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Cyclospora cayetanensis in Nepal: A Study of Microbiological and

Epidemiological Aspects
Sherchand J. B.* & John H. Cross®

Prior to 1995, the coccidian parasite Cyclospora cayeranensis was reporied as a
cause of gastroenteritis among children living in poor sanitary condition and
adults from industrialized countries who lived or traveled in developing
countries, In 1999 and 20(1 (Sherchand & Cross), Cyelospora infection in Nepal
was Jinked to the comsumption of undercooked, contaminated green leafy
vegetables and exposure to contaminated water. Some domestic animals were
also found passing of Cyclospora like oocyst. Although C. caveranensis is
reporied from all areas of the world, stifl the biology of the organism and the

The study aimed to extend our understanding of the Cyclosporiasis, and o assess
sisk factors for the disease as well as possibie sources of infections in Nepal.

The study were camried out hetween September 2002 to August 30, 20063 from
different areas of health care institutions and community vegetable farmers, as
weli as case controf study, to assess possible risk factors for the Cyclosporiasis
in Nepal. in addition, animals' specimen, water, vegetables and fruits were also
collscted and examined to determing the possible sources of infections. ...

A total of 2138 surveiliance specimens tested, 137 (6.4%) were positive for
Cyclospora with prevalence peaked in June 36/137 (26.3%). Infection was most
commeon in children 2-9 years of age. Among 176 vegetable farmers and family
members monitored from June 25 to August 30, 18 had Cyelospora infection. in
the case control anajysis, 6H95.3%) of 64 persons with Cyclospora infection
reported drinking unsafe water within 12 days before illness, compared with 64
{74.4%) of 86 controis [Odds ratio (OR) 7.0, at $5% confidence intervals (ChH).

The risk factors included water sources, type of sewage drainage, domestic
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the means of transmission remains an enigma.

Cyelospora cayetanensis, a coecidia parasite of
human pathogen™ causes explosive watery diarrhea
that can persists for several weeks™. The
mechanisms of transmission of Cyclospora have not
been determined, but 2 marked seasonality has been
observed in endemic areas around the world
including Nepal >¢

Although . cayetanensis is reported from ail areas
of the world, stiil the biology of the organism and

Susceptible humans are suspected to be infected by
ingesting sporulated oocysts. Water is probably an
important  vehicle, ecither drinking  parasite
contaminated water directly or indirectly when
water is used o grow plant foods. Water has besn
implicated in outbreaks in the United States, and in
Nepal®™®.  Food borme transmission is  also
suspected with reports of finding oocysts in
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washing of leafy vegetables in Pens’ and Nepal™™.
Patieats suffer from a chronic watery diarrhea,
fatigue, nausea, vomiting, abdominal cramps,
anorexia, weight loss and myalgia. However, it is
not knowe what is responsibie for the pathogenesis.

Our sfudy between 1995 and 2002 in Nepal, has
identified that the possible sources of infection with
Cwelospora is due to the consumption of raw or
undercooked, contaminated pgreen leafy vegetables
and exposure (o contaminated water. Some
domestic animails such as chicken, dog, menkey and
rais were also found passing of Cyclospora-iike
oocyst™®  To extent our knowledge of the
parasitosis the present studies were carried out from
September 2, 2002 o August 30, 2003 to determine
the prevalence of Cyolospora  infection from
different aress of heaith care institutions and
community vegetable farmers, as well as case
conirol study, to assess possible risk factors for the
Cyclosporiasis in Nepal, In  addition, animals'
specimen, water, vegetables and fruits were also
collected and examined to determine the possible
sources of infections,

Methods and Materials -
Surveillance Healthcare Institution

Four cuipatient clinics and hospitals of Kathmandu,
Kavre and Rupandehi districts were included for
this study. Stool specimens were collected from
those patients whose health care providers had
ordered stool for parasitic  investigation and
bacteriological examination. In each center, we
screened stool sample and the information was
recorded about age, sex, and current status of
diarrhea {defined as 3 or more loose or tiguid stocls
in 24 hours) or other gastrointestinal and other
clinical symptoms.

Vegetable Farmers Study

On the basis of verbal censent, 176 vegetable
farmers and their family members were inciuded in

the study between Jjune 25 to August 30, 2003,

Before collection of stool specimens, the aim of
study was described in detail to the participants.
Early moraing specimens were collected every
week and each time a participant reported clinical
symptoms  of  gastroenteritis  were  recorded.
Participants found 0 have Cyclospora infection
were treated with trimethoprism-sulfamethaxole and
they were monitored until their stool specimens
were negative. H the participants were infected with
helminthic parasites they were given a single dose
albendazole.

Case Control Study

From June 25 to August 30, 2003, we recruited
participants from health~care institution for the case
controf study. All persons with symptomatic
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Cyclospora  infection  detected  through  the

supveillance were sought in their homes; however,

some could not be located because of incorrect

addresses. The aim of the visit was 1o distribute

angibiotic treatment; af the same iime, we solicited

participation in the case-control study. We also

reguested stool specimens from family members of
case-patients.  For conirols, we included those

persons who had a stool specimen screened in the

surveillance health care institutions during the

period  in which we were enroliing  cases.

Participants were eligible to be controls if they
reported no gastrointestinal symptoms and had *
negative stool resulis.

A questionnaire was administered to focus on
potential risk factors for Cyelospora, including
drinking water source and handling, housechold
sapitation, presence of animals, socioeconomic
variables and consumption of vegetables and local
fruits.

Laboratory Methods

Stoo! specimens were processed by using a standard
formatin-cthy! acetate concemtration method and
examined by three methods: direct light-microscopy
examination, stool smear stained with modified
acid-fast stain and UV epifluorescence examination
of a wet mount. To confirm the identity of the
parasite as Cyclospora cayetanensis, the positive
samples were stored in 2.5% dichromate solution at
room temperature (22°C to 25°C) and were
examined at regular intervals over a 2-week period,
starting from the time the sample was collected. We
observed microscopically the charmacteristic of
sporulation from all positive samples.

Samples of Water and Green Leafy Vegetable

During sample collections in the different arcas,
samples from irrigation canal, sewage water, public
drinking water of different sources and green-leafy
vegetables were coliected to  determine  the
contamnination of Cyclospora ococyst and to
investigate the possible sources of infection. The
ieaves were washed in distilied water, the washings
and the samples of water were centrifuged and the
sediments were examined microscopically. The
excess amounts of sediments were resuspended in
2.5 % potassium  dichromate selution, and the
recovery of sporulation was noted.

Bacteriological Study

Additional  diagnostic  tests  for  bacterial
enteropathogens were performed in 152 patients
with diarrhea between 3-7 days and fever. Fresh
stool samples were cultured for Escherichia coll,
Shigella, Salmonella species and Vibrio cholerae,
by standard microbiclogical method as described
earfier’ and commercially available antisera.
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Results
Health Cares Institution Surveillance

A total of 2138 stool samples examined during a period between September 2, 2002 to August 30, 2003
from different areas of healthcare institution of Nepal. Qocysts of Cyelospora cayetanensis were found in
137 £6.4%) specimens, and the prevalence rate peaked in June 26.3% (Figure 1). In the winter season of
December, lanuary and February, Cyclospora infection was detected in less than 1% of specimens.
Cyclospora infection was more frequent among children and among persons with gastroenteritis (Table 1}

Figure 1: Surveillance of Cyclospora cayeanensis from four health institutions by months
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Age and Sex-wise Distributien of Cyclospora Infection

A totai of 2138 stool samples were collected from  Although we did not collect data concerning T8
974 males and 1164 females ranging in age fom 2 and HIV status, one ciinic submitted 42 specimens
years to 70 years of age {Table 1), Of the 137 fom HIV- infected patients, 6 (14.3%) were
positive patients, 59 (43.1%) were male and 78 positive for Cyclospora Among 68 TB infected
(56.5%) were female. patients 5 {7.3%) were Cyclospora positive.

Table 1: Prevalence of Cyclospora in specimens from outpatients attending four heslth care
institutions (September 2, 2002 to Auagust 36, 2003} :

Prevalence by age group Prevalence by symptoms
Age (yrs) nive/NS (%} ntve/NS (%) ntve/NS (%)
gastroenteritis no gastroenteritis

2-5 44/428 (10.3) 377305 (12.9) Ti23(5.7)
6-9 4£2/532 (1.9 31/411 (7.5} . THE21(9.1)
013 217490 (4.3) /325 (5.0) S/H65(3.0)
1417 Y402 (4.2} 12/306 (4.0} 5/96(5.2)
>18 12/286 (4.5} H215(5.1) 2/712.8)

All ages 137/2138 (6.4} 107/1456 (1.3) 30/682(4.4)




Vegetable Farmers Cohort Study

The vegetable farm cohort study consisted of 176
farmers and family members who submitted stool
specimens from June 25 to August 30, 2003.
Eighteen (10.2%) were Cyclospora positive in
which § occurred in family members, ages 2 to 10
years; ali had diarthea and gastroenteritis. Three
farmers were asymptomatic and other 9 had
abdominal pain and discomfort where as one farmer
had biood i his stoot.

Other common intestinal parasites were found in
these farmers and their family members; 41.5%
were positive for Hookworm, 35% for Ascaris
lumbricoides, $5% for Trichuris trichiura, 40% for
Giardia lamblia, 12.6% for Enxtamoeba histolytica,
1.5% for Cryprosporidium. More thap 40% had
nonpathogenic protozoa such as Emtamocba coli,
fodamoeba butschiii. No organisms were detected
in only 8% of the sampies. Of the 18 Cyclospora-
positive stool samples, 32.5% were co-infected
with  Giardia; 5% were co-infected  with

Hymenolepis nana and 25% had more than one

parasitic co-infection.

Case-Control Study

During the case comtrol study Cyclospora

infections were examined among 64 cases who had
gustrointestinal symptoms and 86 controls who had
no gastrointestinal  symptoms and had negative
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stool results. Of 64 casés, 38 (59.3%) were between
the ages of 2-9 years and 31 (48.4%) were males.
Among 86 contols, 48 (55.8%) were 2-9 years of
age and 51 (59.3%) were male (P > 0.05).

In addition to sample collections from the case
control study, we screened stool specimens from
169 family members belonging to 52 families of
case patients. Of these, 38 persons from 34 famities
tested positive for Cyelospora. The detection rate
was highest among children 2 -0 9 years {21
{28.4%) of 74},

According to available data on characteristic of
illness in 64 patients in the case confrol study
(Table 3) the median duration of Hiness before
diagnosis was 12 days in those < 9 years of age and
10 days in those > 9 years of age. Young children
had a higher number of stools per day than older
patients and were significantly more likely to have
fever and mucoid stools. OF the 64 patients,
37(57.8%) compiained watery or liquid stools, but
only 5 (7.8%) reported normal (soft} defecation, Of
the 64 for whom information were available,
2142 2%) had been treated with an antibiotic, most
ofien  metronidazole,  cotrimoxazole,  anii-
helminthic drugs such as mebendazole or
albendazole and occasionailly herbal medicine,

before Cyclospora was diagnosed.

Table 2: Clinical characteristics of 64 persons with Cyclospora infection who participated in the case

control study
Characteristic of persons Age group of participants P value
2-9 years > 9 years {n=26)
(n=38) _

Bays of illness 12(3-65) 16 (2-75) >0.05
Stool per day 6{1-10} 4(1-15y > 0.05
Stool consistency N (%) N (%)
Liguid/ watéry 25(65.8) 12 (46.2)
Semisolid : 12(31.6) 10 (38.5)
Soft i(2.6) 4(154)
Blood in stool 1K29.9) 2(1.7) >0.05
Mucus in stool 28(13.1 8 {30.8) < (.003
Fever 25(65.8) T{21.0) <0005
Vomiting 15(39.5) 6{23.1)
Abdominal pain 12(31.6) 11{42.3)
Anorexia 923 T{27.0%
Headache 3(8.0} 5(19.)
Had any antibiotics 13(34.2) 14 (53.8)
Metronidazoie 8(21.05) 12 (46.1)
Cotrimoxazole IR0 5(19.2)
Anti-heiminthes 8(21.05) 12{46.2)
Herbai medicine 3(8.0) 6(23.1)




Risk Facters Associated with Cyclospora Infection

Risk factors associated with Cyolospora infection
from case controf analyzed data were related to
sources of water, sanitation, keeping domestic
arimals in the houschold (Table 3). Persons with
Cyclospora  infection were significantly more
likely than conirols io report having drunk
unireated water within the 12 days before ilness,
having obtained drinking water from a unsafe water
source or drunk water from a river or spring. In
addition, having a septic tank rather than municipal

sewage drainage and having had direct contact with

soif were associated with an increased risk for
infection. Persons with Cyclospora nfection were
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twice as likely as control to own dogs, chickens and
other animals such as cats and pigs were not
associated with increased risk for infection, We
asked about eating different fresh uncooked
produce in the 12 days before iliness, including
lettuce, carrot, cabbage, radishes, mint and bush-
berries (Aaiseiu), none was associated with an
elevated risk for Cyclospora infection. However,
examination of washed solution of green leafy
vegetables such as cabbage, lettuce, spinach and
mustard leaves found to be contaminated with
Cyclospora {Table 5).

Table }: Characteristic of risk factors associated with Cyclospora infection among 64 cases and 86

controls
Characteristic Proportion with OR
‘characteristic{n/ N (%)} (95% C1)
Cases Control
Usnsafe water source™ 16764 (25) 11/86(12.8) 2.1
Drank ustreated water** 61/64 (95.3) 64/86 (74.4) 7.0
Prank river or spring water 13/64 (20.3) 6/86 {7.0} 34
Contact with soi¥/ Seid 48/64 (75.00 52/86 (60.5) 1.9
Dogs 29/64 (45.3) 28/86 (32.6) 1.7
Chickens 37/64 (57.8) 42/86 {48.8) 14
Any animals in household 44/64 (68.7) 54/86 (62.8) 1.3
Uncooked vegetables 23/64 (36.0) 26/86 (30.2) 1.2
| = number expose individuals with specific risk factor
N = pumber of specimens .
* Unsafe water source: public standpipe, well, spring, water truck. Little safe water as municipal
water piped into house or commercial bottied water,
** Drank untreated water = not commercially bottled and had not been boiled, chlorinated, or filtered
before drinking.
Green onions 44/ 0 30/0 36/0
Examination of Cyclospora in Vegetables Radishes 42/ 41/0 42/ 0
Green vegetables collected from study areay and g;t-“ai}; 383%?) 2;{3 g;{g
focal vegetable markets consisted of cabbage, leaaj: 45/ O. 56/2(3.6) 430
lettyce, cauliflower, spinach, green  onions, 41/ 0
radishes, green leafy vegetables, mustard leaves
and carrot, in which cabbage, lettuce, spinach and - Nore:

mustard leaves were found 1o be contaminated with
Cyclospora {Table 4).  Cwelespora was further
confirmed by the development of 2 sporocysts,
afler 2 weeks incubation period in potassium
dichromate solution.

Table 4: Study on ococysts of CyclaSpo}a
contamination in vegetables (Months:

June to August 2003)
Samples June July August
N/ +ve Nitve Nitve
{%) {%) £%)
Cabbage 47726423 Vo 34/0
Lettuce 40/ 0 613 44/ 0
Caulifiower 21/ 0 {4.5) 41/ 0

N = Number of different vegetables samiples.
+ve =Positive for Cyclospora; (%) = Percenlages

Examination of Water Samples

Water samples were collected from different arcas
and studied for Cyelospora as shown in Table 5.
Cyclospora contamination was found in June, July
in irrigation canal and sewage water, Several other
parasites: Giardia lamblia, amoeba, unidentified
trophozoites, ova of dscaris lumbricoides, larvae of
hefminthes and many small insects and worms were
detected. In 3 sources of water samples (Pond,
sewage amd irrigation canal}y Cryptosporidium
parvum oocysts were also identified.




Table 5: Parasitological study of Cyclospora
frem different sources  of water
between June te August 2003

Sources of water  June July August
+ye/N (%} +velN (%) +ve/N (Yo}

Tap water 6/ 31 G/ 22 G/ 36
Tube-weil o 13 6/ 14 0/ 15
Pond G/ 18 0/ 16 015
Scwage AR 14421.4)y 12
irrigation canal IS F1L9.6y 0 i
River or spring 6/ 3 G/ 4 /4
water

Examianation of Stcol Samples from Different
Anpimals

Of sotal 504 different animal samples examined,
2.2% animals were found {o be positive for
Cyelospora  oocysts, Among  these animals, 3
chicken {4.29%), monkeys 3.7%), dogs {5.1%%) and rats
{2.9%) were found positive as depicted in Table 6.

Table 6: Cyclospora oocysts examination in
different animals (2003)

Animals No. Cyclospors
Examination positive
Chicken 72 3(42%)
Pigs 36 0
Monkey 35 2(5.7 %%}
Dogs 78 4451%;)
Cats 33 0
Cows 5t 0
Buffaloes 43 0
Goats 62 0
Rats 68 2{2.9 %)
Pigeons 32 0
Total 504 11 (2.2 %)

Bacterial Pathogens

A total of 152 samples from Cyclosporiasis

patients, Esch, coli {47%) followed by Shigella

species . 26%, Salmonella (32%), and  Vibrie

cholerae (5%) were found bacterial pathogens as

depicted in Figure 2.

Figure 2, Bacterial Pathogens in - Cyclosperiasis
Vikrio Patients
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Piscussion

Cyclospora cayetanensis is coccidian parasites that
infect humans and causes prolonged diarrhoea in
both immunocompetent and immunocompromised
hosts. The mechanisms of pathogenesis  and
vimlence factors of Cyelospora cayetamensis are
yet 10 be defined, but tissue damage and jujunitis
have been reported’. The present study advances
our knowledge of the epidemiology of Cyelospora
cayetanensis in Nepal where there are repeated
outbreaks of the emerging diseases associated with
gastroentesitis.  Although Cyclospora infection has
been reported from all parts of the world, most of
the epidemiclogical information comes from
studies in Nepal, Haiti, Peru and United States,
where it is  endemic"*™M2 Cydlesporiasis
appears to be seasonal, with peak incidence during
the rainy seascns from April to June in Peru and
May to September in Nepai"®®®  Although all
age proups can acquire the disease, the highest
attack rates ocour among children older than 18
months", where as in our study the highest attack
rates was found among chiidren age between 2 to 3
years. There is no apparent immunity fo infection,
and reinfection can occur at ali ages'™.

Cyclospora is an increasingly recognized cause of
traveler’s diarrhea, cansing up to 11 % 1o 26 % of
cases of diarrhes in studies of expatriates in
Nepal'™®, tn the United States, the outbreak of
diartheal disease associated with Cyclospora in 21
medical residents in 1990 was epidemiociogically
linked to a contaminated water supply'™'.
Subsequently, more than 1000 confirmed cases in
the US and Canada were reported'”. In this study
cocysts of Cyvclospora were found in irrigabion
canai and sewage water in June, July during the
occurs most commonly via contaminated water”™?
and the cocysts are resistant fo chiorination and not
readily detecied by methods that are currently used
to assure the safety of drinking water. Cyelospora
has been detected in water samples, however, the
available method for detection in water has very
low sensitivity'". Contaminated food has fong been
proposed as a possible route for transmission of
CycIospomm . Vegetables in  particular are
suspicious since they are oflen ingested raw or
undercocked. Vepetables are easily contaminated
and provide organisms  with  an optimal
environment for survival prior to host ingestion. It
is believed that Cwofespora must sporulate for at
least 7-10 days in the environment o be infectious.
Fertilization of plants with human waste or
indirectly via contaminated water used for crop
rigation and to freshen produce could lead to
contamination of vegetables with Cyclospara. In
this $tudy, cabbage, lettuce, spinach and mustard
leaves were found to be contaminated with
Cyclospora, which  confirned  that  food-borne




transmission is feasible. It stii remains 1o be
determined if recovered oocysts are infectious, The
source of vegetable contamination with oocysts is
stil unknown, but it may be due fo fecally
- contaminated water used on the vegetables from the
irrigation water or directly from food handlers.
Moreover, in Nepal, vegetables coming in the
markets are dipped and rinsed into highly
contaminated water of small ponds or rivers in
order to wash and clean i, but actually it becomes
10 contaminated once again, There are thousands of
such instances of how food is rendered unsafe due
to unhygienic conditions, handling and practices
and poor environment. In cities of Nepal, the water
supply is contaminated through seepage into water
pipes from sewage. In rural areas, the source of
water itself {weils, ponds, rivers etc) is polluted
frore the contact of waste disposal deposits. One of
the common food contamination problems is again
from insects and rodents and as a result food
becomes unfit for human consumgption,

Additional study from the same diarrhoeal samples
identifed other causative agents in the series: Esch,
Coli (47%) followed by Salmonella (22%), Shigella
species 26% and Vibrio cholerae {5%). Since these
pathegeric micro-organisms arc responsible for
gastroenteritis and a major kifler disease in Nepal®.
This preliminary study of bacterial pathogen in
relation to Cyclosporiasis patient need fusther work
to determine the severity of infection and to assess
mortality rate in the context of seasonal fatal
diarrheea in Nepal, Since annual death rate due to
gastroenteritis in Nepal is 3040 thousand™*, Now
it is necessary to know that among death due to
diarrhoea with variety of causative agents how
many of them are due to Cyclosporiasis.

Although one year of surveiilance is insufficient to
say with certainty what the pattern of Cyclospora
infections will be from year to year, the data so far
suggest that the seasonality of Cyclospora in
Kathmandu City is similar to that in Guatemala, at
approximately the same altitude {1200-1500m)

above sea fevel™™. 1n Nepal, the possible source of -

infection appears to be untreated water. That water
truly is an important vehicle for Cyclospora in
Nepal is underlined by the other water-refated
factors that were associated with infection, Our
resuits support the findings In other studies that
contaminated water is a likely source of
infection'’,  However, multiple routes of
transmission for Cyelospora in Nepal almost
certainly exist. Among very young children, soil
contact was a strong risk fzctor; an outbreak
investigation in the Guaternala {1999) also raised
the possibility that soil might be a potential source
of infective oocysts®™. Family members of patients
had a rate of infection similar {o that of persons in
the same age group screened in our surveillance
system ai the same time of year, a finding
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consistent with the postulated lack of direct person-
to-person transmission.

The fact that the presence of chickens or other
domestic animals was a significant risk factor is
intriguing but difficult to interpret. Scientists have
falled 10 establish experimental Cyelospora
infection in any bird; a limited survey of more than
160 birds captured in June/ July 2007 and 2002 in
Nepal did not demonsirate natural  infection,
ahthough other coccidian can be observed
Cyclospora is a pathogen commonly associated
with pediatric gastroenteritis in Nepal, especially
from June through August. The seasomality of
Cyclospora in Kathmandu follows a pattern similar
to that seen in Guatemala. Our study on case-
contral analysis suggests those contaminated water
and, for young children, soil, are likely vehicies of
transmission,

Although more studies are needed to clarify the
direct link between Cyelospora infection and these
sources, the results suggests that sewage waler
sources of infection in Nepal.

To obtain more evidence on the source of infection,
specimens  from  rodents, birds, insects and
domestic animals are need for extensive study,
Wider dissernination of skilled laboratory diagnosis
is a prereguisite for a better understanding of the
epidemiology of this infection and Hs association
with disease. In vitro cultivation system for drug
screening and controlied trials of drug therapy are
needed. Better knowledge of the behavior of
Cyclospora in AIDS patients along with other
coccidia,  Cryptosporidium, Isospora and
Toxoplasma need to be studied in the context of
Nepat,

In addition, more sensitive, inexpensive, refiable
diagnostic tools are wrgently needed to help

establish  how  fresh  produce  becomes
contaminated, :
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