.

Infective Dose: Virulence and characteristics of

Cyclospora necessary to infect human hosts are

unknown. Differences in virulence characteristics of

Cyclospora cayetanensis isolates appear not to

have been a major factor in failing to establish

infection132.

Host Factors

Age and Sex: Although all age groups can acquire

the disease, the most vulnerable age group seems to

be less than 1 year to 15 years of children30,50,63,64

with the highest attack rates among children older

than 18 months59. The respective lowest and highest

Cyclospora infected patient was 12-day-infant and

87-year-old man63. No sexual predilection for

cyclosporiasis appears to exist.

Race: No racial predilection for this infection appears

to exist.

Socio-Economic Status: The low socio-economic

groups of people are more susceptible to Cyclospora

than the people of high socio-economic groups.

Occupation: People who work in various farming

practiced soil, municipality sewage and river water
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resources have a great risk of being infected by

Cyclospora. People with the occupation of sex work,

farming, kitchen activities, hospital works, and school

children are the vulnerable groups for Cyclospora50,63,64,76.

Immunology: Study of immune response to

Cyclospora has been hampered by the absence of

an animal model of this infection. Immunity may not

occur after infection108 however, some amount of

immunity may be present in adults who are exposed

to the infection as the infection is less prevalent in

adults living in endemic areas30,50,62-64. High oocysts

frequency case has been observed in the stool of

diarrhoeal persons63 and AIDS patients50. It suggests

that the infection with Cyclospora with increased

frequency and severity in diarrhoeal and AIDS

patients shows that immune mechanisms effectively

keep parasite numbers low in most normal

persons50,63. Re-infection can occur98,111,120, but

appears to become less common after repeated exposure.

Environmental factors: Cyclosporiasis appears to

be seasonal, with peak incident during the rainy

seasons from April to June in Peru22,98 and May to

September in Nepal28-30,60-63. The data so far suggest

that the seasonality of Cyclospora in Kathmandu

city is similar to that in Guatemala, at approximately

the same altitude (1200-1500 meter) above the sea

level98. This shows the environmental factors guide

Cyclospora appearance. As the unsporulated

oocysts require some days for sporulation outside

the human beings, the environment may trigger the

development process in the oocysts. Naturally

occurring Cyclospora oocysts may survive for

extended periods in the environment, given the

marked seasonality of infection in areas where the

disease is endemic133.

The most intriguing environmental issue is oocyst

sporulation time. The oocysts subjected to -20°C for

24 hours and exposure to 60°C for 1 hour cannot be

induced to sporulate. Oocyst storage at 4°C or 37°C

for 14 days retards sporulation134. Cyclospora

requires 1 to 2 weeks to completely sporulate and

become infectious under ambient conditions of 25°C

to 30°C23. So, direct person-to-person Cyclospora

transmission is unlikely. The prolonged sporulation

time would imply that oocysts favour a moist

environment, ideally water.

Mode of Transmission: Faecal-oral route is the usual

mode of transmission of Cyclospora73,74. Indirect

transmission is the usual mode of transmission and

it consists of 4F’s-”Flies, Fingers, Fomites and

Food”. Epidemiologic data indicate that the

human-associated Cyclospora is transmitted by

water and by food 98,135,136.

Waterborne Transmission: Anumber of waterborne

outbreaks of cyclosporiasis have been reported from

different regions. The Chicago outbreak was

apparently due to the drinking of water supplied from

a roof top reservoir129. There are other reports such

as in Chicago, where an 8-year-old child was found

to be infected with Cyclospora after swimming in

Lake Michigan51 and in Utah, a man passed oocysts

after cleaning his basement, which had been flooded

by sewage backup following heavy rains137. The

man’s house was located near a dairy farm and much

of the sewage backup was attributed to water runoff

from this site. Besides, consumption of well water

was implicated in the infection of Cyclospora in

Massachusetts87 and in Haiti70.

In Nepal, in the first outbreak in summer 1992,

expatriates, who were more likely to drink untreated

water or milk reconstituted with water, became ill with

diarrhoea and passed oocysts98. The second

waterborne disease outbreak occurred in 1994, 12 of

14 British soldiers and dependents stationed in a

small military base detachment in Pokhara, Nepal,

despite chlorination of the water involved. In this

outbreak, Cyclospora oocysts were demonstrated

for the first time in drinking water, which consisted

of a mixture of river and municipal water58.

Though not directly connected with water-associated

disease outbreaks, Cyclospora oocysts have been

isolated and confirmed from the sewage and

river28,30,62,63 and municipal pipe water63 in Nepal and

from wastewater in sewage lagoons adjacent to Lima,

Peru138.

Foodborne Transmission: It is sometimes referred

to as the “yuppie disease” due to outbreaks in the

United States from faecally-contaminated imported

raspberries. Foodborne transmission was suspected

when consumption of raw or undercooked meat and

poultry products was reported as part of case

histories before the infectious organism was

identified as Cyclospora12,15. Foodborne transmission

was first suggested in 1995 when the illness of an

airline pilot was associated with food prepared in a

Haitian kitchen and brought on board the airplane139.

Approximately 90 percent of cyclosporiasis cases in

the United States are thought to be food borne,

amounting to an estimated 14,638 cases each year140.

Raspberries from Guatemala, blackberries from

Guatemala or undetermined source, mesclun (young
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salad greens, such as spring mix, field greens, baby

greens, gourmet salad mix) from Peru or United States

and basil from Mexico or United States are

epidemiologically linked with Cyclospora outbreaks

in Canada and US and lettuce imported from Southern

France and Southern Italy in Germany and that of

watercress in Mexico52,141.

A number of food items, especially fresh fruits and

vegetables101 or dishes containing these items such

as raspberries142, strawberries, blackberries and

blueberries, mesclun lettuce and basil143, cabbage,

lettuce and mustard leaves28-30, radish, cauliflowers,

mustard leaves63 and 2 herbs (Huacatany and Yerba

buena) and many vegetables144 have been implicated

in spread of Cyclospora cayetanensis. The

vegetables and fruits are probably contaminated due

to either use of sewage for irrigation or use of

contaminated water for washing these items.

Washing vegetables does not completely remove

Cyclospora oocysts63,144. Experimental studies have

shown that oocysts may be concentrated in fresh

water clams144.

From 2002 to 2004, there were 31 Cyclospora positive

cases from a total of 10 outbreaks [3 school outbreaks,

4 school trips out breaks and 3 religious ceremony

outbreaks] in Kathmandu valley63. But this study

lacks epidemiologic surveillance study though it is

based on positive laboratory results on the basis of

direct wet mount, acid-fast staining, ocular micrometer

and bisporulation assay and is far from pseudoinfection.

Laboratory Diagnosis

Unstained Wet Mount Preparation: The oocysts are

excreted in low numbers from an infected patient.

So, identification of oocysts in concentrated stool

specimens require 3 or more stool specimens

collected 2 days apart. A single negative stool

specimen does not rule out the diagnosis. Cyclospora

cayetanensis can be detected by unstained (0.9%

w/v) normal saline or 2.5 percent (w/v) potassium

dichromate solution at X400 magnification.

Measurement of oocysts is necessary to differentiate

from the oocysts of Cryptosporidium (4-6 µm in

diameter), cysts of Entamoeba histolytica (10-15 µm

diameter), cysts of Entamoeba hartmanni (5-10 µm

diameter), cysts of Entamoeba histolytica (10-30 µm

diameter), cysts of Giardia lamblia (14 µm×7µm)

and oocysts of Isospora (20-33 µm×10-19 µm in size),

while Cyclospora oocysts are 8-10 µm in

diameter22,23. The modified Ziehl Neelsen technique

stains Cyclospora variably. In fresh faecal samples,

most of the oocysts show good staining, while in

older samples majority may be decolorized146. Recent

assessment of different procedures that included

routine trichrome147 modified trichrome148, Giemsa,

chromotrope, Gram-chromotrope, Kinyoun

acid-fast149, auramine-rhodamine150 and safranin

stains indicated that heating of faecal smears prior

to safranin-based staining yield a uniform, fast,

reliable and easy to perform procedure that was

superior to acid-fast staining95,151. Compared to Ziehl

Neelsen technique, sensitivity of different

procedures is: wet mount 75 percent, safranin 30

percent and auramine 23 percent95. Concentration

methods may enhance detection of low numbers of

oocysts. The methods used may be Sucrose

Centrifugal Flotation Method, Formalin-ethyl acetate

concentration 65,152. The wet mount technique, stool

staining and concentrations methods are usually

followed by bisporulation assay and ocular

micrometer for the confirm detection of Cyclospora

cayetanensis50,74,75,152.

Primary fluorescence of oocysts is a feature that

appears to   be unique to Cyclospora oocysts. It is

more sensitive than Ziehl-Neelsen staining150. The

method also allows the detection of oocysts even if

they are covered with faecal debris18,150. The colour

of the oocysts appear neon blue and green at the

excitation wavelength of 330-380 nm and 450-490 nm

fluorescent light respectively153. Although

monoclonal antibodies (immunological reagents) are

not yet commercially available154, epifluorescence

microscopy may still be used microscopy, however,

is often a tedious and time-consuming procedure,

potentially leading to analyst fatigue and

false-negative results. The estimated sensitivity of

acid-fast staining versus fluorescence microscopy

is 78 percent155.

Flow cytometry appears to be a useful alternative to

microscopy for the screening of large numbers of

stool specimens for Cyclospora oocysts, such as in

an outbreak situation156.

Distal duodenal biopsy and aspiration specimens

reveal acute and chronic inflammation, crypt

hyperplasia, epithelial disarray and partial villous

atrophy19,39,40,101,120,122. The morphology of

Cyclospora in the intestine is similar to that of

Isospora, but differs from Cryptosporidium. The

morphology of the oocysts of Cyclospora resembles

that of Cryptosporidium, but differs from that of

Isospora. Thus, a combined study of both   stool

and intestinal biopsy should readily distinguish

Cyclospora from Cryptosporidium and Isospora39.

Recent outbreaks157, as well as the finding of C.

cayetanensis on vegetables158 have stimulated
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interest in the development of molecular diagnostic

methods to detect this organism when recovered from

foods. Polymerase Chain Reaction (PCR) is the most

sensitive method of detection31,34,159-170. PCR has the

potential to be more sensitive than microscopy166,

but it cannot distinguish between sporulated and

unsporulated oocysts. Besides, it is expensive and

is rarely found in routine laboratory.

Treatment

The drug of choice is trimethoprim–sulfamethoxazole

(TMP-SMZ, bactrim, bactrim DS, septra, septra DS,

cotrim)59 with respective half lives 11 hours and 10

hours. Combination of these two antibiotics inhibits

two sequential steps in bacterial folate synthesis and

has a wide spectrum of this drug. It is usually

administered orally, but, can be administered

intravenously if the patient can’t tolerate per oral

medications because of nausea, vomiting or

underlying gastrointestinal problems. After oral

administration, TMP peaks by 2 hours and SMZ by

4 hours. Children should receive TMP 5 mg/Kg plus

SMZ 25 mg/Kg body weight twice a day for at least

7 days.  The adult dose is 160/800 mg PO bid for 7

days while in immunocompromised patients with

AIDS; the dose is 160/800 mg PO qid for 10 days. In

children less than 2 months, it is not administered

because side effects are anaemia, hypersensitivity

and hepatic damage171,172.

In immunocompromised patients, long-term

secondary prophylaxis is necessary to prevent

recurrence, which occurs in approximately 50 percent

of patients50,72,100,173. And an effective sulfa-free

alternative is needed for treatment and prevention

of cyclosporiasis.

Conclusion

Cyclospora cayetanensis is endemic but enigmatic

parasite in Nepal. There are four reasons why the

prevalence in Nepal is too high: An untrained

observer might confuse Cyclospora with Entamoeba

and Cryptosporidium, an acid-fast staining,

bisporulation assay and ocular micrometer are

ignored during stool examination, trimethoprim-

sulfamethoxazole prophylaxis is rarely used and

Cyclospora have an underlying high prevalence in

Nepalese people from the beginning years when a

large numbers of cases were observed20 and it is due

to due to poor socio-economic status and human

behavior50,63.

In 1995 and 1996, Sherchand and Cross has

extensively studied on Cyclospora among children

and presented in XIV international congress for

Tropical Medicine and Malaria174. The study was

extended by Cross and Sherchand in different areas

of Nepal175. From these times, this coccidian has been

regularly reported in well documented cases in

Nepal. Continuous diagnosis of Cyclospora in

immnocompetent and immunocompromised patients

and several green leafy vegetables and sewage, river

and municipal water in Nepal shows that this is

endemic country for Cyclospora cayetanensis.

The most importance gaining by Cyclospora in Nepal

is due to the rapidly growing HIV/AIDS cases and a

greatly high prevalence of this opportunistic

parasite50. There are also reports from animal faeces

on the basis of microscopic examination and PCR/

RFLP analysis but without tissue analysis. There is

no evidence of zoonotic transmission of human and

animal Cyclospora127,128. We can’t easily explain its

morphological, taxonomical and epidemiological

features due to many encumbrances that have leaded

them enigma. So, further study should be made by

collecting the histological materials of cyclosporiasis

animals from Kathmandu valley. Besides, there must

be proof of epidemiological outbreaks of Cyclospora

in Nepal during rainy season. Thus establishment of

a reliable pathology lab, training on outbreaks and

stool processing and examination and molecular

diagnostic tools and techniques in food, water and

animal faecal and histological materials are necessary

in Nepal.
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