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Abstract

A total of 340 stool sampleswere processed and studied from both sexesincluding all ages of patients. Association of
enteropathogens between male and female was not statistically significant. Incidence of diarrhoea (28.23%) as well
as preval ence of enteropathogens (34.31%) was found highest in the age group (20-30) years. The highest prevalence
of enteropathogens (44.87%) was found in August. Of the total isolated enteropathogens, Vibrio cholerae O1 was
observed in 51.96% followed by Shigella (18.6%) and Salmonella (8.82%) and parasites were also detected from
20.58% samples. All isolated V. cholerae O1 were El Tor, Inaba. Among Shigella, majority of isolateswere S flexneri.
Among Salmonella, S typhi, S typhimuriumand Salmonella spp. (polyvalent A-S positive) wereidentified. Entamoeba
histolytica, Girdia lamblia, Ascarislumbricoides and Trichuristrichiura wereisolated among parasites. All isolated
(100%) V. cholerae O1 were resistant to nalidixic acid and cotrimoxazole, whereas 68%; 63%; 53%; 37% and 11%
Shigellawereresistant to nalidixic acid, ampicillin, cotrimoxazol, mecillinam and ciprofloxacin respectively. Similarly,
55.5%; 44.4% and 11.1% Salmonella were resistant to nalidixic acid; ampicillin and cotrimoxazol e respectively. All
V. cholerae strains, 10 strains of Shigella and 2 strains of Salmonella were found multi drug resistant (MDR). The
clinical history of the positive cases reveal ed that abdominal pain, fever, vomiting, dehydration and nausea were the
symptoms of enteric infection.
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I ntroduction

Severe occurrence of acute diarrhoea constitutes one of
the commonest challengesfaced by themedical personnel
and emergency treatment with special concern in the

diarrhoea especially in certain areas of the globe.
Intestinal worms infect about 10% of the population
of the developing world (WHO 2004).

developing world and mild nuisance in the developed Low socioeconomic status, illiteracy, poor
world. Diarrhoeal episodes occur throughout the year standard of environmental hygiene, inaccessibility of
with epidemicsin rainy season (Shrestha 1994). safe drinking water, incorrect feeding practice,

inadequate  sanitation, infections  and
immunodeficiency are the predisposing factors for
diarrhoea. According to WHO, around 4 billion cases
of diarrhoea are recorded each year, leading to 2.2
million deaths, mostly among children under the age
of five (15% of al child deaths). The main cause of
death from diarrhoea is dehydration, dysentery and

Diarrhoea is a clinical syndrome of diverse
aetiology, in which the sufferer has frequent and watery
bowel movements. This condition can be a symptom of
injury, disease or foodborne illness and is usually
accompanied by abdominal pain and often nausea and
vomiting. Diarrhoearemoves essential body fluids, salts

and vital nutrients, which arenecessary for life producing malnutrition and other infections (WHO 1992).

dehydration and malnutrition. If more than 10% of the In Nepal diarrhoeal disease is considered as one
body’s fluid is lost death occurs. The most common of the commonest health problems and cause of
enteropathogens found in all countries are rotavirus, morbidity and mortality. Outbreaks of diarrhoeal
enterotoxigenic Escherichia coli, Vibrio species, diseases are mostly reported from April to September
Salmonella species, Shigella speciesand Campyl obacter each year. In Nepal, owing to the low socioeconomic
(Sunoto 1982). Similarly, adenovirus; parasites like status and poor hygienic condition of the people,
Cryptosporidium, Entamoeba and Giardia have also intestinal parasitic and bacterial infections constitute
been shown to play a role in the epidemiology of an important cause of morbidity and mortality
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(Sherchand et al. 1996). The casefatality ratein Nepal
from diarrhoeais highest (2%) in the age group of 1-4
and islowest (1%) among theinfants (Bistaet al. 1993).
Improvement and control of environmental and
behavioral facts may drastically reduce prevalence and
impact of diseases.

Antibiotic therapy is not required in most acute
diarrhoeal disorders (Wolf & Giannella1993). Inthese
yearsmany bacterial strainsarefound to be resistant to
antibiotics which reflect the widespread misuse of
antidiarrhoeal drugs. Each time the antibiotics are
administered, the normal flora is also exposed.
Sometimes they may also exhibit resistance to several
antibiotics. In developing country like Nepal, the
problem of misuse of drugs is very common either in
the form of incomplete dosages, unnecessary usage or
use of antibiotics as growth promoters in veterinary
medicine.

Materialsand Methods

All the laboratory works were conducted at the
bacteriology section of National Public Health
Laboratory, Teku from March to September 2005.
During this period a total of 340 stool samples from
diarrhoeal patients were collected and processed
according to the standard |aboratory methods.

Each patient suffering from diarrhoeawasdirectly
interviewed for his or her clinical history during
sample collection. The stool sample requested for
culture were collected in sterile clean container
having tight fitting and leak proof lid. Fresh stool
specimens were first examined macroscopically.
Microscopic examination was conducted to know the
presence of parasites. The stool samples from
suspected chol era patients were subjected to hanging
drop preparation. To detect the parasites, saline wet
mount and iodine wet mount methods were
performed.

Isolation and identification of bacterial
pathogens

Vibrio cholerae

Culture of specimens

One milliliter of fresh stool sample was inoculated in
10 ml alkaline peptone water (APW) for enrichment.
Heavy inoculums of stool wereinoculated on the plate
of thiosulphate citrate bile salt sucrose (TCBS) medium.
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After incubation for about 5 hours, a loopful sample
from APW was a so inoculated in second plate of TCBS
and incubated aerobically at 37° C for 24 hours. After
incubation, the culture plates were observed for growth
of sucrose fermenting yellow, 2-3 mm in diameter,
button shaped colonies. Theisolated yellow colony was
subcultured on NA plate and incubated for 24 hours at
37° C. Further identification was done by NA plate
culture.

Gram stain, different biochemical tests (oxidase
test, catalase test, indole test, methyl red test, voges-
proskaur test, citrate utilization test, oxidative-
fermentative test, sulphide, indole and motility test,
triple sugar iron test, urea hydrolysis test, salt
concentration tolerance test, string test); serotyping (by
slide agglutination) and biotyping of Vibrio cholerae
01 (Haemagglutination of Chick RBC, haemolysis of
sheep RBC, susceptibility to polymyxin B, VPReaction)
were done for identification.

For Salmonella and Shigella species
Culture of specimens

A large loopful of faeces was inoculated onto
Salmonella-Shigella (SS) agar and MacConkey agar
(MA) spreading an area one-fifth of the whole plate
and several loopfulsinto Selenite F (SF) broth. Theloop
wasflamed, cooled and spreaded the primary inoculum
on the remainder of the plate by semi-quantitative
method. The plates and enrichment broth wereincubated
for 24 hours at 37°C temperature.

A loopful of suspension from SF broth was sub-
cultured onto SS agar and incubated for 24 hours at
37°C. Each pale non lactose fermenting i sol ated col ony
on primary SSagar and MA aswell as sub-cultured SS
agar plate was observed for regal characteristics and
subcultured on NA. The NA platewasincubated at 37°C
for 24 hours. From the NA plate further Gram staining,
biochemical tests and serological testswere performed
for the identification.

Gram stain; different biochemical tests (Oxidase
test, Catalase test, Indole test, Methyl Red test, Voges-
Proskaur test, Citrate Utilization test, Oxidative-

Fermentative test, Sulphide, Indole and Matility test,
Triple Sugar Irontest, UreaHydrolysistest); serotyping
( by dlide agglutination) were done for identification.
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Antimicrobial susceptibility test

Isolated colony of organisms was transferred to a test
tube containing 4-5 ml nutrient broth and incubated at
37°Cfor 4 hours. After 4 hours, the tube was matched
to the 0.5 McFarland turbidity standard, it was then
swabbed on Mueller-Hinton Agar plate with the help of
sterile cotton swab and left for 15 minutes at room
temperaturefor drying. With the help of flamed forceps,
selected antibiotic discs were then placed on the
inoculated plate, no closer than 15 mm from the edge
of the plate and 25 mm apart from each other. Then the
plate was allowed for 30 minutes at room temperature
for diffusion and incubated at 37°C for 24 hours. After
incubation, the zone of inhibition of test organism was
measured and observed into sensitive, intermediate, and
resistant categoriesby referringin aninterpretative chart
table supplied by the disc manufacturers.

Results

Out of 340 patients, 282 (82.94%) werefrom Shukraraj
Tropical Hospital and 58 (17.05%) were from different
localities of Kathmandu valley attending NPHL by
requesting stool culture. Of the total patients, 58.52%
weremalesand 41.47% werefemales. Ninty six patients
belonged to the age group of 21-30 years.

Out of 102 enteropathogens detected, 60 (58.82%)
were from male patients and remaining 42 (41.17%)
were from female patients. There was no significant
association of enteropathogens between male and
female. During this study, patients of age group 21-30
years were frequently affected. The total
enteropathogens observed in this group were
35(34.31%) and the age group 71-80 years had the | east
number of isolates, i.e., 2(1.96%).

Table 1. Distribution of enteropathogens during the study period

Types of organisms No. of organisms Percentage
Vibrio cholerae O1, El Tor, Inaba 53 51.96
Shigella spp. 19 18.62
S. dysenteriae 5 4.9
S. flexneri 10 9.8

S. boydii 3 2.94
S. sonnei 1 0.98
Salmonella spp. 9 8.82
S typhi 2 1.96
S. typhimurium 2 1.96
Salmonella spp. (Polyvalent A-S positive) 5 4.9
Parasites 21 20.58
Entamoeba histolytica 12 11.76
Giardialamblia 6 5.88
Ascaris lumbricoides 2 1.96
Trichuristrichiura 1 0.98
Total 102 100

100

Number
oy
o

O Total specimens
O Positive cases

Month

Fig. 1. Enteric pathogen positive cases during various months
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The isolation of V. cholerae O1 was found to be
inpeak in August (45.28%) and theincidence of Shigella
was highest in July (31.57%) and was seen in al 7
months of study period. Theisolation rate of Salmonella
was seen highest in June (33.33%). Similarly, cases of
parasites were highest (28.57%) in August.

Clinical featuresinduced by variousentericisolates
indicated that abdominal pain was acommon symptom
among patients with enteropathogens. Fever was most
frequently reported from the patientswith salmonellosis
(66.6%) followed by shigellosis (36.8%). Vomiting was
reported from majority of the patients with V. cholerae
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01 (96.2%). Patients (88.69%) with cholera had got
the symptoms of dehydration, which is the prominent
feature of this disease. and dehydrated cases were
44.44% and 36.84% among patients with Salmonella
and Shigella infection respectively. Cholera patients

Table 2. Antibiotic susceptibility pattern of V. cholerae 01

(58.49%) and few patients with Shigella (10.5%) and
Salmonella (33.3%) had got nausea also. Fever (9.52%)
and vomiting (14.2%) were rarely reported from the
patients during parasitic infection.

Antibiotics used
Amp Cf NA Sxt E F T
S R S R S R S R S R S R S R
Number 53 - B3 - - 53 - 53 53 - 8 45 53 -
Percentage 100 - 100 - - 100 - 100 100 - 15 849 100 -
Table 3. Antibiotic susceptibility pattern of Shigella spp.
Antibioticsused
Amp Azm CRO Cf Sxt Mec NA
S R S R S R S R S R S R S R
Shigella No. 7 12 19 - 19 - 17 2 6 11 12 7 6 13
spp. (19) (%) 36.8 632 100 - 100 - 89.5 105 353 647 632 368 316 684
Table 4. Antimicrobial susceptibility pattern of Salmonella spp.
Types of N
Saimonella Antibioticsused
Amp CRO C Cf Sxt NA T
S R S R S R S R S R S R S R
S. typhi (2) 2 - 2 - 2 - 2 - 2 - - 2 2 -
Styphimurium (2) 1 1 2 - 2 - 2 - 2 - 1 1 2 -
Salmonella spp. 2 3 5 - 5 - 5 - 4 1 3 2 5 -
(Polyvalent A-S positive)
Total No. 5 4 9 - 9 - 9 - 8 1 4 5 9 -
% 555 444 100 - 100 - 100 - 888 11.1 444 555 100 -
Table 5. Distribution of multiple drug resistant (MDR) enteric bacterial isolates
- Total MDR
Typeandno.  Sensitiveto all Drug resistance pattern (i.e. resistant
of organisms  drugstested to €’ 2 drugs)
1 drug 2drug 3drug More than strains
3drug
No. % No. % No. % No. % No. %
V. cholerae (53) - - - 8 1509% 45 849% - - 53 100
Shigella (19) 4(21.05%) 5 2631 4 21.05% 3 1578% 3 15.78% 10 52.65
Salmonella (9) 2 (22.22%) 5 54555 1 11.11% 1 11.11% - - 2 22.22
Total (81) 6 (7.4%) 10 12.34% 13 16.04% 49 6049% 3 3.7% 65 80.24%
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Discussion

Theresultsclearly showed that there were no significant
sex-related differencesin theincidence of the diseases.
Nearly similar results were observed by Aggarwal et
al. (1989) in India. The prevalence rate of
enteropathogensfound in thisstudy islow in comparison
to other findings such as 53.7% isolation by Mertens et
al. (1990) in the dry zone of Sri-Lanka, and
identification of 61.9% enteropathogens by Seas et al.
(2000) in Peru. The variation between the prevalence
rates of enteropathogens may be due to different
geographic set up, socioeconomic status, environmental
hygiene, water and sanitary measures, study time
difference and exclusion of certain enteropathogens of
diarrhoeain the study, etc.

Children are more likely than adults to die from
diarrhoea because they become dehydrated more
quickly. Inthisstudy, the age group distribution showed
that most of the diarrhoeal episodes (28.23%) as well
as positive cases of enteropathogens (34.31%) were
prevalent in the adults of age group 20-30 years. This
result is in contrast to other reports by different
researchersat different timeswhere diarrhoeal diseases
have been frequently reported in children. The reason
behind thisisthat Sukraraj Tropical Hospital (STH) is
the only infectious disease hospital attending diarrhoeal
patients among the adult population located in
Kathmandu, Nepal and mgjority of patients (82.94%)
coming for laboratory diagnosisto NPHL during study
period were those referred from STH.

August was found to be the month of highest
incidence of diarrhoeal episode (78) and entericisolates
(44.87%) followed by July and September in thisstudy,
which wasin accordance with Pokhrel et al. (1997) that
the outbreaks occur commonly from Juneto November
each year that coincides with rainy and post-rainy
seasons, the peak period being June and August
suggesting favourable condition for itsproliferation. The
increase in rainfall, temperature and relative humidity
are contributing environmental factors and also rapid
contamination and transmission of organisms in huge
dosage as a result of rain (Shrestha 1995). Increased
frequency of diarrhoeal cases (102) and enteropathogen
positive cases (48.03%) were observed among the
peoplewho were using municipal tap water for drinking
purpose. Thismay be dueto passage of enteropathogens
directly by contaminated water to the gastrointestinal
tract. According to WHO (2004), 88% of diarrhoeal
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diseaseisattributed to unsafe water supply, inadequate
sanitation and hygiene; and improved water supply
reduces diarrhoea morbidity by 6% to 25%, if severe
outcomesareincluded. The major bacteriaand parasites
are discussed below.

Cholera

V. cholerae was the most prevalent isolate among
enteropathogensisolated in thisstudy. All isolated Vibrio
were serogroup O1 “Inaba’ and biotype “El Tor”.
According to Shrestha (1997), it was reported that for
the last 6 years V. cholerae El Tor O1 Ogawa had been
responsible for the endemic situation in Kathmandu,
but in 1990 it was V. cholerae El Tor O1 Inaba. So it
can besaid that after 15 yearslater, V. cholerae O1 Inaba
emerged hugely in Kathmandu. Also in India the
toxigenic Inaba serotype of V. cholerae O1 biotype El
Tor reappeared in 1998 and 1999, amost 10 yearsafter
itslast dominancein Calcuttain 1989 (Garg et al. 2000).

V. cholerae O1 strainswith such aperiodic shift of
different serotypes or serotype conversion between the
Inaba and Ogawa may be a consequence of genetic
reversion which is known to take place in vitro and in
vivo (Colwell et al. 1995, Gangarosa et al. 1967,
Stroeher et al. 1992).The genes responsiblefor O1
antigen biosynthesis have been designated wbe
[previously known asrfb] (Reeveset al. 1996) and are
localized on a21.6-kb Sacl fragment of DNA (Fallarino
et al. 1997). Thisregion is highly conserved; the only
changes observed between the Ogawa and Inaba
serotypes are related to a mutation in the wbeT region
(Yamasaki et al. 1999, Stroeher et al. 1992). According
to Manning et al. 1994, the epidemic strains had
undergone a serotype conversion, possibly because of
immune pressurein the population. Gangarosa et al.
(1967) described that the switch in O-antigen from
Ogawato Inabais caused by selective pressure of anti-
Ogawa antibodies and the emergence of anti-lnaba
antibodies.

In the present study, the highest choleracaseswere
seen among the age group between 21-30 yearsand were
predominant in male. Although children arethe primary
victims of cholera, the present results may be due to
higher frequency of samples from adult patients. Our
research found the incidence of cholera in a peak in
August followed by September. Thisresult isadvocated
with the preamble of Pokhrel et al. (1997) and Shrestha
(1995). It is almost a regular feature now to have an
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outbreak of choleraevery summer in Kathmandu valley.
VVomiting, dehydration and nausea with watery or rice
watery (predominantly) stool and stool passage
frequency €"10 (in majority cases) were the clinical
manifestations exhibited by cholera patients.

Shigellosis

Shigella still accounts for a significant proportion of
bacillary dysentery in many tropical and subtropical
countries (Zafar et al. 2005). Asavery low number of
organisms are required for causing infection, mothers
not practicing proper hand washing are the main cause
associated with childhood dysentery (Khan 1988, Han
& Hlaing 1989).

The pattern of serotypes found in our study was:
9.8%in S flexneri, 4.9%in S. dysenteriae, 2.94%in S.
boydii and 0.98% in S. sonnei of the total enteric
isolates. This pattern of serotype finding is in
consistency with the finding of Iwalokun et al. (2001)
inwhich S flexneri (51.6%) was predominantly isolated
followed by S. dysenteriae (17.7%), S. boydii (17.7%)
and S. sonnei (13%) respectively from diarrhoeal
patientsin Lagos. The predominance of S. flexneri may
be due to highly infectious by the oral route, and
ingestion of as few as ten organisms can cause an
infection. S flexneri and S dysenteriae serotype 1 occur
more frequently in developing countriesand S. sonnei
is more common in developed countries. Incidence of
Shigella was highest in July and infection occurred
mostly by consumption of direct municipal tap water.
Abdominal pain, rarely fever, dehydration, nausea and
vomiting were reported in the patientswith shigellosis.
Shigellawasisolated from both loose and watery stool
but in majority of the cases stools were bloody and
mucoid. The major clinical manifestations of the
patients infected with Shigella spp. were bloody
diarrhoea, abdominal pain, anorexia, vomiting
(frequently in case of S. sonnei & S boydii), tenesmus
and fever (mostly in case of S dysenteriae type 1 and
S flexneri), in astudy conducted by Bhattacharyaet al.
(1994) in Calcuttaduring 1990-1992. Bloody diarrhoea
isusually asign of invasive enteric infection that carries
asubstantial risk of serious morbidity and death.

Salmonellosis

Salmonellosis is a bacterial infection that generally
affects the intestinal tract and occasionally the
bloodstream. It is one of the more common causes of
diarrhoeal ilIness. Salmonella spp., acommon cause of
food poisoining is usually associated with food borne
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infections in contrast to the enteric fever caused by S.
typhi and S paratyphi which is basically waterborne
infection. In higher-risk groups, Salmonella is more
likely to invade beyond the gastrointestinal tract and
cause bacteriamia. From there the bacteria can spread
deeper into the body and cause more severe symptoms.
Infection rate of Salmonella is higher in industrialized
countriesand citieswhere canned foods are mostly used.
Non-typhoidal Salmonella are one of the key etiological
agents of diarrhoeal disease.

Inthisstudy, out of atotal of 9 (8.82%) Salmonella
isolates, 2(1.96%) were S typhi and S typhimuriumeach
and therest (4.9%) were Salmonella species (polyval ent
A-Spositive). Salmonellawas predominant among male
and in the patients of age group 10-20; incidence was
peaked in June and abdominal pain, fever, rarely
vomiting, dehydration nausea and stool passage
frequency with €10 per day were reported as the main
clinical features of salmonellosis. Salmonella were
isolated from loose or watery stools of diarrhoeal
patients with some cases having blood and mucus.
People using direct tap water suffered frequently than
people using boiled or filtered water.

Koplan et al. (1979) suggested that the best clinical
predictor of positive stool culture (Salmonella and
Shigella) was the combination of more than 24 hours
fever and either blood in the stool or abdominal pain
with nausea and vomiting.

In Nepal majority of Salmonella spp. isolated from
diarrhoeal patients in former studies were also S.
typhimuriumas published by researchers. It wasthe most
common isolate (45.7%) in diarrhoeal children having
less than 5 years age in Iran (Farhoudi et al. 1990)
followed by S. havana (30.9%), S. typhi (2.9%) and S.
larochelle (2.4%).

Parasites

Intestinal parasitosisleading to diarrhoeal and dysenteric
manifestationsisone of themajor public health problems
in Nepal. Overall, the intestinal protozoal parasitosis
and intestinal helminthiasis rank the second and the
fourth respectively inthelist of top ten diseases of Nepal.
However, ahospital based study has shown a declining
trend of the diseases during a period of one decade
(1985-1994) (Rai et al. 2004). The study was also
undertaken to review the prevalence and type of parasitic
infestations. The stools collected from patients were
screened by routine microscopic examination and cyst
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or trophozoites of protozoa and ova of helminthes
positive stool were recorded. Microscopic examination
of stool samplesis the gold standard for diagnosis of
parasites. The finding of low number of parasitesin
our study or temporary disappearance of cysts and ova
from stools may be due to intermittence of parasitic
cycle and use of different medication which may give
false negative results and poor diagnostic sensitivity of
the stool microscopy or limitation to direct stool
microscopy only. Winiecka-Krusnell J and E. Linder
(1995) suggested that the isolation of parasites could
be detected more frequently using antibody marker for
samplesthat contained low number of parasites which
are not detected by conventional microscopy.
Immunoflorescent staining technique in conjugation
with microscopic examination improved the isolation
rate.

From the results obtained in this study, it can be
concluded that many people of different ages are
suffering from diarrhoea in the rainy season in
Kathmandu. Both bacteria and parasites are prevalent
among diarrhoea patients. Diarrhoeal episodes could
be decreased significantly by implementing simple
strategies, such as better waste and water management
and hygiene education. Increasing antibiotic resistance
against commonly prescribed drugs signify that
treatment options have become difficult in cases of
severediarrhoea. Theresultsindicate a continuing need
for resistance surveillance and rational use of
antimicrobial agentsto reducethe multiresistant strains.
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