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 INTRODUCTION  
 

Opportunistic protozoan infections are among the 
most serious types of infection in patients with 
AIDS. They cause severe morbidity and mortality 
(1). HIV infection has been shown to predispose the 
patient to intracellular opportunistic intestinal proto-
zoan infections such as Cryptosporidium parvum, 
Isospora belli, Cyclospora cayetanensis, Enterocyto-
zoon bieneusi and Encephalitozoon intestinalis (2).  
 
Opportunistic intestinal protozoan infections are in-
creasingly becoming prevalent in AIDS patients (3). 
Almost 80% of AIDS patients die of AIDS-related 
infections including intestinal parasites rather than of 
the HIV infection itself (4). Infections usually occur 
late in the course of HIV infection when CD4+  T-cell 
count has been severely depleted mostly below 200 
cells /mm (3,5) . 

 
In AIDS patients with diarrhoea, the prevalence of C.  
parvum ranges from 10% to 30% in developed coun-
tries and 30% to 50% in the developing world (6). In 
Ethiopia, the prevalence of cryptosporidiosis in HIV/
AIDS patients was reported as 40% (7) and 25.9% 
(8), indicating its public health significance.  
 
In the absence of effective and specific therapy 
against infection with Cryptosporidium, preventive 
measures are of great importance.  
 
I. belli infections are essentially cosmopolitan in dis-
tribution but are more common in tropical and sub-
tropical regions. In Ethiopia, the prevalence of C. 
parvum, I.  belli and Cyclospora cayetanensis re-
ported in ADIS patients with chronic diarrhoea was 
11%, 7.4% and  3.7%,  respectively (9). A 10.26% 
prevalence of double infection with C. parvum and   
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Background and aim: Opportunistic protozoan infections are among the most serious infections in patients with AIDS. The aim 
of this study was to assess the impact of ART on opportunistic intestinal protozoan infections in HIV/AIDS patients.  
Patients and Methods: HIV/AIDS patients that had not begun ART and those that were on-ART at Nekemte Hospital, West 
Ethiopia were included. Stool specimens were collected from 296 HIV/AIDS patients (94 pre-ART and 202 on-ART) and proc-
essed using modified Ziehl-Neelsen staining for Cryptosporidium parvum and Isospora belli and Uvitex-2B staining method for 
microsporidia. CD4+ T-cell count was determined by using FACS analysis or flow cytometry.  
Results: Out of the 296 study participants examined, 41 (13.9 %) and 14 (4.7 %) were positive for intestinal cryptosporidiosis 
and isosporiosis, respectively. Enterocytozoon bieneusi was detected in 7(4.8%) of the 145 participants examined. C. parvum 
17(21.3%), I. belli 8(10%) and microsporidia 5(11.6%) were more common in pre-ART diarrhoeal patients than those on-ART.  
The prevalence of cryptosporidiosis, isosporiosis and microsporidiosis among pre-ART study participants was significantly 
higher than those on-ART (P<0.05). A large majority of diarrhoeal AIDS patients infected with intestinal cryptosporidiosis and 
isosporiosis were in stage III of the WHO HIV/AIDS staging. An increase in CD4+ T-cell count was observed with increase in 
the number of months of ART.  
Conclusion: The results of this study show that intervention with HAART decreases the prevalence of opportunistic intestinal 
protozoan parasites by improving the immune status of the patients and hence would enhance the health and well-being of HIV/
AIDS patients under the Ethiopian nutritional and health service system. 
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 I.  belli in ADIS patients with diarrhoea has also been 
reported (10). 

 
Human infections with microsporidia have been re-
ported from all over the world, and the majority of 
cases have involved HIV infected patients (11). In 
Ethiopia, intestinal microsporidiosis due to E. bie-
neusi (17.2%) (12) and E. intestinalis (22.5%) (13), 
were reported to be highly associated with chronic 
diarrhoea in AIDS patients. In addition, a recent 
study showed 18.2% (10) prevalence of micro-
sporidiosis in diarrhoeal HIV/AIDS patients. Suc-
cessful treatment of microsporidiosis in immunodefi-
cient patients is limited and no effective therapy is 
known(11) 
 
 HIV infects the T helper cells because it has the pro-
tein CD4 on its surface which HIV uses to attach 
itself to the cell before gaining entry (14). CD4

+ T-
cell depletion is the hallmark of the deteriorating 
immune system (15).

 In Ethiopia, the normal CD4
+ T-

cells count in HIV-negative individuals ranges from 
366-1235/mm (3,16), while in HIV-positive stage-I 
individuals it ranges from 89-966/mm (17). The im-
mune system, which has been trying to battle the 
HIV infection, eventually weakens and this will 
make the person more susceptible to opportunistic 
intestinal parasites.  
 
The classification of the HIV disease can be under-
taken for several purposes and should be distin-
guished from disease staging. Staging is disease clas-
sification that aims primarily to make groupings that 
have different prognoses which can be used in guid-
ing treatment decisions (18). 
 
Antiretroviral drugs are usually designed to inhibit 
viral proteins which have a role in the replication of 
HIV. They significantly delay the progression of 
HIV to AIDS and allow people living with HIV to 
live relatively normal and healthy lives. 
 
The center for Disease Control recommended start-
ing HAART if there is history of opportunistic infec-
tions or other severe HIV disease, or if the CD4+ T-
cell count is less than 200/mm (19). 
 
Since the introduction of HAART in 1996, the mor-
tality and morbidity for a wide variety of opportunis-
tic viral, bacterial, fungal and parasitic infections 
have decreased dramatically among HIV-infected 
individuals in economically developed countries 
(20,21), hence improving the quality of life in AIDS 
patients. In Ethiopia, ART use was started very re-
cently despite a higher infection rate in the country. 

Despite formidable logistical handles, the number of 
individuals able to access this treatment in Ethiopia 
is expanding and the overall situation has been im-
proving (22).  The aim of this study was to assess the 
impact of ART on opportunistic intestinal protozoan 
infections in HIV/AIDS patients.  
 

METHODS   
 

Study design, area and subjects: A cross sectional 
study was conducted from June to December 2006 at 
Nekemte Hospital, East Wollega Zone of Oromia 
Regional State, West Ethiopia, involving HIV sero-
postive patients who came to the hospital. The pa-
tients were either on ART or eligible for it. All pa-
tients in ART clinic during the study period and will-
ing to participate in the study were included. In-
formed consent was obtained from the patients or 
families for children and very sick patients which 
was approved by the hospital administration. Ethical 
approval was obtained from the Ethical Committee 
of Addis Ababa University, Department of Biology. 
 
Stool collection and processing: A single fresh stool 
was collected with a labeled stool cup from the par-
ticipants following standard procedures. A portion of 
the stool was preserved with SAF (15g sodium ace-
tate, 20ml glacial acetic acid, 40ml formalin and 
925ml distilled water) in a proportion of 1g of stool 
in 3ml of SAF and was transported to the Parasi-
tological Laboratory of the Ethiopian Health and 
Nutrition Research Institute (EHNRI). 
 
Modified Ziehl-Neelsen method: For the detection 
of oocysts of C. parvum and I. belli, the modified 
Ziehl-Neelsen method was followed. In this method, 
a thin smear was prepared directly from fresh as well 
as from sediments of concentrated stool and allowed 
to air dry. Then the slides were fixed with methanol 
for 5 minutes and stained with carbolfuchsine for 30 
minutes. The slides were then washed with tap water 
and decolorized with acid alcohol (1ml HCl and 
99ml of 96% ethanol) for 1-3 minutes. The slides 
were washed in tap water and counter-stained in me-
thylene blue for another 1 minute. Finally, they were 
washed in tap water and allowed to air dry. The 
slides were then examined under a light microscope 
with X1000 magnification. Each slide was examined 
for 10 minutes to decide whether it was negative or 
positive. 
 
Uvitex-2B staining method: For the identification of 
microsporidial spores, a portion of each sample from 
a preserved stool was processed by a water-ether 
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 sedimentation method and stained with   Uvitex-2B 
at the Ethiopian Health and Nutrition  Research Insti-
tute. In brief, one gm of fresh stool was mixed thor-
oughly with 8ml of distilled water in a 15ml conical 
test tube. After sieving it with cotton gauze, 3ml 
ether was added and the mixture shaken for one min-
ute and centrifuged at 2000g for 2 minutes. From the 
sediment, thin smears were prepared on a microscope 
slide and were allowed to air-dry. The slides were 
then fixed with methanol for 2 minutes, allowed to 
air-dry and finally stained with Uvitex-2B (Ciba, 
Giegy, and Basel, Switzerland) for 10 minutes. The 
slides were then washed in PBS (8.0gm NaCl, 0.2KCL, 
1.44gm Na2HPO4, 0.24gm KH2PO4, PH=7.2) for 5 sec-
onds, counter-stained with Evans blue (Sigma) for 30 
seconds, then washed in PBS for 5 seconds,  and 
finally gently rinsed in running tap water. The slides 
were observed under fluorescent microscope with 
50-W mercury high pressure lamp fitted with excita-
tion filter 355-425nm and a suppression filter of 
460nm (Leitz, Ploemopak Filter Block D, Germany) 
at a magnification of x1000. Each slide was exam-
ined for about 10 minutes to decide whether it was 
positive or negative. 
 
Blood collection and CD4+ cell count: Venous 
blood was collected and the CD4+ cells were ana-
lyzed by using FACS analysis or flow cytometry 
(Becton Dickinson Immunocytometry system, and 

Jose, CA., USA). Briefly, 100µl of whole blood was 
mixed with 10µl of each monoclonal antibody com-
bination in separate tubes and incubated at room tem-
perature for 20 minutes. 
 
Red blood cells were then lysed by adding 2ml of 
fluorescence activated cell sorter lysing solution 
(Becton Dickinson). After vortexing, tubes were in-
cubated in the dark at room temperature for 10 min-
utes and centrifuged at 300xg for 5 minutes. The cell 
pellet was washed once with 2ml of isoton, resus-
pended in 500µl of isoton, and analyzed with 
simulset software (Becton Dickinson). 
 
Data analysis: Data were entered and analyzed using the 
SPSS software version 13. Chi square test was employed to 
measure the strength of association. Values were consid-
ered to be statistically significant when the p-value was 
less than 0.05.  
 
 
RESULTS 
 
A total of 296 HIV-positive subjects were included 
in the study. Pre-ART subjects comprised 94 (31.8%) 
and the remaining 202 (68.2%) were on-ART. One 
hundred twenty-one (40.9%) were males while 175 
(59.1%) were females. Their age range was 5-44 
years. A significant majority of the study participants 
were in the age range of 15-24 years (Table 1).  

 
Table 1: Age and sex distribution of study participants by ART status in Nekemte Hospital, West Ethiopia, 

June – December, 2006.  
 

 

 
ART status 

 
Sex 

Age in year  
Total 

<=14 
    

15-24 
  

25-34 35-44 

  
Pre-ART (n=94) 

male 8 (8.5)   17 (18.1) 8 (8.5) 5 (5.3) 38 (40.4) 

female 20 (21.3)   29 (30.9) 4 (4.3) 3 (3.2) 56 (59.6) 

total 28 (29.8)   46 (48.9) 12 (12.8) 8 (8.5) 94 (100.0) 

  
On-AR (n=202) 

1-3 months (n=67) male 7 (10.4)   8 (11.9) 15 (22.4) 1 (1.5) 31 (46.3) 

female 8(11.9)   15 (22.4) 9 (13.4) 4 (6.0) 36 (53.7) 

4-5 months (n=57) male 0 (0.0)   6  (10.5) 15 (26.3) 2  (3.5) 23 (40.3) 

female 5 (8.8)   18 (31.6) 6 (10.5) 5 (8.8) 34 (59.7) 

6 months (n=78) male 1 (1.3)   14 (17.9) 11 (14.1) 3 (3.8) 29 (37.2) 

female 13 (16.7)   27 (34.6) 9 (11.5) 0 (0.0) 49 (62.8) 

Total 88 (43.6) 65 (32.2) 15 (7.4) 202 (100.0) 34(16.8)   
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Table 2: Prevalence of opportunistic intestinal protozoan parasites in HIV positive individuals by ART status 
 in Nekemte Hospital, West Ethiopia, June - December 2006. 

 Among the 296 stool specimens examined by modi-
fied Zhiel-Neelsen method, 41 (13.9%) and 14 
(4.7%) were positive for C. parvum and I. belli, re-
spectively. Samples from 145 subjects were exam-
ined by Uvitex-2B staining method, and 7 (4.8 %) 
participants were found to be positive for intestinal 

microsporidia (Table 2). The prevalence of C. par-
vum, I. belli and microsporidia in pre-ART study 
participants was significantly higher than those on 
ART (p<0.05) (Table 2). The prevalence of C. par-
vum and I. belli decreased with an increase in dura-
tion of ART (Table 2). 

 
Parasite  

identified 

 
Pre-ART

(0 month) 
(n=94) 

                                 On-ART  
Total 

(n=296) 

 
 

P-value 
1-3 months 

(n=67) 
4-5 months 

(n=57) 
6months 
(n=78) 

All on- ART 
(n=202) 

C. parvum 24 (25.5%) 12 (17.9 %) 3 (5.3 %) 2 (2.6 %) 17 (8.4 %) 41 (13.9%) 0.000 
I.  belli 11 (11.7%) 3 (4.47 %) 0 (.0%) 0 (.0%) 3 (1.5 %) 14 (4.7%) 0.000 
Microsporidia 6 (7.5 %)a 1 (1.5%)b - - 1 (1.5 %)c 7 (4.8%)d 0.042 

 Eighty of the participants demonstrated diarrhea. 
Among them, 23 (28.8 %) and 9 (11.3%) were found 
positive for C. parvum and I. belli, respectively. Mi-
crosporidia were detected in 6 (13.9 %) of the 43 
diarrheal samples examined (Table 3).  
 
The prevalence of opportunistic intestinal parasites 
was significantly higher in pre-ART diarrheal sub-
jects than that on-ART (P<0.05). In addition, a large 
number of opportunistic intestinal parasites was   

detected in diarrhoeal subjects when compared to 
non-diarrhoeal ones (Table3). 
 
A large number of diarrhoeal HIV/AIDS patients 
infected with the opportunistic intestinal protozoal 
parasites was in stage III of the WHO HIV/AIDS 
clinical staging (Table 4).   
 
A significant majority of the pre-ART subjects had 
CD4 counts of less than 200 cells/mm3 while those 
on-ART had greater than 200 CD4 cells   (Table 5). 

Table 3: Prevalence of opportunistic intestinal protozoan parasites in HIV positive individuals by status of diearrhea and ART 
in Nekemte Hospital, West Ethiopia, June – December, 2006. 

Diarrhoea status Opportunistic intestinal parasites ART status Total P-value 
Pre-ART On-ART 

Diarrhoeal 
(n=80) 
  

C.  parvum 17 (21.3%) 6 (7.5%) 23 (28.8%) 0.010 
I. belli 8 (10%) 1 (1.3%) 9 (11.3%) 0.016 
Microsporidiaa 5 (11.6%) 1 (2.3%) 6 (13.9%) 0.003 

Non-diarrhoeal 
(n=216) 

C. parvum 7 (3.2%) 11 (5.1%) 18 (8.3%) 0.139 
I. belli 3 (1.4%) 2 (.9%) 5 (2.3%) 0.062 
Microsporidiab 1 (1.0%) 0 (.0%) 1 (1.0%) 0.194 

   an=43, bn=102  

Table 4: Prevalence of opportunistic intestinal protozoan parasites in HIV positive individuals by diarrhoeal status 
and WHO HIV/AIDS staging in Nekemte Hospital, West Ethiopia, June - December 2006 (n=240). 

 

  Opportunistic intestinal 
parasites 

  WHO 
staging 

         Diarrhoeal status  P-value 
   Diarrhoeal  Non- diarrhoeal 

  
  
    C. parvum 

I a 0 (0.0%) 1 (12.5%) 0.686 
II b 1 (2.3%) 4 (9.1%) 0.660 
IIIc 16 (9.2%) 7 (4.0%) 0.000 
IV d 3 (21.4%)          - 0.024 

    I. belli IIIc 7 (4.0%) 3 (1.7%) 0.002 
   Microsporidia IIIe 6 (8.0%)          - 0.002 

      an=8, bn=44, cn=174, dn=14, en=75 

       an=80, bn=65, cn=65, dn=145 
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Table 5. Comparison of CD4+ T-cell counts in HIV positive individuals by ART status in  
Nekemte Hospital, West Ethiopia, June - December 2006. 
 

   
CD4+cell count/mm3 
  

 pre-ART (n = 94) 
     (0 months) 
         n (%) 

 on-ART(n = 202) 
(6 months) 

              n (%) 

  
P-value 

<200 87 (92.6%) 53 (26.2%) 0.000 
200-499 5(5.3%) 127 (62.9%) 0.000 
>=500 2 (2.1%) 22(10.9%) 0.002 

  
DISCUSSIONS  
 
The results of this study showed a 13.9%, 4.7%, and 
4.8% prevalence of intestinal cryptosporidiosis, iso-
sporiosis and microsporidial infection, respectively, 
among HIV positive subjects at Nekemte Hospital, 
West Ethiopia. In addition, their prevalence in pre-
ART and on-ART study participants was different, 
whereby a significant reduction in their prevalence 
was observed in those who were under HAART. A 
decrease in the prevalence of cryptosporidiosis due to 
interventions by HAART has been reported from 
studies elsewhere (20,21). 
 
Diarrhea was the most frequent disease manifestation 
among AIDS patients. The diarrhoeal cases recorded 
in the present study were associated with the pres-
ence of opportunistic intestinal parasites. This find-
ing was in concurrence with what was reported for 
cryptosporidiosis-induced diarrhoea in both develop-
ing and developed countries (23). 
 
 It was noted that most C. parvum associated diar-
rhoeal cases were detected in pre-ART individuals, 
rather than in those who were on-ART. This indi-
cates that the finding might be due to the effect of 
HAART, which by improving the immune status of 
the HIV-positive individuals may have led to curbing 
the pathogenesis of C. parvum infections. This is 
consistent with earlier reports (24).  
 
The prevalence of C. parvum in this study was 
25.5%. This was in agreement with reports by 
Mengesha (7) and Fisseha et al (8) which showed a 
40% and 25.9% prevalence of C. parvum in AIDS 
patients, respectively.  
 
The role of I. belli as an opportunistic intestinal para-
site was clear in this study as it was detected mainly 
among pre-ART HIV positive diarrhoeal patients. 

This was in agreement with the study reported by 
Awole et al (9) from Addis Ababa where they de-
tected a prevalence rate of 11% for C.parvum and 
7.4% for I. belli among diarrheic patients. A previous 
study by Endeshaw et al. (13) showed a 10.26% of 
double infection by C. parvum and I. belli in AIDS 
patients with diarrhea. However, this case was not 
true in the present study.  
 
In the present study the prevalence of E. bieneusi 
was 11.6%. This was lower than the 22.5% preva-
lence reported in AIDS patients with diarrhea from 
Addis Ababa previously (13). The detection of only 
one microsporidial agent (E. bieneusi) may have re-
sulted from differences in the immune status of the 
study participants and the differences in the study 
localities. 
 
In this study, the majority of diarrhoeal HIV-positive 
study participants with cryptosporidiosis and iso-
sporiosis infections were at stage III and IV of WHO 
HIV/AIDS staging, indicating that infections with 
opportunistic intestinal parasites mostly occured at 
the latest stages of HIV infection (25). 
 
As the duration of HIV/AIDS patients on-ART in-
creases, the prevalence of infections with opportunis-
tic intestinal parasites has been shown to decrease, as 
reported by other works (18,19). Similarly, the 
prevalence of infection with C. parvum and I. belli 
was shown to significantly decrease over six months 
of ART follow-up period used in the present study. It 
is worth noting that the use of HAART has been as-
sociated with a gradual reconstitution of the immune 
system and reduction of HIV associated morbidity 
and mortality (26). A Similar outcome was registered 
in the present study by the use of HAART, as evi-
denced by an increase in CD4+T- cell count during 
the 6 months following ART. 
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 In conclusion, the major opportunistic intestinal para-
sites detected in pre-ART diarrhoeal HIV positive 
patients were C.  parvum, I.  belli and E. bieneusi, 
and their prevalence decreased as the duration on-
ART increased from 0 to 6 months which coincided 
with an increase in CD4+ T-cell count indicating the 
effective role of HAART in reducing opportunistic 
infections. For opportunistic intestinal protozoan 
parasites no proven therapy exists, therefore, easy 
access to ART is the only option and its early initia-
tion in HIV-positive patients is urgently required. 
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