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ABSTRACT: Entamoeba histolytica, Giardia lamblia, and Cryptosporidium spp. are common diarrhea-causing parasitic
protozoa. A total of 423 fecal samples from 185 children were tested for E. histolytica, G. lamblia and Cryptosporidium spp.
Positivity of E. histolytica, G. lamblia and Cryptosporidium spp. were 17.5%, 50.6% and 9.2%, respectively by real-time PCR.
E. histolytica and G. lamblia infection rate increases with age, while Cryptosporidium spp. infection rate decreases with age.
Parasitic infection rate was lowest in the winter, gradually increased during the rainy season. Among 185 children, 25% of them
showed multiple infections with 2 or 3 of these parasites. This study demonstrates the alarming parasitic infection in the children
suffering from diarrhea in an urban slum area. Therefore, multiple intervention strategies should be implemented to reduce the
disease burden.
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INTRODUCTION into independent species (Diamond and Clark 1993, Som
et al. 2009)™2,
Diarrhea is a major public health problem worldwide,

especially in children. One in ten child deaths result G. lamblia (synonyms: G. intestinalis and G. duodenalis) is
globally from diarrheal disease before their fifth birthday, the most common protozoan infection of the intestinal tract
resulting in about 800 000 fatalities worldwide annually, worldwide. Many countries, especially developing
most occurring in sub-Saharan Africa and south Asia (Liu countries, show a high infection rate of giardiasis (Sprong
et al. 2010)". In South Asia, Diarrhea accounts for 26.1% of et al. ) 5. It is believed that giardiasis is still a significant
childhood deaths with a peak incidence in their early years health problem. Most infected persons are children who
of Life (Walker et al. 2012)% The incidence of diarrheal suffer and experience growth retardation (Farthing et al.
diseases varies greatly with the seasons and a child’s age. 1986) ** Cryptosporidiosis is a frequent cause of diarrheal
The rate is highest in the first two years of life and declines disease in humans. Infection is acquired via the fecal-oral
as a child grows older. In Bangladesh, one third of the total route, and C. parvum has been recognized as the cause of
child death burden is due to diarrhea (Victora et al. 1993)°, large  waterborne and food-borne outbreaks of
Every year, a rural child suffers on average from 4.6 gastroenteritis. Patients tend to present with a self-limiting
episodes of diarrhea, from which about 230,000 children diarrhea that may last for several weeks to months. In
die (Piechulek et al. 2003)*. developing countries, Cryptosporidium spp. infections
occur mostly in children younger than 5 years of age, with
Parasitic diseases are incriminated in causing more than a peak in children younger than 2 years of age (Tumwine et
33% of global deaths of which intestinal parasitic infections al. 2003, steinberg et al. 2004)*> . In immuno-deficient
are believed to take the major share (WHO 1991, WHO humans, especially individuals with  HIV/AIDS,
1998)>¢. Although there could be many other causes of cryptosporidiosis can be associated with chronic,
diarrhea, the enteric protozoa E. histolytica, G. lamblia and potentially life-threatening diarrhea (Cama et al. 2003).
Cryptosporidium spp. have been recognized as important
causes of diarrhea among human beings (Haque et al. 2003, The aim of the present study was to determine the
Ortega and Adam 1997, Kosek et al. 2001)"°. E. histolytica percentage of the three recognized enteric parasites (E.
is a pathogenic parasite for which humans are the primary histolytica, G. lamblia and Cryptosporidium spp.) in
reservoir 9. The clinical presentation can range from children from an urban slum area of Bangladesh.

asymptomatic carriage to gastrointestinal disease and
invasive disease. E. histolytica is morphologically identical
to the nonpathogenic species E. dispar and E. moshkovskii,
though genetic differences have confirmed their separation
175 Volume 02, Issue 01. January 2016.
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MATERIALS AND METHODS

Study design

The present study was carried out during January 2012 to
December 2012 at the Parasitology Laboratory, Laboratory
Sciences Division (LSD) of the International Centre for
Diarrheal Disease Research, Bangladesh (ICDDR, B). This
study was approved by the Ethical Review Committee at
the ICDDR,B. The subjects were studied living in a slum of
Mirpur, in Dhaka, Bangladesh. Informed and consent was
obtained from the parent or guardian, and then the child
was enrolled in the study. A total of 185 children were
randomly selected for the study and followed up two times
per week via home visits by field research assistants. If a
child had diarrhea, defined as three or more unformed
stools per day, a specimen was collected and delivered
from field to the laboratory within 6 hours of collection
maintaining cold chain. Only one specimen was collected
per episode. We considered diarrheal episodes independent
if separated from another episode by 3 diarrhea-free days.
The repeated diarrheal sample(s) was collected from a child
who again showed diarrhea after recovery. The parasites
were detected firstly by direct microscopy; we also used
molecular detection techniques, ELISA and PCR, to
increase the sensitivity and specificity of detection.

Microscopic screening

Immediately the samples were received, they were
examined by direct microscopy. Microscopic examination
was done by Olympus light microscope. In microscopic
examination, liquid stool were taken into slide and
examined whether it is positive or not. No concentration
technique or special staining technique was applied.

Molecular Screening

Antigen-capture Enzyme Linked Immunosorbent Assay
(ELISA) was performed on all the samples to detect the
above-mentioned parasites using commercially available
kits, i.e. GIARDIA I, E. HISTOLYTICA Il and
CRYPTOSPORIDIUM Il (TechLab, Inc., Blacksburg,
Virginia). Parasite DNA was isolated using a Stool DNA
Isolation Kit (QIAGEN) according to the manufacturer's
protocol, and then multiplex Real Time PCR was
performed on all samples.

Primers and probes

The primers and Tagman probes for E. histolytica
(accession no. X64142) and G. lamblia (accession no.
M54878) were designed on small subunit ribosomal RNA
gene (Roy et al. 2005, Verweij et al. 2003)'* * The
primers and Tagman probes for Cryptosporidium spp. were
designed on Cryptosporidium Oocyst Wall Protein
(COWP; accession no. AF248743) Guy et al. 2003 . The
primers that we used for Cryptosporidium are capable of
detecting C. parvum, C. hominis, and C. melagiardis. The
amplified targets were 134, 62, and 151 bp for E.
histolytica, G. lamblia and Cryptosporidium spp.,
respectively.

Multiplex real-time PCR assay

Amplification reactions were performed in a volume of 25
pL with Qiagen master mix (containing 100 mmol/L KCL;
40 mmol/L  Tris-HCL, pH 84; 16 mmol/L
deoxynucleoside triphosphate; iTaqg DNA polymerase [50
units/mL], 2 mmol/L Mgcl2) and an additional 3 mmol/L
MgCI2 also added; 0.4 pmol/L of each Eh-f, Eh-r primers
and 0.08 umol/L Eh-YYT probes for E. histolytica, 0.4
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pmol/L of each Gd-80F, Gd-127R primers and 0.12
pmol/L of Gd-FT probes for Giardia, and 1 umol/L of each
Cp-583F, Cp-733R primers and 0.5 pumol/L of Cp-TRT
probes for Cryptosporidium and 3 pL of the DNA sample
were used in each reaction. Amplification consisted of 3
minutes at 95°C followed by 45 cycles of 30 seconds at
95°C, 30 seconds at 55°C, and 30 seconds at 72°C.
Amplification, detection, and data analysis were performed
with the i-Cycler real-time detection system (BioRad).
Fluorescence was measured during the annealing step of
each cycle. The ramping of the machine was 3.3°C/s in
every step. Fluorescence at 530, 490, and 575 nm was
measured for E.  histolytica, G. lamblia and
Cryptosporidium, respectively.

Statistical analysis

Basic demographic information, surveillance data, and
clinical and laboratory findings of each diarrheal episode
for which stool sample was collected were stored in data
files using Fox-Pro® (Microsoft, Redmond, WA). The
statistical package SPSS wversion 10.01 (SPSS, Inc.,
Chicago, IL) was used for data analysis.

RESULTS

Out of 423 fecal samples analyzed, 74 samples (17.5%)
were found positive for E. histolytica, 214 samples (50.6%)
for G. lamblia and 39 (9.2%) for Cryptosporidium spp.
(Table 1). The samples that were positive either by
microscopy or Antigen detection were also found positive
by PCR. The real time PCR shows 100% sensitivity and
specificity compared to other two methods. We have used
positive controls in real time PCR for all three parasites. In
addition to these, extraction controls have been used for
assessing specificity of real time PCR. Among the 185
children, 55.13% (102/185) showed repeated episodes
diarrheas and the repeated diarrheal samples 9, 37 and 2
cases were found re-infected with E. histolytica, G. lamblia
and Cryptosporidium spp. Respectivel After treatment of
29 E. histolytica positive children (Table 3), only 17
children showed multiple diarrheas on which 9 children
were found re-infected with E. histolytica. In case of 88 G.
lamblia infected children, 45 showed repeated diarrheas
after being introduced with antiparasitic therapy. multiple
diarrheas on which 9 children were found re-infected with
E. histolytica. In case of 88 G. lamblia infected children, 45
showed repeated diarrheas after being introduced with
antiparasitic therapy, among them 37 were found re-
infected with G. lamblia. Out of 19 Cryptosporidium spp.
positive children, only 7 showed multiple diarrheas and 2
were found Cryptosporidium spp. positive after treatment.
Examining the first diarrheal samples, 72/185 children were
identified negative for all the three intestinal parasites by
all the three techniques. They were left untreated with any
antiparasitic therapy and found 18.77%, 50.70% & 8.45%
positive for E. histolytica, G. lamblia and Cryptosporidium
spp. respectively from their repeated samples. The highest
isolation rate of E. histolytica and G. lamblia occurred in
children aged 49-60 months and the highest isolation rate
for Cryptosporidium spp. occurred in children aged 13-24
months. Low infection rate was found at the age group of
13-24 months for E. histolytica and G. lamblia. No
Cryptosporidium spp. infection was found at the age group
of 49-60 months (Table 4). Infection with E. histolytica
(P=0.037) and/or G. lamblia (P=0.028) showed a steady
increase with age and infection with Cryptosporidium spp.
showed a decrease with age (P=0.459).
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Table 1: Detection of Entamoeba histolytica, Giardia lamblia and Cryptosporidium spp. with three different techniques.

Method No. of samples No. of positive samples (%0)
E. histolytica G. lamblia Cryptosporidium spp.
Real Time PCR 423 74 (17.5) 214 (50.6) 39(9.2)
Antigen detection 423 14 (3.3) 113 (26.7) 20 (4.7)
Microscopy 423 1(0.24) 14 (3.3) ND
ND- Not Done

Table 2: Cross-classified test results obtained by the antigen detection test and a real-time PCR test.

Antigen detection test Real time PCR No. of samples
E. histolytica G. lamblia Cryptosporidium spp.
+ + 14 113 20
- + 60 101 19
+ - 0 0 0
- - 349 209 384

(+) indicates a positive and (-) indicates a negative test result.

Table 3: Results from Samples collected first time from 185 children.

Method Number of Samples Number of positive samples (%)
(First ds/Pre-treatment
samples) E. histolytica G. lamblia Cryptosporidium spp.
Real Time PCR 185 29 (15.67) 88 (47.57) 19 (10.27)
Antigen detection 185 4 (2.16) 42 (22.7) 10 (5.4)
Microscopy 185 0(0) 5(2.7) ND

ds=Diarrheal Sample

Table 4: Age wise distribution of parasites detected in 423 stool samples.

Age group (Months) No. of samples No. (%) with E. No. (%) with G. No. (%) with
examined histolytica lamblia Cryptosporidium spp.

13-24 158 23 (14.6%) 75 (47.5%) 17 (10.8%)

25-36 166 26 (15.7%) 80 (48.2%) 15 (9%)

37-48 78 17 (21.8%) 42 (53.8%) 7 (8.9%)

49-60 21 8 (38.1%) 17 (80.9%) 0 (0%)
Seasonality: Monthly seasonal positivity for three Bangladesh. In this study, the percentage of E. histolytica ,
protozoan parasitic infections gradually increased from a G. lamblia and Cryptosporidium spp. was found 17.5%,
minimum (46%) in April to a maximum (80.1% - 88.9%) 50.6% and 9.2% respectively. This prevalence is markedly
between July and November. Percentage of single infection higher than reported prevalence in the previous studies
was lowest (32.1%) in December and highest (76.3%) in (Mukherjee et al. 2009, Haque et al. 2003) % 2 - Another
November. No multiple infections were found in October study in this region demonstrated that preschool children in
but highest (23.1%) positivity was observed in July (Table the urban slum are at great risk of acquiring parasitic
5). Peak percentages of positivity were observed in the infection, with almost half infected by five years of age
rainy season. E. histolytica and Cryptosporidium spp. (Haque et al. 1999) 2* The higher infection rate the study
infections were observed highest in August and lowest in suggests real increase in percentage but does not exclude
October. Oscillations in seasonal frequency was not the possibility of differences in test populations. The results
dramatic in G. lamblia infection rather fluctuated in the of present study are significantly different from that of
remaining months of the year, and showed high positivity results of Bangladesh in the Global Enteric Multicenter
in September and November (Fig 1). Study(GEM bv Kotloff et al. 2013)%. The difference could

be due to geographical location or variation in study
Multiple infections: Out of 185 children, 46 children (25%) subject, sample size as well as life style (our study subjects
were infected with either 2 or 3 of Entamoeba histolytica, were living in an unhygienic conditions of slum with poor
Giardia lamblia and Cryptosporidium spp. Among these, sanitation facilities). Our study showed a high risk for E.
26 infections with E. histolytica and Giardia lamblia, 5 histolytica and G. lamblia infection at 49-60 month age
with E. histolytica and Cryptosporidium spp, 12 with group children, the infection rate was low at 13-24 age
Cryptosporidium spp and G. lamblia and 3 with E. group and it significantly increased with age (P<0.05).
histolytica, G. lamblia and Cryptosporidium spp. E. Cryptosporidium spp. was more frequently detected in
histolytica, G. lamblia and Cryptosporidium spp. is children less than two years of age (10.8%), and infection
associated with diarrhoeal illness in young children in rate decreased with age. Similar findings were
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Fig 1: Seasonal prevalence of Entamoeba histolytica, Giardia lamblia and Cryptosporidium spp. during January 2012 to December 2012.

Table 5: Seasonal prevalence of single or multiple parasitic infections.

Number (%0) of samples infected

Months Number of samples  Single infections Multiple infections Total
examined
January 44 16 (36.4) 7(15.9) 23 (52.3)
February 42 21 (50) 5(11.9) 26 (61.9)
March 48 21 (43.8) 8 (16.7) 29 (60.4)
April 63 24 (38.1) 5(7.9) 29 (46)
May 42 17 (40.1) 7 (16.7) 24 (57.1)
June 31 14 (45.2) 6 (19.4) 20 (64.5)
July 26 15 (57.7) 6(23.1) 21 (80.1)
August 18 10 (55.6) 4(22.2) 14 (77.8)
September 18 12 (66.7) 4(22.2) 16 (88.9)
October 25 16 (64) 0(0) 16 (64)
November 38 29 (76.3) 4 (10.5) 33 (86.8)
December 28 9(32.1) 4 (14.3) 13 (46.4)
Total 423 204 (48.2) 60 (14.2) 264 (62.4)

previously reported in studies from Bangladesh as well as
from other countries (Haque et al 2003, Bhattacharya et al.
1997, Rahman et al. 1990, Shahid et al. 1987, Pereira et al.
2002, Kirkpatrick et al. 2002)% 2630 - positivity of E.
histolytica was found 17.5%, which is almost similar with a
study in an endemic area for amoebiasis in Turkey
(Tanyuksel et al. 2005)*%. We have seen a significant
difference for the detection of E. histolytica by microscopy
and antigen The detection test in comparison with real-time
PCR. analytical sensitivity of our real-time PCR assay is
around 0.02 parasite per reaction (Roy et al. 2005)'°, which
is around 1 parasite in the specimen that will be extracted
for DNA. The real-time PCR assay detected all of the
positive specimens detected by the antigen detection test
and microscopy. The real time PCR showed 100%
sensitivity and 100% specificity in comparison to other
methods. The specimens that were positive by real-time
PCR but negative by the antigen detection test and
microscopy showed higher cycle threshold (C;) values
which indicate that the low number of parasites in those
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samples fell below the detection limits of the antigen
detection test as well as by microscopy.

Out of the 423 fecal samples analyzed, 50.6% (214/423)
was detected positive for G. lamblia by Multiplex Real-
time PCR where as the detection rate was 26.7% by antigen
detection test and 3.3% by microscopy. A similar finding
was found for Cryptosporidium spp. where 9.2 % (39/423)
was detected positive by Multiplex Real-time PCR while
antigen detection test detected 4.7% as positive for
Cryptosporidium Spp. The antigen detection test showed
528% & 51.3% sensitivity for G. lamblia &
Cryptosporidium spp. compared to Real-time PCR,
respectively. However, the antigen detection test showed
100% specificity for both. This low sensitivity of antigen
test was due to low number of parasites in those samples
that fell below the detection limits of the antigen detection
test.
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From the first diarrhoeal samples of 185 children, the
number of E. histolytica positive children was 29 (Table 3).
After treatment, only 17 children showed multiple diarrheas
on which 9 children were found re-infected with E.
histolytica. The rest 8 may be due to microbial infections or
other etiological agent. In case of Giardia infection, 37 out
of 88 were found re-infected with G. lamblia. However, for
the Cryptosporidium spp. infection, it was only 2 out of 19
who were found re-infected with Cryptosporidium spp.
after treatment. Interestingly, most of the post treatment
stool samples were found positive only with the real-time
PCR & they showed higher cycle threshold (C;) values
compared to their first instances which indicate the low
parasitic load in these samples and thus fell below the
detection limits of the antigen detection test as well as by
microscopy. This result also indicates a positive
effectiveness of the antiparasitic therapy.

The detection limit for our Multiplex Real-time PCR was 1
trophozoite of E. histolytica per extraction (100 uL), 10
trophozoites of G. lamblia per extraction, and 100 oocysts
of Cryptosporidium per extraction, described elsewhere
(Haque et al 2007) 8. Thus it clearly demonstrate that
Multiplex Real time PCR is much more sensitive &
specific method than the other two methods. Moreover,
Microscopy cannot differentiate the Entamoeba species
(from pathogenic E. histolytica to non-pathogenic E. dispar
and others). A recent study highlighted the lack of
sensitivity of Microscopy and suggested molecular methods
as the diagnostic method of choice for enteric parasites
(Stark et al. 2014)*. Conventional microscopy has a
disadvantage due to poor sensitivity that even in
experienced hands may overlook 50% of the infections
Tanyuksel et al 2005) **. Numerous studies ( McAuliffe et
al. 2013, Roberts et al. 2011, Stark et al. 2008) *** . have
shown the benefit of molecular detection of parasites over
traditional methods and, therefore, real-time PCR is now
considered the diagnostic gold standard for the detection of
enteric protozoa.

In the present study, 25% (46 out of 185) of the children
were detected multiple infections. Interestingly, among the
46 multiple infections 41 were associated with Giardia
lamblia, although the reason behind this is not clear. A
recent study in India showed that Giardia infection rate
play a vital role in regulation of the whole diarrhoeal
disease spectrum in this endemic region (Mukherjee et al.
2014)%* The result of the polyparasitism of our study is
higher than the study conducted in Ethiopia where multiple
parasitic infections were seen in 7.3% of the total study
subjects and 17.8% among children who were infected with
parasites ( Beyene and Tasew 2014)*". The difference could
be due to geographical location or variation in study subject
and sample size.

E. histolytica, G. lamblia and Cryptosporidium spp. cases
were evident throughout the year. Peak Positivity were
observed in G. lamblia in the rainy season (September)
which is similar to our neighboring country (Saha et al.
2008)%, E. histolytica infection appeared to be uniformly
present throughout the years with a peak during mid
monsoon seasons (July—August). Similar findings were
found with other studies (Saha et al. 2008, and Nasiri et al
2009)% . Overall, the highest parasite detection occurred
during the month between July to November which
corresponds to the end of the dry season and the entire
monsoon season in Bangladesh. A previous study in Manila
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showed the number of patients with diarrhea increased with
the onset of the monsoon rains and peaked during the
months of maximum rainfall (Adkins et al. 1987) “,
Another study in Nigeria showed that the parasitic
infection started in April of each year (onset of rainy
season), peaked between July and August, and was the
lowest at dry season between November and March
(Nzeako 1992)*" which are similar with our present
findings. Low infection rates were found during winter,
cool season experience the lowest rate of detection
suggesting a role for environmental factor(s) in
transmission of these infection.

Intestinal parasitic infection represents a relevant clinical
problem, especially in developing countries like
Bangladesh, where they are responsible for morbidity and
mortality in children. The positivity in the communities
may be altered because of changes in social behavior and
life styles during years . Transmission of intestinal
parasites depends on the presence of infected individuals,
poor sanitation and principally, the socioeconomic and
behavioral factors in the populatio (Abossie and Seid, 2014,
Lin et al. 2013)* *, The present results show that the
Positivity of parasitic infections in this region is still high.
Therefore, multiple intervention strategies should be
implemented not only for the children but also for
households and the environment to reduce the disease
burden.
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