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ABSTRACT
Severe life-threatening diarrheal disease is a common complication of infection with HIV. Cryptosporidium has
gained importance as an AIDS indicator disease and a cause of intractable diarrhoea in immunosuppressed
individuals. With the increasing number of individuals with HIV, cancer patients and malnourished children
suffering from diarrheal illness, need for the easy, cheap and quick method for diagnosis is required to reduce the
morbidity. There for, this study was conducted to detect Cryptosporidium oocysts in the stool samples of HIVinfected patients using Kinyoun Cold Acid Fast (KCAF) staining in concentrated stool and to compare these results
with that obtained by ELISA technique. Stool specimens were collected from HIV positive patients with (n= 90)
and without (n=90) diarrhea along with their HIV negative counterparts (n=200) and examined using Kinyoun
Cold Acid Fast (KCAF) staining method to identify Cryptosporidium oocysts. ELISA using Cryptosporidium
microplate assays for detection of Cryptosporidium antigen was also conducted on all stool specimens. The overall
prevalence of Cryptosporidium was found to be 42/380 (11.1%) and 57/380 (15%) by KCAF staining and ELISA
respectively. Detection of Cryptosporidium in HIV positive subjects with diarrhea by KCAF staining was 18
(20%) and by ELISA the detection rate went up to 28 (31.1%). All detailed results were statistically compared
taking KCAF staining as gold standard which revealed ELISA method to have sensitivity of 83.88% and
specificity of 96.55%. Microscopic examinations for ova, cysts and larvae of other parasites were also done using
saline and Lugol's iodine preparations. Keeping in mind the present scenario of HIV infection in Sudan and more
so in Khartoum and Kosti, it is recommended to include detection of Cryptosporidium oocysts in routine
parasitological examination of stool specimens.
KEYWORDS: Cryptosporidiosis, ELISA for Cryptosporidium antigen, Kinyoun Cold Acid Fast (KCAF) staining,
direct stool examination, Kosti, Sudan.
INTRODUCTION
HIV infected persons like other immunosuppressed
individuals, develop serious opportunistic infections.
However, all organisms don’t represent an equal threat.[1]
Almost 80% of patients with AIDS die from infections
other than human immunodeficiency virus HIV.[2] The
gastrointestinal tract is the major surface where contact
between man and environment takes place. At sometimes
during the clinical course of HIV, diarrhea occurs in
almost ninety percent of patients in developing
countries[3] and is the presenting symptom of
approximately a third of patients with HIV.[4] Although
HIV-associated parasites are highly prevalence in the
Sudan, very few information is available about their
accurate diagnosis. Evidenced by deficient data, even the
little obtained is unpublished or concentrated on few
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specific diseases. Cryptosporidium is a coccidian
protozoan parasite that has gained much attention in the
last 20 years as a clinically important human pathogen.
The discovery of Cryptosporidium is usually associated
with E.E. Tyzzer, who, in 1907, described a cellassociated organism in the gastric mucosa of mice.[5] For
several decades, Cryptosporidium was thought to be a
rare, opportunistic animal pathogen, but the first case of
human cryptosporidiosis in 1976 involved a 3-year-old
girl from rural Tennessee who suffered severe
gastroenteritis for two weeks.[6] Electron microscopic
examination of the intestinal mucosa led to the discovery
that Cryptosporidium parvum was the infectious species
in humans. In the early 1980s, the strong association
between cases of cryptosporidiosis and immunodeficient
individuals (such as those with AIDS) brought
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Cryptosporidium to the forefront as a ubiquitous human
pathogen. Presently, the increasing population of
immunocompromised persons and the various outbreaks
of cryptosporidiosis through infection by water-borne
Cryptosporidium oocysts (often in drinking water) have
placed an even greater emphasis on this pathogen. Little
is known about the pathogenesis of the parasite and no
safe and effective treatment has been successfully
developed to combat cryptosporidiosis.[6] Unlike other
intestinal pathogens, Cryptosporidium can infect several
different hosts and can survive most environments for
long periods of time due to its "hardy cyst"[5] and
inhabits all climates and locales.[6] ELISA has been
widely used as a diagnostic tool; availability of this
facility is still poor in peripheral set-up.[7]
None invasive diagnostic technique was first reported in
1978 for calves[8] and in 1980 for human,[9] when oocysts
were detected in faecal smears stained with Giemsa stain.
Subsequently, numerous techniques to concentrate stool
specimens and to stain oocysts have been applied for
detection of Cryptosporidium species. There are little
consensuses on which methods are most satisfactory.
The present study was conducted to detect
Cryptosporidium oocysts in the stool samples of HIVinfected patients using Kinyoun Cold Acid Fast (KCAF)
staining in concentrated stool and to compare these
results with that obtained by ELISA techniques.
MATERIAL AND METHOD
This prospective study was conducted over a period of
two years, from July 2015 to - July 2017. Stool samples
were collected from Kosti Teaching Hospital, White Nile
State and Bashair care center, Bashair hospital,
Khartoum state where HIV/AIDS patients with different
age admitted for follow-up. All samples were carried to
the laboratory of Microbiology and Parasitology, Faculty
of Medicine, University of Khartoum for diagnosis. The
confirmed cases of the studied groups were subjected to
standardize questionnaire interview. Informed consent
was obtained before inclusion in the study which was
reviewed and approved by the Ethical Committee of
Faculty of Medical Laboratory Sciences, University of
Gezira and health administration in these states.
380 stool samples were collected in wide-mouth stool
containers. Each container was labeled clearly with
patient's number and name, and immediately transferred
to the laboratory and examined using direct stool
examination and concentration techniques, (KCAF) and
ELISA techniques. Study group included all HIV
seropositive individuals; they were further subdivided
into two groups on the basis of presence of recurrent
attacks of diarrhea along with passage of blood and
mucus, abdominal pain and weight loss. The other group
included those individuals having no gastrointestinal
symptoms. The control group consisted of HIV
seronegative individuals with or without diarrheal
manifestations. A total of 180 randomly selected
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seropositive individuals (study group); along with 200
HIV seronegative individuals (control group) were
enrolled for this study as per the above criteria.
Microscopic examinations of stool included direct
normal saline and Lugol's iodine wet mounts and
concentration techniques were conducted in all stool
samples. Diarrheal stool specimens usually contain
enough oocysts to be readily identified [10,11]. Also the
ova, larva, trophozoites and cysts of other intestinal
parasites were detected.
Aliquot of each sample was examined using Kinyoun
Cold Acid Fast (KCAF) stain, briefly the stool smears
were firstly air dried and fixed in absolute alcohol then
stained with (KCAF) staining and examined under 40X
and 100X objectives for detection of Cryptosporidium
oocysts.[12]
Another
aliquot of all stool samples (frozen or
preserved) were subjected to ELISA test using
Cryptosporidium microplate assay (IDEXX). This
ELISA is used for qualitative detection of
Cryptosporidium specific antigen in aqueous extracts of
faecal specimens. The protocol was followed as per the
manufacturer's instructions.
Statistical analysis
All tests performed for evidence of Cryptosporidium
were compared and evaluated statistically using chisquare test as the criteria for significance of test values.
RESULTS
A total of 380 subjects included in the study were
divided into 4 groups based on HIV seropositivity or
negativity and presence or absence of diarrhea (table 1).
In this study, the overall prevalence of Cryptosporidium
was found to be 11.1% (42/380) and 15% (57/380) using
(KCAF) staining and ELISA techniques respectively.
(KCAF) staining method detected Cryptosporidium
oocysts in stool of 31/180 (17.2%) subjects of HIV
Seropositive groups and 11/200 (5.5%) HIV
Seronegative group of which 18/90 (20%) HIV infected
subjects with diarrhea. In contrast only 8/100 (8%) of
HIV seronegative individuals with diarrhea had
Cryptosporidium oocysts in their stool samples (table 2).
ELISA for Cryptosporidium antigen showed positive
results in 22.87% (41/180) HIV Seropositive subjects
and 8% (16/200) of HIV Seronegative subjects (table 3).
In the present study population, 152/380 (40%) of
subjects had parasitic infection, out of which 66/152
(43.4%) were found in HIV positive subjects with
diarrhea. Helminthes formed the major parasites detected
38/152 (25%). Protozoan parasites accounted for 34.7%
(132/380), Cryptosporidium species was the major
species in this category 42/112 (37.5%). The cyst or
spore forming protozoan parasites encountered by any of
the methods employed includes Cryptosporidium 11.1%
(42/380), E. histolytica 9.2% (35/380), G. Lamblia 9.2%
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(35/380) and Isospora 0.01% (2/380). Special attention
was however given to Cryptosporidium. The results
showed that E. histolytica and G. Lamblia cysts were
detected in 12.2 % (22/180), 10% (18/180) of HIV
Seropositive and 6.5% (13/200), 8.5% (17/200) of HIV
seronegative individuals respectively (table 4).

25 of 30 samples positive for Cryptosporidium by KCAF
staining were also positive by ELISA. Additionally 10
samples were found positive by ELISA (table 5).

Table 1: Details of subjects included in the study.
Study group
Group I
Group II
Group III
Group IV
Total

Description
HIV positive with diarrhea
HIV positive without diarrhea
HIV negative with diarrhea
HIV negative without diarrhea

Number studied
90
90
100
100
380

Table 2: Detection of Cryptosporidium in stool sample by Kinyoun acid fast staining method.
Result
Cryptosporidium positive
Cryptosporidium negative
Total
Chi–square: p < 0.01
Interpretation: highly significant

Group I
18 (20%)
72 (80%)
90

Group II
13 (14.4%)
77 (85.6%)
90

Group III
8 (8%)
92 (92%)
100

Group IV
3 (3%)
97 (97%)
100

Table 3: Detection of Cryptosporidium antigen in stool samples using ELISA test.
Result
Cryptosporidium positive
Cryptosporidium negative
Total
Chi –square: p < 0.001
Interpretation: highly significant.

Group I
28 (31.1%)
62 (69.9%)
90

Group II
13 (14.4%)
77 (85.6%)
90

Group III
16 (16%%)
86 (86%)
100

Group IV
0
100 (100%)
100

Table 4: Parasites detected in faecal samples of all four study group individuals.
Parasites detected
Protozoa
Cryptosporidium spp.
Isospora spp.
E. histolytica
G. lambilia
Nematehelmith
Ascaris lumbricoides
Strongyloides stercoralis
Entrobious vermcularis
Platyhelminth
Taenia spp.
Hymenolepis nana
Total number isolated

Group I
N= 90

Group II
N= 90

Group III
N= 100

Group IV
N= 100

18 (20%)
0
18 (20%)
16 (17.7%)

13 (14.4%)
0
4 (4.4%)
2 (2.2%)

8 (8%)
2 (2%)
8 (8%)
11 (11%)

3 (3%)
0
5 (5%)
6 (6%)

5 (5.6%)
2 (2.2%)
1 (1.1%)

2 (2.2%)
0
0

3 (3%)
2 (2%)
3 (3%)

2 (2%)
0
1 (1%)

0
6 (6.7% )
66 (73.3%)

0
1(1.1%)
22 (24.4%)

2 (2%)
7 (7%)
46 (46%)

1 (1%)
0
18 (18%)

Table 5: Comparison of antigen detection by ELISA with acid fast staining method.
Gold standard →
Positive by Kinyoun
Negative by Kinyoun
test↓
cold acid fast staining
cold acid fast staining
ELISA positive for Cryptosporidium antigen
25
10
ELISA negative for Cryptosporidium antigen
5
280
Total
30
290
Sensitivity 83.33%
Specificity 96.55%
Positive predictive value 71.42%
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Total
35
285
320
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Negative predictive value 98.24%
chi –square: p < 0.001
Interpretation: highly significant
DISCUSSION
Cryptosporidium species is an important parasitic
protozoan causing diarrhea in developing and developed
countries.[13] The agent causes severe life-threatening
diarrhea especially in immunocompromised hosts.[13,14] A
number of workers have studied the possible association
between
this
coccidian
parasite
and
AIDS
patients.[2,15,16,17,18]
The prevalence of Cryptosporidium was higher in HIV
positive subjects suffering from diarrhea (31.1%). The
possible role of Cryptosporidium causing diarrhea in
HIV Seropositive patients may be attributable in some, to
the enterocyte or neural dysfunction related to HIV
infection.[19,20] Alternatively, there may be quantitative
differences in parasite burden between patients with and
without diarrhea. In this study, the oocysts detected were
not quantified.
In our study, KCAF staining procedure can detected
Cryptosporidium oocysts in stool samples of HIV
Seropositive and HIV seronegative individuals with
diarrhea. This observed highly significant difference (P
<0.01) in isolation of Cryptosporidium oocysts in various
groups of HIV Seropositive and HIV seronegative
individuals with or without diarrhea. Comparative
studies rank KCAF staining method highest in terms of
the reagent cost, hands-on time required, yield, ease of
handling and ability to process large number of
specimens, although there was some difficulty of
interpretation at times.[21,22] Keeping these points in mind
and also that KCAF staining technique is the method of
choice for the detecting Cryptosporidium for most of the
parasitological laboratories,[23] we selected KCAF
staining method for identification of Cryptosporidium
oocysts in stool samples of our subjects as well as the
"gold standard" for our study when comparing with the
other methods.
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Taking (KCAF) staining method as gold standard for the
diagnosis of Cryptosporidium, the results of ELISA test
for Cryptosporidium antigen detection when correlated
with results of gold standard the P value (<0.01) suggests
that the ELISA test result is significantly useful for
predicting positive and negative results with reference to
KCAF staining as the gold standard. Comparison of
parameters for the two tests performed in this study
reveals that ELISA test is most sensitive single test for
detecting the infestation, assuming KCAF staining as
gold standard.
As the other intestinal parasitic infections were
concerned, helminthes formed the major parasites
detected in HIV positive subjects with diarrhea. A study
conducted in normal healthy population in Goa; India,
showed the overall prevalence of helminthic infection to
be 41% using concentration methods.[28] A lower
isolation of helminthes in the present study (25%)
although concentration techniques were used, could be
attributed to the area in which study was conducted. The
area being urban, a better sanitary environment and a
moderate personal hygiene could have contributed to a
lower prevalence of parasite infection. Secondly, the
population coming to the hospital is not a true
representation of general population as a whole. Among
the protozoan, higher isolation rate of Cryptosporidium
species could be due to special emphasis given to this
parasite, or probably it was a true higher incidence,
although further studies are required in this field to
ascertain the prevalence of other coccidian parasites in
the community.
CONCLUSION
The study concluded that ELISA test is most sensitive
single test for detecting the Cryptosporidium antigen,
assuming KCAF staining as gold standard.
ACKNOWLEDGEMENTS

All stool samples were subjected to ELISA test using
Prospect Cryptosporidium microplate assay (IDXX) for
detection of Cryptosporidium antigen. We documented
the presence of Cryptosporidium antigen in 41/180 of
HIV Seropositive persons studied. The sensitivity and
specificity were observed to be 83.33% and 96.55%
respectively. These figures correlate closely with two
other studies documented.[24,25] Possible reasons for
microscopy negative and ELISA positive results of a
specimen may be attributed to the fact that a fewer
number of oocysts have to be present for their detection
by microscopy. ELISA on other hand detects even
disintegrating organisms and their products.[25,26,27] The
difference in Cryptosporidium antigen isolation using
ELISA test in stool samples of various study groups is
statistically highly significant P <0.01.

www.wjpmr.com

The authors are grateful for the support and cooperation
of all members of Bashair care center, Bashair hospital,
Khartoum state and all members of Awed Omer
Laboratory, Faculty of medicine, University of
Khartoum for supporting this study. The authors wish to
deeply thank all staff of Kosti Teaching Hospital, White
Nile State, Sudan for cooperation and helpful in this
work.
REFERENCES
1.

2.

Mirdha, B.R, Bannerjee, U, Sethi, S, Samantaray,
J.C, Malaviya, A.N. Spectrum of opportunistic
fungal and parasitic infection in hospitalized AIDIS
patients. CARC calling, 1993; 6(2): 9-10.
Kasper, L.H. and Buzoni- Gatel, D. Some
opportunistic parasitic infections in AIDS:
Candidiasis, Pneumocystosis, Cryptosporidiosis,

266

Hafiz et al.

3.

4.

5.

6.

7.

8.

9.

10.

11.
12.

13.

14.
15.

16.

17.

Toxoplasmosis.
Departments
of
Medicine
(Neurology) and Microbiology. Dartmouth Medical
School, Hanover, USA, 1998.
Lew, E.A, Poles, M.A, Dieterich, D.T. Diarrhoeal
diseases
associated
with
HIV
infection.
Gastroentrol. Clin. North. Am, 1997; 26: 259-90.
Lubeck, D.P, Benneth, C.L, Mazonsen, P.D, Fifer,
S.K, Fries, J.F. Quality of life and health service
among HIV-infected patients with chronic diarrhea.
J. Acquir. Immune. Defic. Syndr, 1993; 6: 478-84.
Keusch, G.T, Hamer, D, Joe, A, Kelley, M,
Griffiths, J, Ward, H. "Cryptosporidia--who is at
risk?" Schweiz Med Wochenschr, 1995; 125(18):
899-908.
Flanigan, T.P. and Soave, R. "Cryptosporidiosis."
Prog Clin Parasitol, 1-20. Garcia L. 2003.
Diagnostic
medical parasitology, 2nd. ed.
Washington,
DC:
American
Society
for
Microbiology, 1993.
Barua, P, Hazarika, N.K, Barua, N, Rasul, E, Laskar,
N. Microscopy for Cryptosporidiosis in remote
areas. Indian. J. Med. Microbiol, 2013; 26: 203-4.
Pohlenz, J, Moon, H.W, Cheville, N.F, Bemrick,
W.J. Cryptosporidiosis as a probable factor in
neonatal diarrhoea of calves. J. Am. VET. Med.
Assoc., 1978; 172: 452-7.
Tzipori, S, Angus, K.W, Campbell, I, Grey, E.W.
Cryptosporidium: evidence of single species genus.
Infect. Immune, 1980; 30: 884-6.
Garcia, L.S, Bruckner, D.A, Brewer, T.C, Shimizu,
R.Y. Techniques for the recovery and identification
of Cryptosporidium oocysts from stool specimens. J.
clin. Microbial, 1993; 18: 185-190.
Weber, J and Philip, S. Human Cryptosporidium N.
Eng. J. Med, 1993; 309: 1326.
Morello, J.A, Granato, P.A, Wilson, M.E, Morton,
V. Laboratory manual and workbook in
microbiology: Applications to patient car. 10th. ed.
Boston: McGraw-Hill Higher Education, 2006.
Elgun, G and Koltas, I.S. Investigation of
Cryptosporidium spp. antigen by ELISA method in
stool specimens obtained from patients with
diarrhoea. Faculty of medicine, Dept. of
parasitology, University of Cukurova, Balcali,
Adana, Turkey. Gullu, 2001.
Gellin, B.G and Soave, R. Coccidian infection in
AIDS. Med. Clin. N. Am, 1992; 76(1): 205-234.
Gupta, S, Narang, S, Nunavath, V, Singh, S. Chronic
diarrhoea in HIV patients: prevalence of coccidian
parasites. Indian .J. Med. Microbiol, 2008; 26:
172-175.
Matos, O, Alves, M, Xiao, L, Cama, V, Antunes, F.
Cryptosporidium felis and C. meleagridis in persons
with HIV, Portugal. Emerg. Infect. Dis., 2004; 10:
2256 –7.
Ajjampur, S.S, Sankaran, P, Kang, G.
Cryptosporidium
species
in
HIV-infected
individuals in India: an overview. Natl. Med. J.
India, 2008; 21(4): 178-84.

www.wjpmr.com

World Journal of Pharmaceutical and Medical Research

18. Hunter, P.R and Nichols, G. Epidemiology and
clinical features of Cryptosporidium infection in
immunocompromised patients. C.M.R., 2002; 15(1):
145-15.
19. Batman, P.A, Miller, A.R, Sedgwick, P.M, Griffin,
G.E. Automatic denervation jejuna mucosa of
homosexual men infected with HIV. AIDS, 1991; 5:
1247-52.
20. Bartlett, J.G, Belitsos, P.C, Sears, C.L. AIDS
enteropathy. Clin. Infect. Dis, 1992; 15: 726-35.
21. Mac Pherson, D.W and Mc Queen, R.
Cryptosporidiosis: multiattribute evaluation of six
diagnostic methods. J. Clin. Microbiol, 1993; 31: 2:
198-202.
22. kehl, K.S.C, Cicirello, H, Havens, P.L. Comparison
of four different methods for detection of
Cryptosporidium species. J. Clin. Microbiol, 1995;
33; 2: 416-418.
23. Henricksen, S.A and Pohlenz, J.F.L. Staining of
Cryptosporidia by modified Ziehl- Neelsen
technique. Acta. Vet. Scand, 1981; 22: 594-6.
24. Newman, R.D, Wuhib, T, Lima, A.A, Guerrnat, R.L,
Sears,
C.L.
Environmental
sources
of
Cryptosporidium in an urban slum in northeastern
Brazil. Am. J. Trop. Med. Hyg, 1993; 49(2):
270-275.
25. Ungar, B.P.L. Enzyme-linked immune assay for
detection of Cryptosporidium antigen in faecal
specimens. J. Clin. Microbiol, 1990; 28(11):
2491-2495.
26. Current, W.L and Garcia, L.S. Cryptosporidiosis.
Clin. Microbiol. Rev., 1991; 4: 325-358.
27. Nichols, G.L. Food-borne protozoa. Br. Med. Bull.,
2000; 56: 209-235.
28. Estibeiro, S, Pinto. M.J.W, Rodrigues, S, Verenkar,
M.P. Prevalence of Taenia infection in three areas of
Goa. Ind. J. Med. Micro, 2000; 18(3); 116-118.

267

