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Intestinal Cryptosporidiosis and the
Profile of the CD, Gounts in a Gohort

of HIV Infected Patients

ABSTRACT

Background: Cryptosporidium is an infectious enteric
pathogen which is capable of causing life-threatening illnesses
in immunocompromised patients.

Aims: This prospective study was planned to know the
frequency of intestinal cryptosporidiosis in HIV infected
patients and its correlation with their immune status. Also,
the conventional diagnostic methods were compared with the
copro-antigen detection test by using Enzyme Linked Immuno
Sorbent Assay (ELISA).

Settings and Design: This was a prospective cohort study.

Methods and Material: Three consecutive stool samples
which were collected from 90 HIV seropositive patients and 50
seronegative controls were screened for cryptosporidiosis by
wet mount, direct modified ZN (Ziehl Neelsen) staining, modified
ZN staining with formol ether concentration and copro-antigen
detection by ELISA. Their immune statuses were measured by
CD, + cell counting.
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INTRODUCTION

Cryptosporidium is a coccidial protozoan parasite that infects
humans and animals. Cryptosporidium was first recognized
in the gastric glands of laboratory mice by EE Tyzzer in 1907.
The infection occurs through the ingestion of environmentally
resistant oocysts. It causes short term gastrointestinal illnesses in
immunocompetent patients with debilitating diarrhoea, which are
often accompanied by severe abdominal cramps, weight loss,
anorexia, malaise and low grade fever which lasts for a longer
duration in immune deficient patients with no curative protocols
[1- 3]. The diagnosis of cryptosporidiosis is established by the
visualization of oocysts by using concentration and staining
procedures in stool, duodenal aspirates and in tissue samples
[3]. These methods are of low sensitivity and arduous serological
methods like Cryptosporidium Specific Antigen (CSA) detection
by ELISA [4-6]. An early rapid diagnosis of cryptosporidiosis
benefits the patients and the physicians as it limits further
evaluation and decreases the use of an empirical therapy [7].

MATERIALS AND METHODS

This study was conducted over a period of 18 months at
Kempegowda Institute of Medical Sciences Hospital and Research
Centre, a tertiary care hospital which caters to the people in and
around Bangalore, India. The criteria for inclusion in the study
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Statistical Analytical Tests which were Used: Odds ratio,
Chi square test, Fisher extract test.

Results: Cryptosporidiosis was detected in 15 HIV seropositive
cases. 13 cases had CD, cell counts of < 100 cells/ L. The
formol ether concentration technique resulted in an increased
number of oocysts/oil immersion field in 8 cases. ELISA
was positive in 2 cases which were shown to be negative
by modified ZN staining. All the controls were negative for
cryptosporidium.

Conclusions: Cryptosporidiosis is an opportunistic infection in
HIV infected people who present with diarrhoea. The wet mount
technique, though it is simple and inexpensive, is insensitive for
the detection of cryptosporidium. The conventional modified
ZN staining and the modified ZN staining with concentration
have a sensitivity and a specificity of 85.71% and 98.84%
respectively. The copro antigen detection by ELISA which
has a greater sensitivity and specificity, is a useful tool in
epidemiological studies.

Cryptosporidiosis, HIV/AIDS, CD, counts, Modified ZN staining, ELISA

was HIV seropositive patients, irrespective of their ages and CD,
cell counts. Fifty age and sex matched healthy individuals were
included as the controls. HIV seronegative individuals with other
illnesses were excluded from the study. The present study reported
the commonness of cryptosporidiosis in the HIV seropositive
patients who sought care at our institution. It has also correlated
the infection with the patients’ CD, cell counts. The diagnostic
techniques have also been evaluated for their efficacy and
epidemiological usefulness.

The institutional ethics committee approved the study. A total of
140 subjects were incorporated into this study, who consisted of
90 HIV seropositive patients and 50 seronegative controls. The HIV
infection in these patients was evaluated according to the NACO
guidelines [8]. The CD, +cell counts of the seropositive patients
were measured with a flow cytometer (BD FACS Count).

Stool examination: Stool samples were collected from each
subject, on three consecutive days, according to the NCCLS
guidelines [9]. All the stool samples were fixed in 10 percent formol
saline. The smears of direct and concentrated (formol ether
concentration) specimens were subjected to wet mount (0.85%
NaCl solution) and iodine mount (Lugol’s iodine) preparations for
the detection of ova, larvae, trophozoites and cysts of intestinal
parasites.
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The specimens were screened for cryptosporidium by the
modified acid-fast staining (1% HCL in alcohol) before and after
the concentration technique was done [4,10].

The Cryptosporidium copro-antigen was detected by using an
FDA approved, commercially available ELISA kit (Ridascreen R
cryptosporidium kit - BioPharm AG, Germany). This ELISA kit
contains micro titre wells which are coated with Cryptosporidium
specific antibodies to detect the cryptosporidium antigen which is
presentin the stool samples. The protocol which was recommended
by the manufacturers, was followed [11].

A biostatistical analysis was done by applying the Odds ratio, the
Chi square test, the Fisher extract test.

RESULTS

15 out of the 90 HIV patients were positive for cryptosporidium. Out
of the 15 positives, 6 (40%) had acute diarrhoea and 7 (46.7%) had
chronic diarrhoea, with 2 (13.33%) cases being asymptomatic. The
associated symptoms were generalized weakness 12/15 (80%),
weight loss 9/15 (60%), abdominal cramps 5/15 (33.33%), vomiting
4/15 (26.7%), nausea 3/15 (20%) and fever 2/15 (13.33%).

The Cryptosporidium oocysts were more frequently associated
with mucus mixed stool samples eight out of 15 cases, with a p
value of < 0.001 and an Odds ratio of 23.14, in comparison to
watery (5/15) , semisolid (2/15) and formed stool samples.

The detection of the cryptosporidium oocysts by wet mount,
modified ZN staining (with / without concentration) and ELISA has
been analyzed in [Table/Fig-1].

In the modified ZN staining, the oocysts were characteristically
found to be round or slightly ovoid, with a size of about 4.5-5 um

Wet mount Modified ZN staining | ELISA
Before Before Before Before
Concentration | Concentration | Concentration | Concentration
Positive 1 1 13 13 14
Negative 89 89 77 77 76

[Table/Fig-1]: Comparison of Wet mount, Modified ZN Staining,

Formol ether concentration and ELISA in detection of Cryptosporidium
oocysts

CD4 counts/ul HIV (n=90) Number of
Cryptosporidium
infection (n=15)
>100 28 (31.08%) 12 (80%)
101-250 48(53.28%) 3(20%)
>250 14(15.54%) -

[Table/Fig-2]: Association of CD, counts with Cryptosporidium

infection

Parasites detected HIV (n=100) Non-HIV (n=50)
1. Ascarislumbricoides. 4 (4.0%) 4 (8.0%)

2. Ankylostomaduodenale. 2 (2.0%) 3 (6.0%)

3. Trichuristrichuiria. 1(1.0%) 1(2.0%)

4. Enterobiasvermicularis 1(1.0%) 1(2.0%)

5. Entamoebahistolytica 3 (3.0%) 3 (6.0%)

6. Cryptosporidium 15 (15.0%) -

7. Isospora belli 4 (4.0%) -

8. Cyclosporacyatenensis 1(1.0%) -

[Table/Fig-3]: Non opportunistic Parasites detected in stool samples of

HIV seropositive &Seronegative individuals
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Study Region Number Methodology | Percentage of
done by of cases cryptosporidium

included in prevalence

the study
Aruna Northern | 100 HIV Modified ZN 13.63%
Agarwal [15] India seropositives | Staining
Kava Northern | 120 HIV Modified ZN 10.8%
Mohandas [16] | India seropositives | Staining
S.V. Western 137 HIV Modified ZN 12%
Kulkarni [17] India seropositives | Staining

with diarrhoea
LekhaTuli [18] Eastern 366 HIV Modified ZN 21%

India seropositives | Staining &
with diarrhoea | Modified
Safranin
staining

Satheesh Southern | 150 HIV Modified ZN 14%
S.Kumar [19] India seropositives | Staining
Singh Southern | 100 HIV Modified ZN 47%
A.Bairy [20] India seropositives | Staining

[Table/Fig-4]: Prevalence of cryptosporidium

(range-4-6um). The acid fastness of the oocysts within a smear
and between the specimens was variable. The oocysts showed
variation from an unstained to a partial red staining to a complete
staining. Fully sporulated forms could be found in which, red
staining crescentric bodies, the sporozoites, could be seen inside
an unstained oocyst wall (Note: The Cryptosporidium in histological
sections and in empty excysted oocysts are not acid fast.) Care
needs to be used in the interpretations, as a variety of structures
can be confused with oocysts (the so called cryptosporidium like
bodies). These include fungal spores (6-10 um) that are slightly
larger than the cryptosporium oocysts (4-6um), mould spores, fat
globules and bacterial spores. But these can be distinguished on
the basis of their sizes. Excessive ZN staining can result in false
positive reactions in yeast cells [12].

ELISA was positive in one sample, which was found to be
negative by the modified ZN staining. The sensitivity and the
specificity of ELISA, as compared to those of the modified ZN
staining, were found to be 92.30 and 97.40 respectively, with a
positive predictive value of 85.71 and a negative predictive value
of 98.68.

Correlation of the cryptosporidium infection in HIV patients with
their CD, cell counts, proved that the patients with CD, counts of
<100/ul were 6.09 times more likely to have the Cryptosporidium
infection, with a p value of 0.002. None of the patients with CD,
counts of >250/ul had the infection. All the seronegative controls
were also negative for Cryptosporidium [Table/Fig-2]. The other
parasites detected in the study is shown in [Table/Fig-3].

DISCUSSION

Intestinal parasitic infestations in HIV infected patients with an
impaired immunity will result in severe diarrhoeal symptoms.
Among these, cryptosporidiosis is one of the major causes of
opportunistic intestinal coccidiosis [2, 3].

The diagnosis of Cryptosporidiosis is made by the identification
of the oocysts in stool, duodenal aspirates or in tissue samples.
The fresh or preserved stool specimens can be subjected to
concentration and staining procedures for the visualization of the
cryptosporidium oocysts. The Formol ether concentration, the
modified cold Kinyoun acid fast staining and immunofluorescent
techniques are the popular methods which are used in diagnostic
laboratories [3,4,13]. However these methods are laborious
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and time consuming requiring skill and experience with low
sensitivities as compared to specific antigen detection by ELISA
[6-7]. The serological assays which measure the IgM and the
IgG responses to the 17 kDA and the 27 kDA cryptosporidium
antigens, provide an alternative to the parasitologic methods
for monitoring the cryptosporidium infection [3,14]. Several real
time PCR procedures are being evaluated for the genotyping
and speciation of cryptosporidium. Cell culture and animal
models are being used for evaluating chemotherapeutic and
immunotherapeutic agents, [3,13].

An established curative therapy is not available for this parasito-
sis as yet?. The presently available agents include parmomycin,
spiramycin, clarithromycin and nitroxanide. lonophores such as
Lasalocid and maduramycin are moderately effective [3,13].

A failure in diagnosing cryptosporidiosis in immunocompetent
patients with diarrhoea, will rarely be of significance, as the disease
is self-limiting. In contrast, the diagnosis of cryptosporidiosis is
essential in immunocompromised patients, because of its severity
and its interference with therapeutical procedures [5, 7].

There are few studies that have tried to define the prevalence
of cryptosporidium in HIV-positive individuals in India. Studies
which were done across the country have reported a prevalence
of 10.8- 47% in this group [Table/Fig 4], [15-20].

In the present study, Cryptosporidiosis was present in 15%
HIV seropositive patients. It was found to be 16.9 times more
common in HIV positive patients as compared to the HIV negative
group (p<0.003).

Among those who were positive for cryptosporidium, a significant
number had diarrhoea (13/15-6 acute and 7 chronic diarrhoea),
generalized weakness (13/15) and weight loss (12/15). This
clinical profile parallels with the findings which have been
reported by Kumar S S et al., Kava Mohandas et al., and Claudio
Viera Silva et al., [19,16,5]. The Cryptosporidium oocysts were
commonly associated with stool samples which were mixed with
mucus (53.3%) than with watery (33.3%) and semisolid stools
(13.3%) [21].

The detection of Cryptosporidium and other protozoal parasites
is a challenge which involves the examination of small or large
bowel biopsy materials with different staining techniques and
their modifications. These include methods like the modified ZN
staining, Safranin staining Dimethyl sulfoxide staining, Giemsa
staining, Auramine-rhodamine staining, immunofluorescence
staining and so on. Many of these techniques are cumbersome
and time consuming, with variable sensitivities and specificities,
which result in missing of the parasites if just one method is used.
If the yield, cost, ease of handling and the ability to process large
numbers of specimens are given equal weightage, the Ziehl
Neelsen staining would rank first, followed by the Auramine-
rhodamine staining and the Giemsa staining [22].

The wet mount examination (with iodine) is used mainly for
screening the stool samples which are suspected to have
intestinal parasites. In the present study, it could detect only one
case. The poor detection of the cryptosporidium oocysts by wet
mount may be because of the lesser number of oocysts in the
stool samples of varied consistencies [18].

The Modified ZN staining is regularly used as it is moderately
inexpensive, specimens can be stained in batches and the slides
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can be stored as a permanent record. This staining can also be
used to show oocysts in the sputum, in bronchial washings and in
duodenal and jejunal aspirations. The detection limit of this staining
technique is 1x10° oocysts /ml of faeces [22, 23]. The recovery of
the cryptosporidium oocysts in the present study by the modified
ZN staining (13/90) was comparable with the findings of Aruna
Agarwal (18/100) and Kava Mohandas (13/120) [15,16].

Concentration of the stool samples by Sheather’s sugar floatation
(SSF) or Formol ether concentration is a prerequisite for getting a
better yield of the cryptosporium oocyts for microscopy. Despite
the disadvantage of the irritation which is caused by formalin and
ether, the carcinogenic potential of formalin and the inflammability
of ether, the Formol ether concentration technique is preferred to
SSF because it has several advantages like -formalin inactivates
the oocyst and the ether or ethyl acetate helps in extracting fats
from the faecal sample, which sequentially help in dispersion of
the oocysts into the aqueous phase [7,24]. With the use of the
formol ether concentration technique, in our study, there was an
increase in the number of cryptosporidium oocysts/oil immersion
field, though there was no increase in the number of positives.
These findings were similar to the observations of Akujobi from
Nigeria [25].

Serological methods like ELISA are rapid and sensitive techniques
which can provide an early diagnosis of these cryptosporidium
infections and the results can influence the therapeutic
interventions [18]. The Cryptosporidium specific antigens (40, 41,
47 kDA antigens) are detected by qualitative immunoenzymatic
microplate assay/ELISAand Rapidimmunochromatographictests.
Fresh/ formalin/sodium acetate- acetic acid-formalin preserved
stool samples can be used. The samples which are preserved in
polyvinyl alcohol are not suitable for ELISA. ELISA does not require
concentration of the stool samples as a prerequisite. This test can
detect 10%-10* oocysts / ml. ELISA may be an alternative method
for detecting the cryptosporidium-specific copro antigen in HIV/
AIDS patients [23]. Since many false positives and negatives
are being reported, it is not recommended as a sole screening
test. The other disadvantage of ELISA is its failure in detecting
very low number of ooysts in asymptomatic individuals [6]. A
factor which complicates the comparison of the copro-antigen
detection is the absence of a true reference standard. In general,
the reference standard is based on the microscopical pathogen
detection, a method that is impossible to standardize, as it is
influenced significantly by the individual skills of the microscopists
who are involved. Additionally, an uneven distribution of parasites
and a difficulty in homogenizing the solid specimen contribute to
the false negative results [26]. To overcome these limitations, the
reference standard in the present study was not based entirely on
the microscopical methods, but we also took into account, the
results of the copro-antigen tests.

The sensitivity and the specificity of the modified ZN staining
were 85.71% and 98.8% and that of ELISA were 92.31% and
97.70% respectively. These findings correlated with those of other
studies,with the sensitivity and specificity of ELISA in detecting
cryptosporidiosis as 87.9 % & 100% by Robert d. Newman et al
,Virginial6] , 93 % & 99% by Mary T. Parisi, New York [7] , 93.25%
and 97% as were reported by Lekha Tuli et al., Varanasi, India
[18],93 % & 99 % by Jone E . Rosenblatt et al ., Minnesota [23]
and 94 % & 99 % by Karen Sue C. Kehl, Atlanta , Georgia [27].
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The main advantages of ELISA are, that it can be easily
interpreted and that it requires lesser time in comparison with
the modified ZN staining, when large numbers of samples have
to be screened. Stool ELISA offers a simple and a cost effective
alternative to the conventional microscopy for the routine diagnosis
of the cryptosporidium infection in diarrhoeal stool samples. The
patients who are negative by ELISA, but who still tend to pose
a high clinical suspicion of the cryptosporidium infection, should
undergo several different methods of staining procedures for the
microscopic examination, which remains the standard for the
diagnosis of this infection [2,7].

Experimental models have shown that the CD,+ T cells and
interferon-y, together are required to prevent the cryptosporidium
infection. The CD, cells limit the duration of the infection, whereas
IFN-y limits its intensity [13]. There is good evidence that the risk of
the faecal carriage, the severity of the iliness, and the occurrence of
unusual complications of cryptosporidiosis are directly proportional
to the CD, counts. The high prevalence of Cryptosporidium spp. in
AIDS patients probably relates to the augmented risk of acquiring
the infection from infected contacts and a prolonged excretion,
which consecutively enhance the risk of subsequent transmissions.
One therapeutic intervention that has a remarkable effect on the
cryptosporidiosis in AIDS patients is antiretroviral therapy, which
leads to recovery of the CD, counts [28].

Correlation of the cryptosporidium infection with the CD,
counts of the patients in the present study, showed that the HIV
patients with CD, counts of <100 cells/uL were 6.09 times more
susceptible for the cryptosporidium infection, with a p value of
0.002. The results were consistent with those of the studies of
Javid Sudrei and Viroj Wiwanitkit, which reported cryptosporidium
as an opportunistic infection in HIV seropositive patients with CD,
cell counts of < 200/ pL [29,30].

CONCLUSIONS

The Cryptosporidium infection was significantly found in HIV
patients with CD, counts of <100 cells/ pyL and in those who
suffered from diarrhoea. Cryptosporidial Coproantigen ELISA offers
a diagnostic alternative to the conventional direct microscopy, as
it is simple, cost effective and do not require skill and proficiency
for the morphological detection and recognition of the oocyst. It
has been recommended that HIV patients with CD, counts of <
200 cells/ pL should be screened for intestinal coccidial parasites,
as prophylactic measures and early interventions will significantly
alter the course and the outcome of these infections.
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