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Abstract

Background: Cryptosporidiosis has been reported in both immunocompetent and immunocompromised patients from over 40
countries in six continents.
Objectives: This study was carried out to determine the prevalence of Cryptosporidium spp. in immunocompromised patients by
methods of modified acid fast staining, ELISA and Cassette Kit, and to also compare the three methods.
Methods: The patients in different age groups admitted to Bitlis state hospital between June 23, 2011 and January 13, 2015 were
enrolled. The study group was composed of 300 immunocompromised volunteer patients and the control group of 100 volunteers
with normal immune system. In the study group, patients with hemodialysis, chronic renal failure, diabetes mellitus, diabetes
insipidus, and cancer were enrolled. Formalin-ethyl acetate, modified acid fast staining and native-lugol were used for all stool
samples; they were also investigated for Cryptosporidium antigens by the ELISA and Cassette Kit.
Results: The highest prevalence rate of Cryptosporidium spp. is found to be 11.3%, which is obtained by ELISA and the lowest (0.7%) by
Cassette Kit in the study group. All patients with cryptosporidiosis had diarrhea. The highest prevalence rate (20%) was observed in
patients with diabetes insipidus and the second highest in patients with chronic renal failure (11.5%) by ELISA. The sensitivities and
specificities of Cassette Kit and modified acid fast staining were 5.9%, 100%; and 50%, 100%, respectively.
Conclusions: It is concluded thatCryptosporidium spp. should be considered in immunocompromised diarrheal patients and ELISA
must be chosen for detection of this parasite. Modified acid fast staining and Cassette Kit techniques could be performed if ELISA is
not available. The single use of the Cassette Kit will be inadequate for the diagnosis of cryptosporidiosis.
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1. Background

The first case of cryptosporidiosis in humans was re-
ported in 1976. A few cases, subsequently, mostly of im-
munocompromised patients, were reported between 1976
and 1981. During 1981 - 1982, however, Cryptosporidium in-
fections causing severe enteritis in AIDS patients were en-
countered. The parasite was reported in animal keepers,
tourists, and also in some immunocompetent persons in
the following years (1-3).

Duration of the symptoms and outcome typically vary
according to the immunologic health of the host. In
the AIDS/AIDS-related complex group, long duration infec-
tions followed by death are most frequent, although spon-
taneous clinical recovery has been reported and treatment
may modify symptoms. Immunologically healthy peo-
ple normally have a shorter duration of symptoms (< 20
days) and a spontaneous complete recovery. WhereasCryp-

tosporodium causes asymptomatic infection or transient
diarrhea in healthy people, may lead to severe chronic diar-
rhea, abdominal pain, nausea, vomiting, subfebrile fever,
malaise, weight loss, pancreatitis, cholecystitis, gastritis,
esophagitis, and respiratory infections in immunocom-
promised people, which may lead to even death (3-8).

Cryptosporidiosis has now been reported from over
40 countries in six continents in both immunocompetent
and immunocompromised patients around the world (9).
In a review of over 130,000 presumably immunocompe-
tent patients with diarrhea, 43 studies were done in devel-
oping areas (Asia, Africa and Latin America) and 35 studies
in industrialized countries (in Europe, North America and
Australia) (8, 10).

A large number of staining techniques have been used
to detect Cryptosporidium oocysts. The most commonly
used have been the modified acid-fast procedures. Mala-

Copyright © 2016, Ahvaz Jundishapur University of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in
noncommercial usages, provided the original work is properly cited.

http://jjmicrobiol.com/
http://dx.doi.org/10.5812/jjm.36479


Cengiz ZT et al.

chite green, Giemsa, and hematoxylin and eosin staining
techniques have been used to detect the organism with
varying success and are inferior to modified acid fast stain-
ing (4). It may be impossible to detect the parasite in stool
samples, which usually harbor few or distorted oocysts,
leading a false negativity of the microscopy. The false neg-
ativity of stool antigen tests is also due to scarcity of par-
asite. ELISA kits, however, employing Cryptosporidium spe-
cific monoclonal antibodies, have a sensitivity and speci-
ficity of 93% - 100% (2, 11).

2. Objectives

This study aims to determine the prevalence of Cryp-
tosporidium spp. in immunocompromised patients by the
modified acid-fast staining (MAFS), ELISA, and Cassette Kit
(CK) diagnostic techniques, and to also compare the three
methods.

3. Methods

The patients in different age groups admitted to the
Bitlis state hospital between June 23, 2011 and January 13,
2015 were enrolled. The study group included 300 volun-
tary immunocompromised patients (141 female, 159 male;
mean age: 51.24 ± 15.25 years) and the control group in-
cluded 100 healthy people (45 female, 55 male; mean age:
50.75 ± 16.55 years). In the study group 49 patients were
≤ 35 and 251 were above 36. The patients were either posi-
tive for chronic renal failure (CRF), diabetes mellitus (DM),
diabetes insipidus (DI) or cancer (CA).

All stool samples were examined by native-lugol,
formalin-ethyl acetate, and MAFS (11). The samples were
also tested by ELISA (R-Biopharm, Germany) and CK
(R-Biopharm, Germany) for Cryptosporidium antigens at
Yuzuncu Yil University, medicine faculty parasitology lab-
oratory. The study was approved by Yuzuncu Yil Univer-
sity, medicine faculty research ethics committee (Meeting
Date: 07 October 2010, Decision No: 07). Written informed
consent was obtained from all patients.

3.1. Statistical Analysis

Descriptive statistics for the categorical variables
(characteristics) were presented as count and percent.
Chi-Square test was calculated for determination of re-
lationships between the categorical variables. The Z test
was also used for comparison of proportions. ELISA test
was accepted as gold standard test for detection of Cryp-
tosporidium oocysts in fecal specimens. Furthermore,
the diagnostics test statistics (sensitivity and specificity

etc.) were also computed for determination of perfor-
mances for the new tests (MAFS and CK methods). The
statistical significance level was considered as 5% and the
MINITAB statistical program was used for all statistical
computations.

4. Results

ELISA detectedCryptosporidium in stool samples in 11.3%
of the immunosuppressed patients, while the CK method
found it in only 0.7%. MAFS, however, revealed oocysts in
5.7% of the patients. The ones with MAFS and CK positiv-
ity were also found to be positive by ELISA. All positive pa-
tients for the parasite had diarrhea. ELISA detected Cryp-
tosporidium spp. in only 3% of the control group (Tables 1
and 2). The parasite was detected by ELISA in mostly DI pa-
tients (20%) and secondly in patients with CRF (11.5%). An-
other pathogenic intestinal parasite was not detected in
Cryptosporidium positive patients.

4.1. Statistical Findings

No statistically significant relation was obtained be-
tween Cryptosporidium positivity and patients’ age or gen-
der. The differences between Cryptosporidium incidence
and DM (P < 0.05), CRF (P < 0.05), and immunodeficiency
(P < 0.01; our patient group, 300 patients, is taken into
consideration) were statistically significant. ELISA was ac-
cepted as the gold standard technique. CK had a sensitivity
and specificity of 5.9%, and 100% respectively. MAFS, how-
ever, had a sensitivity of 50% and a specificity of 100% (Ta-
ble 2). The negative results of MAFS, ELISA, and CK for Cryp-
tosporidium spp. detection are consistent with each other.
However, the positive results of the CK method was found
to be quite low compared to MAFS and ELISA. MAFS was
found to be an alternative to ELISA for detection of the par-
asite, while CK was not.

5. Discussion

Human infections caused by Cryptosporidium spp. are
seen in rural or urban areas of underdeveloped or develop-
ing countries in 6 continents. Large series involving adult
or children patients presented with diarrhea or gastroin-
testinal symptoms demonstrated that the parasite can be
seen as high as 1% - 2% in Europe, 0.6% - 4.3% in North Amer-
ica (except outbreaks), and 3% - 4% to 10% - 20% in Asia, Aus-
tralia, Africa, Latin and South America (4).

Cryptosporidium spp. is shown to be an important cause
of chronic diarrhea in immunocompromised patients by
numerous international and local studies. Nahrevanian
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Table 1. Cryptosporidium spp. Positivity by Patient Subgroups

Patient Groups ELISA CK Method MAFS

N % N % N %

DM (n: 141) 15 10.6 - - 7 5

DI (n: 10) 2 20 - - - -

CRF (n: 96) 11 11.5 2 2.1 7 7.3

CA (n: 53) 6 11.3 - - 3 5.7

Total (n:300) 34 11.3 2 0.7 17 5.7

Abbrviations: CA, Cancer; CRF, Chronic renal failure; DM, Diabetes mellitus; DI, Diabetes insipidus; N, Number.

Table 2. Cryptosporidium spp. Positivity in Both Groups by Three Methods as well as the Sensitivities and Specificities of the Methods

Methods Patient Group

35 ≤ (n: 49) 36 ≥ (n: 251) Female (n: 141) Male (n: 159)

N % N % N % N %

ELISA 7 14.3 27 10.8 13 9.2 21 13.2

MAFS 1 2 16 6.4 9 6.4 8 5

CK - - 2 0.8 2 1.4 - -

Control Group

35 ≤ (n: 23) 36 ≥ (n: 77) Female (n: 45) Male (n: 55)

N % N % N % N %

ELISA 2 8.7 1 1.3 1 2.2 2 3.6

The Results of the Diagnostic Test Criteria (%)

Sensitivity Specificity False Positives False Negatives

MAFSa 50 100 0 50

CKa 5.9 100 0 94.1

Abbreviations: CA, Cancer; CRF, Chronic renal failure; DI, Diabetes insipidus; DM, Diabetes mellitus; N, Number.
aELISA was accepted as the gold standard technique.

and Assmar (7) showed the parasite in 1.4% of 214 immuno-
compromised patients by acid fast stain, auramin phe-
nol fluorescence, and direct fluorescence; Abaza et al. (12)
showed it in 6.3% of 427 immunocompromised patients
with Kinyoun acid-fast stain; Baqai et al. (13) did in 80%
of 10 patients with CA, 25% of 20 DM patients, 35% of 20
CRF patients by Kinyoun acid fast method; Hassanein et
al. (3) in 24% of 25 children with cancer by modified Ziehl-
Neelsen; Seyrafian et al. (14) in 11.5% of 104 CRF patients by
MAFS; Gil et al. (15) in 26.4% of 110 CRF patients by ELISA;
Raja et al. (16) in 53% of 644 patients with kidney transplan-
tation by modified Ziehl-Neelsen stain; Sulzyc-Bielicka et
al. (17) in 12.6% of 87 cancer patients by immunoenzymatic
tests; Al-Qobati et al. (18) in 30.1% of 206 cancer patients by
staining methods; Kulkarni et al. (19) in 12% of 137 AIDS pa-
tients with diarrheal by staining, and finally Dehkordy et

al. (20) in 5.1% of 176 immunocompromised patients with
ELISA.

Local studies from Turkey using serological test and/or
stain methods to detectCryptosporidium spp. in various im-
munocompromised patients also exist. Tamer et al. found
cryptosporidiosis in 12.35% of their patients by the ELISA
method and 7.86% by Kinyoun acid fast staining in a group
of 89 children with a diagnosis of leukemia/lymphoma
and diarrhea. No cryptosporidiosis was reported to be de-
tected in the 60 patients of the control group (21). There are
several other studies, one of which was done b Tanyüksel et
al. and reported that the parasite was detected using Ziehl-
Neelsen and Giemsa staining methods in 17% of the 106 pa-
tients with neoplasia and diarrhea (22), another study was
done by Ok et al. (23) and reported 39.1% positivity out of
69 renal transplant recipients, an additional study done by
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Sari et al. (24) found 6.4% positivity of 47 patients with CRF
by Kinyoun acid fast stain, and Sönmez Tamer et al. (25)
showed the parasite in 12.35% of 89 patients with leukemia
and lymphoma by the ELISA method.

We foundCryptosporidium spp. positivity in 11.3% of 300
immunocompromised patients (P < 0.01). The parasite
was encountered in the 3 control volunteers (3%) by only
the ELISA method. While DI patients (20% of them) mostly
had the parasite, the CRF group came in second (11.5%). The
best methods to detect the parasite were found to be ELISA,
MAFS, and CK, in a descending order.

Cryptosporidiosis, which is rarely seen in individuals
with normal immunity, is found at a much higher rate in
immunocompromised patients, as could be observed in
the abovementioned studies. In some studies, either sero-
logical or staining methods have been used to determine
the positivity of the parasite. However, in others, serologi-
cal and staining methods were used together, which is sim-
ilar to our study. Different results were obtained with these
different methods. When few oocysts were found in the
stool, the staining methods might not be sufficient for di-
agnosis. Thus, serological tests with high sensitivity and
specificity such as the ELISA method should be used to-
gether with the conventional staining tests.

Rosenblayt and Sloan (25) determined Cryptosporidium
spp. positivity in 100 of the 296 stool specimens with ELISA.
These researchers found that the ELISA sensitivity was 93%,
specificity was 99%, and the positive predictive value was
99%. Sonmez Tamer and Gulenc (26) reported that out of 80
stool samples, 3.75% were found to be positive for oocysts
of Cryptosporidium spp. with the acid-fast stain and 6.25%
were found to be positive with ELISA. In the study, the sen-
sitivity, specificity, negative predictive, and positive predic-
tive with Cryptosporidium ELISA kit were 60%, 100%, 97.4%,
and 100%, respectively. On the other hand, we have not
found any study regarding the CK method to determine
the prevalence of Cryptosporidium spp. in the literature.

In this study, the highest prevalence rate of Cryp-
tosporidium spp. is found, which is obtained by the ELISA
method. Assuming ELISA as a gold standard with 100% sen-
sitivity, MAFS is resulted to have 50% sensitivity, whereas
CK had 5.9%. The specificity of both the MAFS and CK meth-
ods were found to be 100%. Thus, it is not possible for the
CK method to be used as an alternative to ELISA and MAFS.
To our knowledge, there are no previous studies consider-
ing all three methods together. A number of diagnostic
modalities with varying sensitivities and specificities are
now available. Acid-fast stains out of conventional staining
methods for detection of Cryptosporidium spp. are more re-
liable, specific, and accurate. The ELISA method with a stan-
dardized antigen-detection capacity in stool specimens is
highly preferred since it is rapid and easy to perform, hav-

ing a higher sensitivity and specificity compared to other
conventional microscopic methods (2, 9, 11).

5.1. Conclusion

In brief, it is concluded that Cryptosporidium spp.
should be considered in immunocompromised patients
who have diarrhea, and ELISA is the method that must be
chosen for detection of the parasite. MAFS and CK should
be performed together if ELISA is not available. The single
use of the CK method will be inadequate for diagnosis of
cryptosporidiosis.
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