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- The Seasonal Qutbreaks Of.....

The Seasonal Outbreaks of Cyclospora and Cryptospondmm

in Kathmandu, Nepal.
Ghimire TR®, Mishra PN®, Sherchand JB°

Cryprosporidium and Cyclospora are obligate, intraceliular, protozoan pathogens that cause
diarrhea in children, From 2002 to 2004, we conducted study of people in two hospitails, one
prwate ciinic, one community and vegetabtes in 4 markezs and water from different water sources

The study aim to determine the ;arevaience of and identify the seasonality of these two coceidian

A total of good stool samples between Janwary 2002 to December 2004 from different health care
centre and were examined using standard formalin ethy! acetate concentrated method as well as

Cyclospora was identified in 8.2 percent and Cryptosporidium  was in 11.3 percentof 900G stool
samples. In 2002, prevalence of Cyclospora in May, June, July, August, September and October
was 9.3 percent, 17.5 percent, 18.6 percent, 6.2 percent, 2.0 percent, 1.6 percent and prevalence of
Cryptosporidium was V1.5 percent, 7.8 percent, 7.1 percent, 9.0 percent, 9.2 percent and 4.2
percent In 2003, 0.6 percent, 1.8 percent, 35.2 percent, 9.7 percent, 7.6 percent, 7.5 percent,
respectively for Cyclospora and this prevalence was 19.2 percent, 15.3 percent, 1.9 percent,
11.6 percent, 12.6 percent and 30.8 percent respectively for Cryptosporidium, and in 2004 2.3
percent, 20.6 percent, 14.3 percent, 9.} percent, 0.5 percent and §.1 percent respectively for
Cyclospora, 8.4 percent, 7.9 percent, 9.8 percent, 15.7 percent, 13.3 percent and 13.0 percent

The detection of both parasites in water sources and in some vegetabies proves that water and food
are important vehicles for these coccidian mansmissions. The molecular studies for these two
parasites in waste water and different vegetables should be made in future for the confirmation of
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Cryptosporidium parvum and Cyclospora cavetanensis
are obligate, intracellular, coccidian protozoan
pathogens that cause prolonged diarrhea during
childhood'?, The same modified acid-fast and hot-
safranin staining technigues can be used to detect both
organisms’. Cryptosporidium is zoonotic*®, while
human isolates may not be capable of infecting non-
human primates®. Water has been implicated in
outbreaks of these both parasites™*>'*" in the majority
of countries, including developing regions, the lack of
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surveillance, and limited availability of appropriate
diagnostic tests have hindered public heaith efforts 1o
prevent and control outbreaks caused by these two
waterborne protozoan pathogens'’. Both show a high
rate of infection with a distinct seasonality in
developing countries™*'***. Both micro-organisms are
attracting more attention as important public health
hazards®'2. This study presents on seasonal outbreaks of
Cyelospora and Cryptosporidium  in vegetable markets,
water resources and diarrheal an non-diarrheal
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people of Kathmandu valley and ensures the endemicity
of the two pathogens.

Methods
Stoel sampling

The study was conducted from January 2002 to
December 2004 in Kathmandu valley, Nepal. A total of
9000 stools were collecied from health care units and
community: 5600 from Kanti Children’s hospital, 2000
from BSukrza Raj Tropical and Infectious Disease
Hospital, 1000 from private clinics and 1000 from
Kirtipur community. In each locality, we screened stool
samples and recorded about age, sex and current
diarrheal statws (defined as 3 or more loose o watery
stools i 24 hours) and other clinical symptoms.

Laboratery methods

Stool specimens were processed using a standard
formalin-ethyl acetate concentration method and
examined by two methods: direct light micrescopy and
stool smear stained with modified acid fast stain,
Measurements of oocysts were done with ocular
micrometer to distinguish the oocysis of Cyelospora
cayetanensis from the oocysts of Cryprosporidium
parvam and Isospora belli. All stool samples were
preserved in 2.5 percent potassium dichromate solution.
All the Cyclospora positive specimens were stored at an

ambient temperature (approximately 23 degree centigrade)

and were examined at regular intervals over a period of
2 weeks starting from the time of excretion’. We
categorized the number of parasites in each specimen;
“many” was eguivaient to 10 or more oocysts, “moderate”
to 3 10 9 oocysts and “few” to 2 or fewer oocysis per 10
oil immersion {1000 X) fields'®.

Samples of water and green leafy vegetables

From January 2002 to December 2004, samples of
water and green-leafy vegetables were collected every
month from various areas of Kathmandu valley to
determine the possible sources of infection. The leaves
of radishes, cauliflowers, green onions, cabbages,
mustard leaves and carrots were washed in distilled
water and the washings were kept in each test tube. We
sampled 30 washings of each vegetable from four
markets. Similarly, 100 water samples were taken in a
test tube from cach of sewage, pond, well, Bagmati and
Bishnumati rivers, and maunicipal taps in Kirtipur
community. Then the former washings and water of the
latter sources were centrifuged and the sediments were
examined microscopically. Then the recovery of
oocysts was noted again by bisporulation assay from
each microscopic positive sample of Cyclospora
cayetanensis.
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Statistical analyses

The resuits were analyzed by using the chi-square test
(i*-test) at less than 0.05 and 0.001 significant level so
that they were determined to have statistically
significant at these level

Results

Of the total 9000 stool samples examined ,from ali age
group of people , Cyelospora were dentified in 739(8.2%)
and Cryptosporidium  infection was in 1017(11.3%)
samples. The stools collected were from a 10-day infant
to 94-year old man. The lowest age of Cyclospora
infected infant was of 12 days and the age of
Cryprosporidium  infected infant was of 2 months,
while the highest age of Cyclospora infected person
was of 87 years and that of Cryptosporidium  was 64
of age.

Table 1 reveals that out of 6357 diarrheal patients,
Cyclospora and Cryptosporidium  were in 523(8.2%)
and 964(15.2%) patients respectively. Similarly, out of
total 2643 non-diartheal patients former ratios were in
216(8.2%) and 53(2.00%) respectively. Both diarheal
{16.0%, 193 out of 1265) and non-diarrheal (24.6%, 79
out of 321) children showed the highest prevalence rate
of Cyclospora in 1 to 4 years age groups. Presence of
Cryptosporidium  was highest (20.6%, 517 out of 251 1)
in 5-9 years age grouped deartheal children and (34.9%,
29 out of 83) children in less than ! year aged non-
dearrheal children.

Presence of Cyclospora with the age groups of diarrheal
and non-dearrheal people was statistically significant
(=627, p< 0.001). Presence of Cryptosporidium
with the age pgroups of diarrheal and non-dearrheal
patients was statistically significant (y2= 35024,
p<0.001). Similarly, presence of Cyclospora and
Cryptosporidium  in these patients was significant ('~
675.3, p< 0.001).

In this study, Cyclospora infection was found highest in
the 1-4 years of age groups (17.8%, 272 cut of 1526
children), where as in the age groups i0-15 years,
Cryptosporidium  infection was the highest (16.4%,
201 out of 1228 children).

Prevalence of Cyclospora and Cryptosporidium  in
acute diarrhea was 19.8percent (149 out of 753 people)
and 80.2 percent (604 out of 753 people) respectively.
And in chronic diarthea, it was 51.0percent (374 out of
734 people) and 49.0 percent ( 360 out of 734 people)
respectively. Presence of these both parasites in acute
and chronic diarrheal patients was  statisticaily
significant (x*= 158.3, p< 0.001).
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Presence of Cyclospora oocysts in the frequency of
“many”, “moderate”, and “few” in the prevaience of
59.7 percent, 36.1 percent, and 4.2 percent in the
diartheal stools and 3.2 percent, 15.3 percent and 81.5
percent in the non-diarrheal stools were observed
respectively. Frequency was significantly associated
with presence of Cyclaspora in diartheal and non-
diarrheal stools (x™=475.5, p< 0.001). Similarly,
presence of Cryptosporidium oocysts in the former ratio
of 783 percent, 13.6 percent and 6.1 percent in
diarrheal stools and 3.8 percent, 3.8 percent and 92.5
percent in  non-diarrheal stools were observed
respectively. Frequency was significantly associated
with presence of Crygosporidium in diarrheal and
non-diarrheal stools (y=395.4, p< 0.001). Presence of
the both Cyclospora and Cryptosporidium in diartheal
and non-diarrheal stools was significant with number of
oocysts (X=1076.59, p< 0.001).

In 2002, prevalence of Cyclospora in May, June, July,
August, September and Qctober was 9.3 percent, 17.5
percent, 18.6 percent, 6.2 percent, 2.6 percent, 1.6
percent and no positive sample was detected in
February, March, Aprit and this result was statistically
signiﬁcant{xzmsn.l&, p<0.601}. Similarly, in 2002, the
prevalence of Cryptosporidium, in these months, was
17.5 percent, 7.8 perceat, 7.1 percent, 9.0 percent, 9.2
percent and 4.2 percent respectively and during this
year, positive samples were detected more or less
frequently with statistically significant (x™= 150.8, p<
0.001).  Similarly, Month-wise prevalence of
Cyclospora and Cryptosporidium — was statisticatly
significant in 2002(y*= 81,71, p< 0.001),

In 2003, the prevalence of Cyclospora, in the above
months, was 0.6 percent, 1.8 percent, 35.2 percent, 9.7
percent, 7.6 percent, 7.5 percent, respectively with
absence in January and # was statistically significant
(*=1144.0, p< 0.001). In this year, the prevalence of
Cryptosporidium was 192 percent, 15.3 percent, 1.9
percent, 11.6 percent, 12.6 percent and 30.8 percent
respectively with more or less frequent during all
months of the year. It was statistically significant {x%—w
223.7, p< 9.001). Month-wise prevalence of Cyclospora
and Crypfosporidinm infection was statistically significant
in 2003 (*+224.0, p< 0.001),

Iz 2004, the prevalence of Cyclospora, in the above
months, was 2.3 percent, 20.6 percent, 14.3 percent, 9.1
percent, .3 percent and 6.1 percent respectively with
the absence in February, March and April and it was
statistically significant (*=606.1, p<0.001). In this
year, the prevalence of Cryplosporidium  obtained was
8.4 percent, 7.9 percent, 9.8 percent, 15.7 percent, 13.3
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statistically significant (x’=289.5, p<0.001). Month-
wise prevalence of Cyclospora and Cryprosporidium
was statistically significant (;’=143.6, p<0.001).

The year-wise prevalence of Cyclospora and
Cryptosporidium  was 8.2 percent {211 out of 2573)
and 7.7 percent (199 out of 2573} in 2002, 9.8 percent
(304 out of 3115) and 14.7 percent (458 out of 3115)
in 2003 and 6.8 percent {224 out of 3312) and 109
percent (360 out of 3312) in 2004 respectively.

Only during the months of June and September of 2002,
2003 and 2004, the Cyclospora and Cryptosporidium
were detected in 33percent (I out of 30) and 16.7
percent (5 out of 30) in washings of radishes, 3.3
percent of {1 out of 30} and 0.0 percent (0 out of 30) in
washings of cauliflower and 10.0 percent (3 out of 30)
13.3 percent (4 out of 30} in washings of cabbage, 6.7
percent (2 out of 30) and 3.3 percent {1 out of 30} in
washings of mustard leaves respectively with the
frequency of oocysts in “few” category. The presence
of Cyclaspora in different wvegetables was not
significant  (x*=2.0, p>0.05) whereas, that of
Cryptosporidium was significant (y’=11.0, p<0.05). The
total prevalence of Cyclospora and Cryptosporidium
was 5.3 percent (B out of 150 vegeiables) and 6.7
percent (10 out of 150 vegetables) respectively with no
significant difference (*=4.97, p> 0.05).

The prevalence of Cyclospora and Cryptosporidium
was 4.0 percent (4 out of 108) and 13.6 percent (13 out
of 100} in sewage water, 2.0 percent {2 out of 100) and

5.0 percent (9 out of 100} in river water, and O percent

{0 out of 100) in pond water, 0 percent (0 out of 100) in
well water and 1.0 percent (1 out of 100) and 0.0
percent {6 out of 100) in municipal water supplies
respectively from May to September of 2002, 2003 and
2004 with statisticaily no significant (°=1.8, p> 0.05),

Hence the total prevalence of Cyelospora and
Cryptosporidium in different water sources was 1.4
percent (7 out of 500) and 4.4 percent (22 out of 500)

- respectively. There was statistically no significant of

percent and 13.0 percent respectively with the more or .

less prevalence during all months of the year. It was

4

water sources (x=2.0, p>0.05) with Cyclospora but,

was statistically significant of water sources (¥*=12.1,
p< 0.05) with Cryprosporidium.

From January 2002 to December 2004, we followed 31
Cyclospora’  infected  diarrheal  cases and 17
Cryprosporidium infected diarrheal cases each months.

Out of 31 cases, there were ten nursery outbreaks
reported; 3 school outbreaks {16 positive cases), 4
school trip outbreaks (8 positive cases) and 3 religious
ceremony outbreaks {7 positive cases). Out of 17 cases,
we reported eight nursery outbreaks; 2 school outbreaks
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(6 positive cases), | school function outbréak  to September of study years and the pathogens were
(2 positive cases) and 5 refigious ceremony outbreaks  found soieiy wtth “miany” category
{% positive cases). Both of these results were from May

TABLE ¥: Age-wise prevalence of Cyc!aspam cayetanensis and Cryptosporidium in nin.e thousand
peopie, in Kathmanda valley, Nepal, from January 2002 to December 2(}04 A

AGE

(yrs.) Cyciaspora Cryptosporidivm -
With diarrhea Without diarrhea - With diarrhea ._W:t.hout diarrhea

<] 47221 1.8 7183 8.4 - ¥71221 7.7 29/83 349
-4 193/1205 160 79/321 - 24.6 20171205 6.7 i0/321 31
59 2792511 1Ll 58/948 6.1 51772511 20.6 6/948 0.6
10-15 35/1619 34 431209 20.6 - 1981019 i9.4 37209 1.4
16-29 3/875 0.3 15/754 20 21875 0.2 1754 0.4
30-39 4/156 2.6 4/228 L8 - /156 i8 - 1228 G.4
40-49 1161 0.6 3736 8.3 3/161 1.9 1/36 28
>50 47209 19 7/64 108 251209 12.0 2/64 31

All Ages  523/6357 82 216/2643 8.2 964/6357 152 53/2643 20

*Vatues are the number positive/number tested (% positive).

"p< 0.001 (Chi-square test) for the comparison of prﬁ:valénce of Cyelospora capetanensis among those with and without
diarrhea,

' p< 0.001 (Chi-square test) for the comparison of prevalence of Cryplosporidium among those with and without diarrhea,

Figure 1: Prevaience of C)wlospam and C;yptosporidium in 25373 people of Kathmandu valley, Nepal from
January 2002 To December 2002.”
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“This resuit was statistically significant (£*=532.6, p<0.001).
*“This result was statistically significant (*= 150.8, p< 0.001).
""Month-wise prevalence of Cyclaspara and Cryplosporidium was statistically significant in 2002 (= 81.71, p< 0.001).
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Figure 2: prevalence of Cyc[ospa{a' and Cryptosporidium™ in 3115 peopie of Kathmandu valley, Nepa! from
2003 January to December 2003, ™" .
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"It was statisticaily significant {x*~1144.0, p< 0.001)
"1t was statisticaily significant (= 223.7, p< 0.001).

"Month-wise prevatence of Cyclospora and Cryptosporidium  infection was statistically significant in 2003 ((=224.0,
p< 0.001).

Figure 3: Prevalence of Cyclospora’ and Cryptesporidium™" in 3312 people of Kathmandu valley, Nepal from

-

January 2004 to December 2004 .
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Biscussion

This is the first study to show the upgrade of
epidemiologic refationship between Cyclospora and
Cryptosporidium  in Nepal though a similar study had
been already conducted in Guatemala'®,

In the present study, the prevalence of Cyclospora 8.2.
percent is lower than that reported in previous studies in
Nepal'™™® and approximately similar to the results of |
. The lower prevalence of Cyclospora |

other studies'™?'

in our study might be due to either we had not
performed molecular study or some of the patients were
from community during all months of the year. -

The prevalence rate 11.3 percent of Cryptosporidium
in the present study was similar to that of other studies
from Cuba®, Ethiopia® and developing countries in
Asia, Africa, and Latin America excluding outbreak
investigation®®™_ This result is lower than that
reported from Nepal®” and India® which might be due
to the methodological difference. This result is much
higher than that reported from Jordan®, Thailand® and
Guatemala'® It might be due to zoonotic infection™®
because Nepal is an agricultural couniry and the
patients examined in this study might have a high
contact with carriers of C. parvism such as caitle which
is more common in this region {Kirtipur community).

Table! shows that Cryptosporidium, in common with
enteric pathogens such as rotavirus™, affects children
most in the first 2 years of life. Cryptosporidium  is

easily spread person-to-person among infants and |
young children in crowed home or day-care-
environments’’, But direct person-to-person spread of

Cyclospora is unlikely. Infants have lower risk o_f
gxposure to contaminated water and food than older
children or they obtain passive immunity coming from

breast milk. They are also less likely to eat fresh, raw
produce that may be a source of sporulated Cyclospora

oocysts’”. These - views support the presence of
Cyclospora more frequently among somewhat-older
children and that of Cryprosporidium  in infangs and

children most in the first 2 vears of life. However, the’

Cyclospora infection in a {2-day infant in this study
might be explained on the basis of poor health, less
infant care, low nputritional valne and low socio-
economic status of the Nepalese infants.

in the diarrheal stool examination, the frequency of
“oocysts” of both Cyclospora and Cryptosporidium
are in “many” category, whereas in the non-diarrheal
stools, ococysts of the former parasites are in few
category. It suggests that the infection with these both
parasites with increased frequency and severity in
diarhheal patients shows that immune mechanisms
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effectively keep parasite numbers low in most normal
persons. Human studies indicate that intestinal
antibodies can reduce parasite numbers™ %373 The
high prevalence of the Cyclospora and
Cryptosporidium  infections in the infants, young
children and adults of >50 years of age groups of an
endemic area’'™'® like Kathmandu valley suggests the
possible presence of protective immunity
immunocompetent-persons .

In this study, a stronger association of Cryptosporidium
with diarrheal illness was found as that of other
studies™!, However, chronicity of diarrhea is the
symptom found in Cyclospora infection than that of
Cryptosporidim. Presence of both organisms in non-
diarrheal stools suggests that both of these commonly
cause infection in the absence of diarrhea®™***,

Cyclosporiasis appears to be seasonal with the peak
incidénce during the rainy seasons from April to June in
Peru and May to September in Nepai™'"*** The data
so far suggest that the seasonality of Cyclospora in
Kathmandu city is similar to that in Guatemala, at
approximately the same altitude (1200-130C meter)
above the sea level™”, Simiiar resuits of seasonality can

. be seen in the figure 1, 2 and 3 that show the

aggregation of the both parasif_es during May to
September, the rainy season of Nepal.

Cryptosporidiosis is more commonly seen during the
warm fainy season, which probably reflects the
increased oocysts contamination of surface aad
domestic water supplies and heavy seasonal rains™*
and high prevalence rates similar to our study during
the wet seasons were 33-43 percent in the United
States™, 11 percent in Mexico City®, 2-22 percent. in
England and Wales®’. A few per cent of infection in
cold climates might be explained on the basis of high
levels of cryptosporidiosis, 33 percent, in the dry season

in Lima, Peru®® 22-27 percent, in the United States®

and 8.3percent in Guatemala city® and spring and
anfufnn peaks™™* which support the present study.
This might be related 1o excretion patierns in animals
such as cattie and sheep and possibly to farming
practices such as sluddge sgreading as cryptosporidiosis
is a zoonotic infection "%,

Though both parasites showed purely seasonal in the
present study, a few percent of persons showed
infection in the cold climates. This might be due to
either irregular visit of some untreated chronic
parasitosis patients suffered from protracted diarrhes to
test the stool or usual contact with infected animals for
Cryptosporidiosis.
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In the present study, detection of Cyclospora in the
sewage, river and municipal water proves that water is
an important vehicle for Cyclospora transmission. The
water and sewage contaminated with Cyclospora have
previously been identified as risk factors for infection in
muttiple countries in both outbreak and non-outbreak
situation” "% One of the most important river and
sewage pollution is from the contact of waste disposal
deposits in Nepal™. The presence of in municipal water
might be due to broken and unscientific water pipe. In
Kathmandu, municipal water supply is contaminated
through seepage of water from sewage water' .

The epidemiology of czypzosporidiosis is complex, due
to the existence of maultipie transmission routes,
including anthroponotic and zoonotic transmission, as
well as waterborne and food borne transmission®.
Quibreaks due to waterbomme infection have been
confirmed™®', The presence of Cruptosporidium
oocysis in the present study suggests that we can’t rule
out the waterbome infection of cryptosporidiosis in
Nepal.

Comtaminated food has long been proposed as a
possible route for transmissions of Cyclospora™®,
Vegetables are suspicious since they are often zagested
raw or undercooked. They are easily contaminated and
provide organism with an opiimal environment for
survivai prior to host ingestion. In Nepal, one can see
the fecal disposing people, especially by the chiidren,
near the road side or along river side at night time.
Similarly people release catile freely in these areas.
These may contaminate the river water and sewage. In
rainy season, the seepage of water from these sources
may contaminate vegetables either when they are freely
kept in soil for selling or when they are in the fields
before just before harvesting. Besides, Fertilization of
plants with human waste or indirectly via indirectly via
contaminated ‘water used for crop irrigation and to
freshen produce could lead to conmtamination of
vegetables with Cyclospora and  Cryptosporidium,
Vegetables in the markets are dipped and rinsed into
highly contaminated water of small ponds or rivers in
order to wash and clean it but washing vegetabies does
ot compietety remove Cryptosporidium and Cyclospora
oocysts™. A common source of infection appears to be
contaminated water™ and transmission rates seem.to
peak between April and September™®. That is why
waterborne and foodbomne transmission may cause
outbreaks of Cyclospora and Crypfospar:dmm mostly
in rainy season in Nepal.

The constant presence of Cyclospora and
Cryptosporidium i Nepai might be explained on the
basis of the following points: a) It is likely that these

L Griffiths
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are under-diagnosed because clinicians fail {o consider
the diagnosis in patients with diarrheal disease
{particularly immunocompetent adults and children). As
result clinicians do not request stool analysis for these
parasites, a test not normally included in routine stool
analysis®. b) Acid-fast staining and ocular-micrometer
are not used to diagnose these parasites. ¢) People do
not normally use medicines for both of these parasites,
d} Both of these are fecalborne, waterborne, foodborne,
soilborne and Cryptosporidium  alone is zoonotic and
these means are easily created in Nepalese environments.

Détailed histopathological and electron microscopical
studies on biopsy materials should be done to
understand the life cycle of these both parasites.
Similarty, molecular studies should be introduced to
confirm these coccidia in waste water and market
vegetables so that the food bome or waterborne and
seasonal cutbreaks of cyelosporiasis and cryptosporigdiosis
can be easily confirmed in enderic area like Nepal.
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