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Abstract Gastrointestinal infection due to intestinal
parasites is an enormous health problem in developing
countries and its reliable diagnosis is demanding. There-
fore, this study aimed at evaluating a commercially avail-
able immunochromatographic assay (ICA) for the
detection of cryptosporidia, Giardia duodenalis, and En-
tamoeba histolyticaldispar for its usefulness in the Greater
Cairo Region, Egypt. Stool samples of 104 patients who
presented between October 2012 and March 2013 with
gastrointestinal symptoms or for the exclusion of parasites
at Kasr-Al-Ainy University Medical School were examined
by light microscopy of wet mounts and the triple ICA.
Microscopy revealed in 20 % of the patients [95 % confi-
dence interval (CI), 13.5-29.0 %] parasites with Hy-
menolepis nana, E. histolytica/dispar and Blastocystis
hominis being the most frequent ones, but was not able to
detect G. duodenalis and cryptosporidia, whereas ICA was
positive in 21 % (95 % CI, 14.3-30.0 %) and detected E.
histolytica/dispar in 12.5 % (95 % CI, 7.3-20.4 %), cryp-
tosporidia in 6.7 % (95 % CI, 3.1-13.5 %) and G. duode-
nalis in 154 % (95 % CI, 9.6-23.6 %) of the patients.
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Detection of one or more pathogens was associated with
access to water retrieved from a well or pump (p = 0.01).
Patients between 20 and 29 years of age (p = 0.08) and
patients with symptoms of 5 days or longer (p = 0.07)
tended to have a higher risk to be infected than patients of
other age groups or with shorter-lasting symptoms. In
conclusion, the ICA was easy to perform and timesaving.
Importantly, it enabled the detection of cryptosporidia,
which cannot be found microscopically in unstained
smears, demonstrated a higher sensitivity for the detection
of G. duodenalis than microscopy, and was more specific
for distinguishing E. histolytica/dispar from apathogenic
amoeba.
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Introduction

Diarrheal diseases are among the leading infectious causes
of morbidity and mortality in developing countries, espe-
cially in malnourished children, in patients with chronic
diseases and in immunocompromized patients, e.g., suf-
fering from HIV-infection or cancer (Abdel-Hafeez et al.
2012; Antonios et al. 2010; Baiomy et al. 2010; Curtale
et al. 1998; El-Helaly et al. 2012; El-Mohammady et al.
2012; El-Naggar et al. 2006; Hassanein et al. 2012).
Parasites must be distinguished as causative agents of di-
arrhea from viruses or bacteria because of possible chronic
and extraintestinal manifestations in protozoal infections
and different treatment requirements.

Several epidemiological factors, i.e., poor personal hy-
giene due to low educational level, overcrowding leading
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to collapsing infrastructure especially regarding water
supply, as well as tropical climate promote diarrheal dis-
eases (Alyousefi et al. 2011; Mahmud et al. 1995; Stauffer
et al. 2006; Zaglool et al. 2011) and are present in the
Greater Cairo Region in Egypt with approximately 17
Million inhabitants. Giardia duodenalis, cryptosporidia
(primarily Cryptosporidium parvum and C. hominis), and
Entamoeba histolytica are among the most important and
prevalent intestinal protozoa in resource-limited countries
(Pawlowski et al. 2009).

Light microscopy of stool sediments is the most fre-
quently used diagnostic technique in resource-poor settings
for the laboratory diagnosis of protozoal infections, how-
ever, it is labor-intensive, time-consuming, and requires
experienced laboratory staff. Furthermore, cryptosporidia
are missed by light microscopy of wet mounts and their
detection generally requires the use of staining techniques,
e.g., acid-fast Ziehl-Neelsen staining (Current and Garcia
1991). To overcome these obstacles, new technologies
have been developed that rely on the detection of parasitic
antigens, e.g., by enzyme-linked immunosorbent assays
(ELISAS), or of parasitic DNA by PCR. Both methods have
been shown to be more sensitive than light microscopy for
the detection of intestinal protozoa (den Hartoq et al. 2013;
Selim et al. 2009; Stark et al. 2010). An Egyptian study
performed in Cairo and the Nile Delta between 2005 and
2007 applied ELISA technique for the detection of bacte-
rial, viral and parasitic pathogens in 2112 diarrhoeic chil-
dren below 5 years of age (EI-Mohammady et al. 2012). G.
duodenalis and Cryptosporidium spp. were the only para-
sites detected (7.0 and 5.0 %, respectively). Furthermore,
Gaafar (2011) compared an ELISA detecting E. histolytica/
dispar, G. duodenalis, and Cryptosporidium spp. with mi-
croscopy in 100 stool samples from patients in Alexandria,
Egypt, between April and October 2011. In that study, the
ELISA and microscopy did not differ significantly re-
garding the detection of the three parasites. Other parasites
detected were Blastocystis hominis (1 %) and Cyclospora
cayetanensis (1 %).

The main disadvantages of ELISAs and PCR, however,
are their costs and the requirement of additional equipment,
e.g., ELISA reader or PCR machine. Immunochromato-
graphic assays (ICAs) may constitute an interesting alter-
native. They also detect antigens but are easy to perform
independently of further equipment (Garcia and Garcia
20006; Costache et al. 2009). ICAs for the detection of G.
duodenalis and C. parvum have been evaluated previously
in Egypt with inconsistent results (Abdel Hameed et al.
2008; El-Hamshary et al. 2008; Antonios et al. 2010).

Recently, a novel assay has been licensed that simulta-
neously detects G. duodenalis, E. histolytica/dispar, and
cryptosporidia. An evaluation of this assay in Zaragoza,
Spain, in comparison with microscopy and PCR revealed
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acceptable sensitivities and specificities for G. duodenalis
and cryptosporidia and slightly inferior results for E. his-
tolytica/dispar (Goii et al. 2012). The present study was
carried out to evaluate for the first time the triple ICA for
its benefit in diagnostic parasitology in Egypt.

Materials and methods
Study site and study population

This observational cross-sectional study included all pa-
tients who presented between October 2012 and March
2013 with gastrointestinal symptoms, e.g., diarrhea, ab-
dominal pain or discomfort, indigestion, flatulence, or un-
specific symptoms, at Kasr-Al-Ainy University Hospital,
Greater Cairo Region, Egypt, and who attended the out-
patient laboratory for the exclusion of intestinal parasites
and agreed to participate. The patients were residents of all
parts of Cairo or the surrounding rural areas. A question-
naire regarding demographic and social data, symptoms,
and the source of drinking water was filled out for each
patient.

Laboratory investigations

Stool investigations including microscopy and ICA were
performed at the German Embassy Clinic, Cairo. Each
patient delivered one stool sample to the laboratory in a
clean plastic container. Consistency, color, presence of
blood and/or mucus, undigested food particles or adult
parasites were recorded for all specimens.

Direct wet smears were performed: one with saline and,
in the case of stool samples with blood and/or mucus, a
second one with iodine. Stool samples were concentrated
by using the Paraprep S-kit (DiaMondial DML9000, Vi-
enna, Austria) which was performed as follows: 0.5 g feces
were mixed with formalin and ethyl acetate and left for
24 h to soften and ensure the bactericidal action of for-
malin. After 1 min centrifugation at 1500 rpm, each sam-
ple was examined microscopically with and without iodine
by at least two independent professionals trained in stool
diagnostics. In case of mismatching findings, a third ex-
amination was added. After microscopy all samples were
kept frozen at —20 °C for subsequent antigen detection by
ICT.

The triple ICA (RIDA®QUICK Cryptosporidium/Giar-
dia/Entamoeba Combi, R-Biopharm, Darmstadt, Germany)
was performed according to the manufacturer’s instruc-
tions. Briefly, all reagents were brought to room tem-
perature (20-25 °C). Fifty mg of stool per sample were
mixed in a test tube with 1 ml of diluent and then left to
settle for 3 min. Four drops of the clear supernatant were
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added to the round opening of the cassette. The results
were read after another 10 min. The results for the three
parasites tested appeared as three bands with different
colors (green, E. histolytica/dispar; red, G. duodenalis;
blue, cryptosporidia). Independently, the appearance of a
crimson red control band was an indicator of the validity of
the test. The color intensity of each test band may vary
depending on the quantity of the antigen. According to the
manufacturer, the sensitivity of this assay compared with
light microscopy is 83.0 % (cryptosporidia), 91.9 % (G.
duodenalis), and 84.8 % (E. histolytica/dispar), its speci-
ficity is 93.3 % (cryptosporidia), 99.5 % (G. duodenalis),
and 87.4 % (E. histolytica/dispar).

Statistical analysis

The questionnaire data, results of microscopic examination
of fecal specimens and the results of the ICA were ana-
lyzed in STATA version 10.0 for windows. Bivariable
analysis was performed to explore associations between
patients’ characteristics and prevalence of infection. Odds
ratios and 95 % confidence intervals were computed.
Pearson’s Chi-square test was performed for comparing
proportions. p values <0.05 were considered significant.

Ethics statement

All patients and in case of minors, the legal guardians, were
thoroughly informed about the study and gave their written
informed consent. The study was reviewed and approved by
the Ethical Committee of Kasr Al-Ainy, Medical School.

Results

Epidemiological and clinical characteristics
of the study population

One hundred and four patients presenting at Kasr-Al-Ainy
University Medical School with gastrointestinal symptoms
suggestive of gastrointestinal parasites could be included in
the study. Demographic data, clinical characteristics and
symptoms are presented in Tables 1 and 2.

Results of stool investigations

By light microscopy, 24 parasitic pathogens were detected
in 21 (20 %; 95 % CI, 13.5-29.0 %) of the stool specimens
including one multiple infection, while 83 specimens
(80 %; 95 % CI, 71.0-86.5 %) were negative (Table 3).
Notably, G. duodenalis was not detected by this method in
any of the samples. Thirteen samples (12.5 %; 95 % CI,
7.3-20.4 %) were positive for non-pathogenic Entamoeba

Table 1 Epidemiological characteristics of the study population
(n = 104)

Variable

Age (years, median, range) 31 (13-59)

Female sex (%) 56 (54)

Location of residence (%)
Rural 15 (14)
Semiurban 52 (50)
Urban 33 (32)
No data 4 (4)

Profession (%)
Housewife 19 (18)
Student 10 (10)
Driver 8 (8)
Farmer 5(5)
Worker 5(0)
Unemployed 43
Carpenter 2 (2)
Security 1(1)
Retired 1(1)
No data 49 47)

Source of drinking water (%)
Bottled water 0 (0)
Well/pump 87 (84)
Tap water 15 (14)
No data 2 (2)

coli. Multiple infections were rare with the exception of
one stool specimen, which contained oocysts of Isospora
belli and C. cayetanensis as well as cysts of E. histolytica/
dispar, and B. hominis.

By ICA, 22 (21 %; 95 % CI, 14.3-30.0 %) of stool
specimens were positive for G. duodenalis, E. histolytica/
dispar, or cryptosporidia whereas 82 (79 %; 95 % CI,
70.0-85.7 %) samples yielded negative results (Table 4).
Thirteen specimens (12.5 %; 95 % CI, 7.3-20.4 %) were
positive for E. histolytica/dispar while eight were positive
with microscopy (8 %; 95 % CI, 3.7-14.7 %; p = 0.001);
notably, four of these eight samples were negative by ICA,
while four were positive in both methods. In addition,
cryptosporidia were found in samples of seven individuals
(6.7 %; 95 % CI, 3.1-13.5 %; Table 4). Of note, the ICA
revealed 16 (154 %; 95 % CI, 9.6-23.6 %) micro-
scopically negative G. duodenalis infections.

ICA and microscopy together allowed identifying 34
patients with parasitic infections (33 %; 95 % CI,
24.4-42.2 %; Table 5) excluding individuals with only
non-pathogenic E. coli. Most patients presented with mild
symptoms. Severe clinical symptoms were present in only
one HIV-positive patient infected with 1. belli, C. cayeta-
nensis, G. duodenalis, and cryptosporidia, and in another
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Table 2 Clinical symptoms of the patients and stool characteristics
(n = 104)

Table 3 Detection of intestinal parasites by microscopy and ICA
(irrespective of multiple infections)

Variable Frequency (%)

Predominant symptom (%)

Diarrhea 33
Abdominal pain 24 (23)
Other abdominal symptoms 50 (48)
No data 27 (26)
Duration of symptoms (%)
10 days 2(2)
8 days 1(1)
6 days 1(1)
5 days 11 (10)
4 days 909
3 days 22 (21)
2 days 7(7)
1 day 5(5)
No data 46 (44)
Number of motions/day (%)
10 motions 1(1)
8 motions 1(1)
4 motions 1(1)
3 motions 33)
2 motions 10 (10)
1 motion 44 (42)
No data 44 (42)
Color of stool (%)
Green 76 (73)
Black 18 (17)
Yellow 7(7)
Brown 2 (2)
Light brown 1(1)
Consistency/quality of stool (%)
Blood 1(1)
Mucus 1(1)
Watery 5(5)
Loose 32 (30)
Formed 67 (64)

patient infected with C. philippinensis, a possible life-
threatening infection typically associated with enteropathy
and weight loss. Interestingly, 10 out of 16 patients with G.
duodenalis did not report considerable gastrointestinal
symptoms (Table 4); stool samples had mainly been ad-
mitted to exclude intestinal parasites.

Factors associated with the presence
of gastrointestinal pathogens

We tested the patients’ data for association with the pres-
ence of at least one gastrointestinal pathogen (either

@ Springer

Pathogen Frequency (%)

Microscopy ICA
Hymenolepis nana 8 (8) nd.?
E. histolytica/dispar 8 (8) 13 (13)
Trichostrongylus spp. 1(1) n.d.
Capillaria philippinensis 2(2) n.d.
(Cyst)lsospora belli 1(1) n.d.
Cyclospora cayetanensis 1 () n.d.
Blastocystis hominis 2(2) n.d.
Enterobius vermicularis 1(1) n.d.
Giardia duodenalis 0 (0) 16 (15)
C. parvum/hominis n.d. 77
No pathogen detected 83 (80) 82 (79)

a

n.d., not detectable by assay

detected by microscopy or ICA or both). Detection of one
or more pathogens in patients was significantly associated
with their access to water retrieved from a well or pump
(OR 4.17; CI 1.34-13.02) compared to patients with access
to tap water. Individuals between 20 and 29 years old
tended to have a higher risk (p = 0.08) of being infected
than those of the other age groups (Table 5). Although not
being significant, there also was a tendency of being in-
fected when the symptoms lasted for 5 days or longer
(p = 0.07). No association was seen for abdominal pain,
sex, profession, or area of residence.

Discussion

By light microscopy, we detected parasites in 20 % of 104
patients including one multiple infection with four different
species. The most frequent parasites detected were H. nana
followed by E. histolytica/dispar and B. hominis. Badawy
et al. (2012) also detected parasites in 20.6 % of 150 stool
specimens from diarrheic Egyptian military personnel but
found mostly C. parvum (14 %), which could not be de-
tected by us using light microscopy, followed by E. his-
tolytica (5.3 %), Strongyloides stercoralis (1.3 %), and G.
duodenalis in 0.7 %. El-Kadi et al. (2006), however, found
intestinal parasites in 67.1 % of 210 symptomatic patients
from Cairo. The difference to our data could be due to their
study period of 1 year whereas our study was carried out in
the cold season when infections are less frequent. The most
prevalent protozoal pathogens were E. histolytica/dispar in
16.2 % (9.1 % confirmed by ELISA) followed by G.
duodenalis (14.8 %) and B. hominis (9.5 %). The differ-
ences between our findings and the two other studies
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Table 4 Characteristics of all patients with at least one intestinal pathogen detected by microscopy and/or ICA (n = 34)

Patient Age Microscopy ICA Clinical findings
(years)
1 52 L belli, C. cayetanensis, Cryptosporidium spp., G. duodenalis, E. HIV, weight loss, watery diarrhea, stool
E. histolytica/dispar, B. histolytica/dispar with mucus
hominis
3 28 Trichostrongylus spp. -2
4 14 Cryptosporidium spp. Loose stools
5 55 G. duodenalis, E. histolytica/dispar Watery stools
6 38 H. nana G. duodenalis, E. histolytica/dispar -
10 29 Cryptosporidium spp., G. duodenalis -
E. histolytica/dispar
18 34 E. histolytica/dispar G. duodenalis, E. histolytica/dispar -
20 16 C. philippinensis Weight loss, watery stools, diarrhoea,
vomiting
22 19 Cryptosporidium spp. -
24 29 Cryptosporidium spp., G. duodenalis Loose stools
37 29 E. histolytica/dispar -
39 33 H. nana Loose stools
43 33 H. nana -
44 29 E. histolytica/dispar G. duodenalis, E. histolytica/dispar -
50 26 G. duodenalis Abdominal pain
53 58 C. philippinensis -
55 29 Cryptosporidium spp. Loose stools
58 22 G. duodenalis -
60 29 H. nana -
61 31 E. histolytica/dispar -
66 59 H. nana E. histolytica/dispar Loose stools
69 34 G. duodenalis, E. histolytica/dispar -
72 30 E. histolytica/dispar -
73 59 E. histolytica/dispar -
74 31 E. vermicularis G. duodenalis Loose stools
76 34 H. nana Loose stools
81 29 E. histolytica/dispar Cryptosporidium spp. -
83 91 B. hominis -
84 33 H. nana G. duodenalis, E. histolytica/dispar -
85 33 G. duodenalis, E. histolytica/dispar Bloody stools
86 29 G. duodenalis, E. histolytica/dispar Abdominal pain
90 58 H. nana -
92 31 G. duodenalis -
96 25 E. histolytica/dispar G. duodenalis, E. histolytica/dispar -

a

regarding the most frequent parasites may be due to de-
mographic differences in the study populations.

By ICA, cryptosporidia were found in seven patients
(6.7 %; 95 % CI, 3.1-13.5 %). These cases would have
remained undetected without the application of ICA. The
previous data regarding the value of ICAs for the detection

mild unspecific symptoms, no major complaint

of cryptosporidia has been inconsistent. Abdel Hameed
et al. (2008) described a sensitivity of 91.6 % for the RIDA
quick Cryptosporidium/Giardia ICA regarding the detec-
tion of cryptosporidia compared to 83.3 % for microscopy.
A poorer sensitivity (13.6 %), however, of the same pro-
duct has been shown in comparison with PCR (Helmy et al.
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f;fégei Cg‘lii‘errj;‘;; gf a% Variable No. 0dds ratio 95 % CI P
positive test result (microscopy Sex
and/or ICA) for intestinal
parasites (except E. coli only) Female 17 1.00
Male 17 0.78 0.32-1.67 0.46
Age groups
10-19 years 3 0.26 0.03-2.10 0.19
20-29 years 12 224 0.00-5.55 0.08
30-39 years 13 0.64 0.26-1.55 0.32
40-49 years 0 0.71 0.63-0.81 0.27
50-59 years 1.52 0.50-4.57 0.46
Profession
Worker 3 1.32 0.30-5.89 0.72
Student 4 1.49 0.39-5.67 0.56
Housewife 6 0.99 0.34-2.89 0.99
Farmer 1 0.52 0.06-4.88 0.56
Driver 2 0.70 0.13-3.66 0.67
Not working 3 3.45 0.55-21.72 0.16
Area of residence
Rural 6 1.53 0.50-4.73 0.46
Semiurban 15 0.77 0.33-1.75 0.53
Urban 11 0.91 0.37-2.22 0.83
Source of drinking water
Tap water 9 1.00
Well/pump 24 4.17 1.34-13.02 0.01
Duration of symptoms > 5 day 8 2.77 0.91-8.42 0.07
Abdominal pain 1.85 0.75-4.52 0.16

* Pearson Chi-square test; p < 0.05 considered significant

2014). Similarly, Antonios et al. (2010) reported a sensi-
tivity of 13.3 % for the Remel Xpect Giardia/Cryp-
tosporidium ICA.

In our study, the ICA but not microscopy detected 16
cases of giardiasis, which confirmed a poor sensitivity of
microscopy for the detection of G. duodenalis in endemic
areas where chronic and repeated infections occur fre-
quently (Ignatius et al. 2014). In contrast, Abdel Hameed
et al. (2008) demonstrated a sensitivity of 91.6 % for the
RIDA quick ICA for the detection of G. duodenalis com-
pared with microscopy. Elsafi et al. (2013) found 20 cases
(13.5 %) of G. duodenalis infections out of 148 samples.

Interestingly, 9 of 16 patients with G. duodenalis did not
report abdominal pain or diarrhea. Such mild or rather
asymptomatic infections are often seen in giardiasis pa-
tients from endemic areas and may be the result of host
adaptation, which depends on the nutritional and im-
munological status of the infected individual (Sahagin
et al. 2008).

We detected E. histolytica/dispar by microscopy in
7.7 % and by ICA in 12.5 % of the specimens. Notably,
four of the eight cases detected by microscopy were
negative by ICA. Since three of these four specimens
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contained E. coli cysts, these may have been misinterpreted
as E. histolytica/dispar; thus, the ICA may be more specific
than light microscopy in the diagnosis of amoebiasis.
Moreover, nine of the 13 positive cases by ICA were
negative by microscopy, which may be due to a higher
sensitivity of the ICA as shown previously (Bhaskar et al.
1996). Unfortunately, the ICAs are still not suited to dis-
tinguish between the pathogenic E. histolytica and the non-
pathogenic species E. dispar or E. moshkovskii.

Notably, the ICA was easy to perform and timesaving,
which confirms previous findings (Helmy et al. 2014). As
neither advanced technology nor highly trained personnel
are necessary, ICAs may be a useful method for field
studies (El-Moamly and El-Sweify 2012).

Together, ICA and microscopy identified 34 patients with
intestinal parasites; however, the majority of them presented
only with mild abdominal symptoms. This is plausible in the
case of E. histolytica/dispar since neither ICA nor mi-
croscopy can differentiate between E. histolytica and the
non-pathogenic species E. dispar or E. moshkovski. One of
the patients (No. 85) may have been infected with E. his-
tolytica because he reported bloody stools (Table 5). Two
patients presented with severe clinical symptoms. One of
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these was HIV-positive and infected by four detected para-
sites, which all could have contributed to the clinical find-
ings, i.e., I belli, C. cayetanensis, G. duodenalis, and
cryptosporidia. The second patient was a 16-year old woman
infected with Capillaria philippinensis who lived originally
in Sharona village, a rural area in Upper Egypt, and probably
got infected by processing or consumption of raw or under-
cooked fresh water fish. In contrast, a retired 58-year-old
male resident of a rural district in Cairo who also presented
with C. philppinensis infection did not report severe ab-
dominal symptoms. Intestinal capillariasis has been de-
scribed in Egypt before (Youssef et al. 1989).

The use of water obtained from a well or pump was
significantly associated with parasitic infection. These wa-
ter sources may by origin be contaminated with fecal ma-
terial due to lack of proper sanitation and infrastructure, or
they may become contaminated by storage in dirty con-
tainers (El-Sherbini and Abosdera 2013). Furthermore, pa-
tients with symptoms lasting 5 days or longer tend to have a
higher risk of being infected with parasites than patients
reporting a shorter course of disease. This is plausible since
many parasites including the ones primarily detected by our
study, i.e., G. duodenalis and Entamoeba spp., may cause
chronic intestinal infections. There also was a strong trend
towards patients at the age of 20-29 years harboring more
likely intestinal parasites than patients belonging to other
age groups although it must be assumed that the prevalence
of parasites in the study area is generally higher in children
(who were not included in the present study) than in adults
(Fawzi et al. 2004). In agreement with this finding, adults of
20-29 years have recently been identified also among 2732
expatriate workers in Saudi Arabia as the age group with the
highest prevalence of intestinal parasites (Taha et al. 2013).
The underlying reasons remain elusive and should be in-
vestigated in future studies.

Conclusion

In conclusion, ICAs as the one evaluated in the present
study are easy to perform, timesaving, and may comple-
ment standard diagnostic methods in parasitology also in
the context of field studies. The costs (approximately 10$
per sample) of this triple ICA may be compensated by its
higher sensitivity for the detection of G. duodenalis as well
as its high sensitivity and specificity for E. histolytica/
dispar. Furthermore, the examination of additional Ziehl—
Neelsen stained slides for the detection of cryptosporidia
can be obviated if an ICA is used.
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