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Abstract: Cryptosporidium spp. is a 4-6 pm coccidian parasite causing mild to
fulminant diarrhoea especially in immunocompromised persons. It remains largely
under-diagnosed by using current routine diagnostic techniques in microbiology
laboratories. The aim of our study was to compare four different diagnostic techniques
for the detection of Cryptosporidium spp. in faecal specimens in cases of both acute
and chronic diarrhoea. The present study was carried out in the Department of
Microbiology for the detection of Cryptosporidium spp. in stool samples collected from
177 children suffering from diarrhoea. All the stool samples were examined
microscopically after concentration by the formol-ether sedimentation technique.
Sediments were examined by iodine-stained wet mount preparations and were stained
with two staining techniques — Modified Ziehl Neelsen (Z-N) and Safranine methylene
blue staining techniques. Samples were further subjected to Enzyme Linked
Immunosorbent Assay (ELISA). Chi-square and z tests were used to compare
differences between the groups. A p value of < 0.05 was considered significant. ELISA
gave the highest rate of positivity (12.99%) followed by Safranine methylene blue
staining and Z-N staining in which the yield was 11.9%. The wet mount preparation
technique yielded the lowest number of positive samples (9%). We considered
cryptosporidiosis to be a definite diagnosis if the organisms were found in any two of
the four techniques. The overall prevalence of Cryptosporidium spp. was found to be
11.9%. Both the conventional staining methods and ELISA had similarities in
sensitivity and sensitivity patterns. The conventional staining methods were found to
be more cost-effective in comparison to ELISA but were found to be time-consuming,
labour-intensive and required greater skill and experience.
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INTRODUCTION

For the routine diagnosis of cryptosporidiosis,

Cryptosporidium spp.have emerged as an
important cause of diarrhoea among humans and
animals [1]. It is a 4- to 6- um coccidian parasite
infecting the intestinal tract of humans. It causes mild to
fulminant diarrhoea in patients, especially in
immunocompromised persons. Children and elderly are
at risk for more severe infections [2, 3].

Cryptosporidiosis is prevalent worldwide. Its
prevalence varies widely in different parts of the world.
A review of 78 reports showed Cryptosporidium spp.
infection in 2.1% and 6.1% of immunocompetent
persons with diarrhoea in industrialized and developing
countries respectively [4].

either fresh or preserved specimens are examined using
the routine stool formalin-ethyl acetate sedimentation or
Sheathers sugar floatation technique and microscopic
examination of smears by the modified acid-fast,
safranine-methylene blue or auramine rhodamine stains
. The use of immunoassays has proven to be very
helpful in providing a very sensitive method of
detecting organisms in stool specimens [2, 5]. Assays
based on immunofluorescence methods are more
sensitive than conventional staining methods [6, 7].
PCR technology is more sensitive and easier to interpret
but requires more ‘hands-on’ time and expertise, as well
as being more expensive. Unlike the ELISA and PCR
techniques, which may not distinguish between active
and resolved infections, microscopy has the advantage
of indicating active infections [8]. We conducted a
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study to compare four different diagnostic techniques
for the detection of Cryptosporidium spp. in faecal
specimens in cases of both acute and chronic diarrhoea
taking into account several attributes of diagnostic
testing like ease of use, ease of interpretation,
performance and cost.

MATERIAL AND METHODS:

The present study was carried out in the
Department of Microbiology for the detection of
Cryptosporidium sp. on stool samples from children
attending the out-patient and in-patient sections of
Department of Paediatrics at J. N. Medical College,
AMU, Aligarh over a period of one and a half years. A
total of 177 children up to the age of 12 years suffering
from diarrhoea were selected. Patients who had
received anti-parasitic drugs within 3-4 weeks were not
included in the study. Informed consent was obtained
from each study participant/ parents/ guardians.

A portion of each specimen was immediately
frozen at -20°C until further processing for
Cryptosporidium antigen detection by Enzyme Linked
Immunosorbent Assay (ELISA). All the stool samples
were examined microscopically after concentration by
the formol-ether technique [9].

Wet mount preparations

A drop of Lugol’s iodine solution was placed
on the slide. Using an applicator stick, a small amount
of fresh specimen was mixed with the drop. The

preparation was covered with a coverslip. lodine wet
mount helped to study nuclear details of protozoan cysts
and glycogen inclusions [9]. Lugol’s 1% iodine was
also used to differentiate Cryptosporidium spp. oocysts
from yeast cells: the former do not accept the iodine
stain, so they appear transparent; yeast cells accept the
stain and appear deep yellow [10].

Staining Methods

All the smears were stained by the Modified
Ziehl Neelsen technique and the Safranine-methylene
blue staining technique. Modified Ziehl Neelsen
Staining was performed according to the procedure
described by Henriksen and Pohlenz [11]. The
Safranine-Methylene blue staining method was
performed according to the protocol given by Baxby
and Blundell [12].

ELISA

The Cryptosporidium Microwell ELISA was
performed using the kit manufactured by 1VD Research
Inc. Carlsbad, CA, US. as per the manufacturer’s
instructions.  The results were read visually or at
450/620-650 nm.

Statistical Analysis

Chi-square and z tests were used to compare
differences between the groups. A p value of <0.05 was
considered significant.

RESULTS

Table-1: Detection of Cryptosporidium by Individual Diagnostic Methods (n=177)

Tests Positive cases (%)
1. Wet mount preparation 16 (9)
2. Modified Z-N staining 21 (11.9)
3. Safranine methylene blue staining 21 (11.9)
4. ELISA 23 (12.99)

Figures in parentheses indicate percentage

e Out of 23, 20 of the samples were also
microscopy-positive. 3 samples which were
detected by ELISA could not be confirmed by
staining techniques. However, 1 sample which
was microscopy-positive was negative by
ELISA.

e Till date, there is no approved ‘gold standard’
for the detection of Cryptosporidium in human
stool specimens. Therefore, we considered

cryptosporidiosis to be a definite diagnosis if
the organisms were found in any two of the
four techniques.

e There were 21 samples for which confirmed
identification was made by any two of the
tests.

e The overall prevalence of Cryptosporidium
was found to be 11.9%.

Table-2: Detection of Cryptosporidium by Combinations of Two Methods (n=177)

a.  Wet mount + Modified Z-N staining 16 (9)
b. Wet mount + Safranine methylene blue staining 16 (9)
c. Wetmount + ELISA 16 (9)
d. Modified Z-N staining + ELISA 20 (11.3)
e. Modified Z-N staining + Safranine methylene blue staining 21 (11.9)
f. Safranine methylene blue staining + ELISA 20 (11.3)

Figures in parentheses indicate percentage
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Table-3: Comparison of Four Methods in Diagnosis of Cryptosporidium (n=177)

Tests Sensitivity (%) Specificity (%) Predictive Value (%)
Positive (PPV) Negative (NPV)
Wet mount 76.2 100 96.9
preparation
Modified Z-N 100 100 100
staining
Safranine 100 100 100
methylene blue
staining
ELISA 95.2 87 994
Table-5: Detection of Cryptosporidium by Different Combinations of the Methods (n=177)
Test Number
2. Any of the 4 tests positive 24 (13.56)
3. Any 3 tests positive
a.  Wet mount + Modified Z-N staining + Safranine methylene blue 16 (9.04)
staining
b. Wet mount + Modified Z-N staining + ELISA 16 (9.04)
c.  Wet mount + Safranine methylene blue staining + ELISA 16 (9.04)
d. Safranine methylene blue staining + Modified Z-N staining + 20 (11. 3)
ELISA
4. Any 2 tests positive
a.  Wet mount + Modified Z-N staining 16 (9.04)
b.  Wet mount + Safranine methylene blue staining 16 (9.04)
c. Wetmount + ELISA 16 (9.04)
d. Modified Z-N staining + ELISA 20 (11.3)
e. Modified Z-N staining + Safranine methylene blue staining 21 (11.9)
f.  Safranine methylene blue staining + ELISA 20 (11.3)
5. Only ELISA positive 317
6. All the 4 tests positive 16 (9)

Figures in parentheses indicate percentage

Table 13 shows the comparison of the four
methods used in diagnosis of Cryptosporidium. When
wet mount was used in combination of any 2 or 3 of the
remaining tests, the isolation rates were 16 (9%).
However when wet mount was excluded, the isolation
rates increased to 20 (11.3%) by the combination of the
other 3 tests. When any 2 methods were taken, the
combinations of Safranine methylene blue staining with
ELISA and modified Z-N staining with ELISA both
yielded 20 (11.3%) positive samples. But the
combination of modified Z-N staining with safranine
methylene blue staining yielded 21 (11.9%) positive
samples. For the purpose of our study we have
considered 21 (11.9%) samples to be confirmed
positive.

DISCUSSION

The study aimed to compare the different methods
used for the diagnosis of Cryptosporidium. Various
tests were employed to detect Cryptosporidium oocysts
in the stool samples of 177 children. The aim of this
work was to compare the utility of ELISA techniques
with conventional microscopy.

Examination with Lugol’s iodine, the sediment
of formalin-ether concentration, yielded only 16 of a
total of 177 samples (9%). The sensitivity and
specificity of the test came out to be 76.2% and 100%.
Martina Sanchez et al. have also reported a low yield of
iodine wet mount preparation (40%) in their study [13].
Mahgoub et al. reported a yield of only 17.3% when
direct wet mount with iodine was performed [10]. Since
the Cryptosporidium oocyst is very small in size, it can
easily be mistaken in stool debris for artefacts. Also, it
is easy to confuse with other oocysts, such as those of
Cyclospora spp., and cells, especially yeast cells, which
resemble Cryptosporidium oocysts in size and
morphology [14].

The results were then compared with Modified
Ziehl-Neelsen and Safranine methylene blue staining
techniques which confirmed the results of wet mount
preparation. In addition, both detected 5 more samples
which were negative by wet mount examination. Hence,
both the staining methods gave a total yield of 21
(11.99%) cases. The sensitivity and specificity of both
the tests were found to be 100%. Interestingly, both
showed an excellent diagnostic correlation. Sethi et al.
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have also shown an excellent correlation between the
two staining techniques [15]. However, Bogaerts et al.
have revealed in their study that safranine methylene
blue combined the same specificity as the Ziehl-
Neelsen method with greater sensitivity. This was
explained by the occurrence on the Ziehl-stained smears
of empty ‘ghosts’ having the typical size and shape of
the oocysts [16]. In contrast to this, a few authors have
reported that it is difficult to find oocysts by safranine
methylene blue staining method when the oocysts are
few [17, 18].

When ELISA was performed on 177 samples,
23 (12.99%) yielded positive results. Out of 23, 20 of
the samples were also microscopy-positive. 3 samples
which were detected by ELISA could not be confirmed
by staining techniques. However, 1 sample which was
microscopy-positive was negative by ELISA. If we had
considered all the samples detected by any one of the 4
methods as confirmed positive, the yield would have
been 24 out of 177 (13.56%). Taking the combination
of any 3 tests as positive, the yield would have been 20
(11.3%). Since no ‘gold standard” for the detection of
Cryptosporidium oocysts in human stool specimens has
yet been established, we considered cryptosporidiosis to
be a definite diagnosis if the organisms were found in
any two of the four techniques employed [19]. There
were 21 samples for which confirmed identification was
made by any two of the tests; for the remaining 3
samples, confirmed identification could not be made.
Hence, 21 (11.86%) samples were considered positive
in our study.

The ELISA for Cryptosporidium antigen
detection in faecal specimens described here offers a
diagnostic alternative to direct microscopy. The
sensitivity, specificity and positive predictive value of
the assay were 95.2%, 98.1% and 87% respectively. In
the 3 ELISA- positive and microscopy- negative cases,
ELISA may have detected cryptosporidiosis more
efficiently than other means of diagnosis and may be
important in identifying persons not actively excreting
oocysts at the time of specimen collection [20]. Another
possibility may be that the above mentioned cases may
be recovering from cryptosporidiosis and may represent
the continued presence of cryptosporidial antigens in
the stool without the presence of whole oocysts [21].
Samples positive only on ELISA may therefore not be
false-positives. Nevertheless, for the sake of this study,
these results were considered discordant.

The failure of the ELISA to detect infection in
1 specimen which was microscopy - positive may
suggest that these specimens contained antigen that was
inaccessible or not recognized by the detecting
polyclonal antibodies. In an infected individual,
different antigens may be present and detectable at
different life cycle stages of the parasite. Another

possibility, particularly in Indian patients may be that
Cryptosporidium isolates are antigenically distinct from
the isolates from the United States used to produce
antisera. Particularly, in our set-up where there are
frequent power-cuts, the specimen might have
undergone repeated freezing and thawing and may have
lost recognizable antigen. Alternatively, the inability of
the ELISA to detect Cryptosporidium antigen from this
patient may simply mean that these samples contained
an amount of free antigen below the sensitivity of this
assay [22].

Several reports with other versions of an
ELISA for detecting Cryptosporidium spp. in stool
specimens are available. Baveja undertook a study in a
Delhi hospital to compare the efficacy of ELISA in
comparison to Modified Ziehl-Neelsen staining and
found it to be 100% sensitive and 99.1% specific [23].
Rosenblatt and Sloan reported that a commercially
available EIA was 93% sensitive and 99% specific as
compared with Ziehl-Neelsen staining and the IFA [24].
Dagan et al. evaluated the diagnostic utility of a
commercially available EIA and reported both the
sensitivity and specificity to be 98% [25]. Parisi and
Tierno compared the results of EIA with those of
Modified Ziehl-Neelsen staining and found the
sensitivity to be 100% while specificity was 98.5%
[26]. Garcia and Shimizu evaluated two ELISA Kits for
Cryptosporidium and found that the sensitivity ranged
from 98% to 99% and specificities were 100% [7].

In the present study, no significant difference
was seen in the sensitivities of the staining techniques
and ELISA. Previous studies have also found similar
results for the two methods [27, 28, 21, 24].

The conventionally stained smears are difficult
to interpret requiring examination at 100x oil
magnification to identify the organisms. They are also
prone to error if staff is inexperienced; difficulties in
distinguishing Cryptosporidium oocysts from non-
cryptosporidial bodies have been reported [29]. The
EIAs can be easily read visually, or with a
spectrophotometer.

In addition, the ELISA kit is far less time-
consuming than microscopy if more than several
samples are to be examined. Because there is currently
no treatment for Cryptosporidium infection and quick
diagnosis is therefore not essential, samples batched and
run by ELISA may represent significant time savings
for a busy parasitology laboratory [21].

Nina et al. have reported that the antigenic
differences between isolates of C. parvum are not
marked [30]. The presence of these common antigens
provides some assurance that immunoassays are
efficient in detecting antigens of C. parvum from a
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variety of different patients. This has also been proved
in our study. The fact that high sensitivity and
specificity were obtained from specimens tested in our
country, while the kit was prepared and pretested in the
United States, is reassuring with regard to the potential
universal application of this test.

CONCLUSION

The study reflects that since the sensitivity and
specificity of the methods are comparable, the choice of
method must be based on other criteria such as ease of
use, ease of interpretation and cost, in addition to
performance.

The conventional microscopic methods are
cumbersome and require initial processing of the
specimens prior to staining i.e. concentration of the
stool specimens. In contrast, the ELISA is easy to
perform, samples are easy to prepare and eliminates
some of the skill needed in performing labour intensive
concentration and staining procedures. The fact that the
test can be performed on unprocessed stool specimens
and that vresult can be read visually or
spectrophotometrically renders this test a simple one to
perform.

Cost may be a limiting feature of the ELISA
kit. The conventional microscopic techniques in
comparison to ELISA are quite cheaper especially when
used for a small number of cases.

The presently studied ELISA offers a
combination of high sensitivity, specificity and
simplicity without the need for laborious and skilled
work that is involved in the standard diagnostic
techniques. It is particularly useful in laboratories not
accustomed to diagnosing cryptosporidiosis often, in
epidemiologic  studies in  need of diagnostic
standardization, and in situations when batch specimen
processing may be crucial.
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