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Background: Coccidian parasites are opportunistic intestinal parasites that cause diarrhea in 
immunocompromised individuals. Although the impacts of coccidian infection are significant 
among HIV/AIDS infected cases, proper diagnosis and management of coccidian infection is 
limited in sub-Saharan Africa including Ethiopia.
Objective: The aim of this study was to determine the prevalence of coccidian parasitic infections 
among HIV/AIDS cases before and after commencement of antiretroviral treatment.
Methods: An institution-based longitudinal study was conducted among 304 randomly selected 
HIV/AIDS cases from February to July 2018 before and after commencement of antiretroviral 
therapy. A structured questionnaire was used to collect sociodemographic and associated factors 
data. Stool and blood samples were collected before and three months after treatment. Coccidian 
detection and CD4+ count were conducted via modified acid fast stain technique and fluorescence- 
activated cell scanning, respectively. Data were entered and analyzed using SPSS version 20. 
Descriptive statistics were used to compute coccidian prevalence. Logistic regression was used to 
compute possible association between associated factors and coccidian parasitic infection. Variables 
with P<0.05 were considered to be statistically significant.
Results: Among 304 HIV/AIDS cases, prevalence of coccidian parasitic infection before and after 
antiretroviral treatment was 23.4% and 8.9%, respectively. Prevalence of Cryptosporidium 
spp. (19.7%) and Isospora belli (4.3%) before antiretroviral treatment were higher than 
Cryptosporidium spp. (7.9%) and Isospora belli (1.0%) after treatment. Drinking unprotected 
water (AOR: 7.41; 95%CI: 1.64–33.45), poor knowledge of HIV/AIDS and coccidian parasite 
(AOR: 4.19; 95%CI: 1.69–10.40), and CD4+ count below 200 cells/mm3 (AOR: 62.49; 95%CI: 
25.32–154.21) were significantly associated with coccidian infection.
Conclusion: Prevalence of coccidian parasites among HIV/AIDS cases decreases after antire-
troviral treatment. Drinking unsafe water, limited knowledge of HIV/AIDS and coccidian parasite 
and low CD4+ cell count are factors associated with coccidian infection. Therefore, proper detection 
and treatment of coccidian parasites among HIV/AIDS cases should be prioritized.
Keywords: Cryptosporidium spp., Isospora belli, antiretroviral treatment, HIV/AIDS

Introduction
Coccidian parasites are opportunistic intestinal parasites (OIPs) that include 
Cryptosporidium spp., Isospora belli and Cyclospora cayetanensis which are the 
most common intestinal parasites infecting immunocompromised individuals. These 
parasitic infections are more common among infected cases of human 
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immunodeficiency virus (HIV) and developed acquire 
immune deficiency syndrome (AIDS).1,2 An estimated 
nearly 80% of AIDS patients die of AIDS related illnesses 
including OIPs which usually occurs when CD4+ T cell 
count is below 200 cells/mm.3 Although coccidian caused 
self-limiting diarrhea in immunocompetent individuals, they 
cause more severe diarrhea among HIV/AIDS cases. For 
instance, HIV/AIDS patients with CD4+ T cell counts <100/ 
µL may encounter chronic, persistent, and remarkably pro-
fuse diarrhea with significant fluid and electrolyte depletion 
with weight loss and abdominal pain.4–6

Previous reports regarding coccidian infections 
revealed that several factors like poor sanitation, unpro-
tected source of water, lack of toilet facilities, lack of 
awareness about mode of transmission of coccidian para-
sites, poor environmental and personal sanitation practice 
and hygiene, poor socioeconomic status, overcrowding 
and absence of toilet are believed to be the main contribut-
ing factors for the high prevalence of coccidian infections 
in tropical and subtropical countries.7,8

In Ethiopia, most health institutions provide HIV/ 
AIDS care detection and antiretroviral treatment (ART) 
services to improve the survival of HIV/AIDS cases. 
They routinely screen HIV/AIDS cases for coccidian 
parasitic infections; however, the direct saline microscopy 
diagnostic method has a low detection rate of coccidian 
parasites. As a result, coccidian infections are not prop-
erly diagnosed and these coccidian parasites still pose a 
serious challenge among HIV/AIDS cases. Due to the 
absence of sensitive routine diagnostic methods like mod-
ified acid fast stain technique, there is misdiagnosis, 
underreporting, and mistreatment and management of 
coccidian infections. Therefore, the aim of this study 
was to determine the prevalence of intestinal coccidian 
parasites and their associated factors among HIV seropo-
sitive individuals before and after the commencement of 
ART in Felege Hiwot Referral Hospital, Northwest 
Ethiopia.

Materials and Methods
Study Design, Period and Area
An institution-based longitudinal study was conducted 
from February 2018 to July 2018 at Felege Hiwot 
Referral Hospital ART clinic, Bahir Dar city, Northwest 
Ethiopia. Bahir Dar city is located 565 km from Addis 
Ababa at an altitude of 1788 meters above sea level. The 
hospital serves approximately 530,000 people and has 

more than 415 beds. The annual patient flow of the 
hospital is approximately 130,000. Currently, the total 
number of HIV/AIDS patients taking ART at the ART 
clinic in the hospital is 17,999. All HIV seropositive 
individuals who had not started antiretroviral treatment 
and are willing to participate and give consent were 
randomly selected and included in the study. However, 
those HIV seropositive individuals taking antiparasitic 
and/or antibiotic treatments two weeks prior to the data 
collection period were exclude from the study.

The sample size was determined by using previous 
study prevalence (23.5%) obtained in Fitche hospital,9 

95% confidence interval (CI), and 5% precision.

n ¼ Z2P 1 � Pð Þ =d2 

n ¼ 1:96ð Þ
2
� 0:235ð Þ 0:765ð Þ= 0:05ð Þ

2
¼ 276 

By including 10% nonrespondent rate, the total sample 
size was 304.

Data Collection
A structured questionnaire was used to collect data on 
sociodemographic variables and associated factors to 
OIPIs infection. The questionnaire was filled by trained 
data collectors via a face to face interview. Stool and 
blood samples were collected by laboratory professionals 
at baseline before commencement of ART to check the 
respective coccidian parasites and CD4+ cell count. 
Antiretroviral therapy and cotrimoxazole were given 
based on the level of CD4+ cell count following the 
Ethiopian HIV/AIDS treatment guideline. Proper instruc-
tion how to collect stool samples was given for the 
participants, Training on coccidian parasites, how they 
are transmitted was given. A second round of stool and 
blood samples was collected three months after ART 
commencement. The stool samples were processed via 
formol ether concentration technique (FECT) followed 
by modified Ziehl–Neelsen techniques (MZNT).

Modified Ziehl–Neelsen Method
Firstly, a FECT was done by taking about one gram of 
stool sample and mixed in 10 mL saline and sieved with 
double layer of wet gauze directly into a 15 mL conical 
centrifuge tube. And then 10 mL of 10% formalin and 
3 mL of ether were added into the tube. The tube was 
revolved at 2000 rpm for 3 min. The supernatant was 
decanted10 and a thin stool smear was done by taking 
a few drops of stool sample from the sediment. The smears 
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were dried and fixed with methanol for 5 min and stained 
with carbol fuchsin for 15 min and washed with tap water. 
Acid alcohol (1%) was applied for 1–3 min to decolorize 
the preparation. Finally, the slides were stained with 
methylene blue for 1 min, and then washed with tap 
water and air dried. The slides were observed for coccidian 
using a microscope at 100× objectives.11

CD4+ Cell Count
About 2 mL of blood was collected via a vein puncture 
into tubes containing EDTA (ethylenediaminetetraacetic 
acid) anticoagulant to perform CD4+ cell count. About 
100 µL of whole blood was mixed with 10 µL of each 
monoclonal antibody combination in separate tubes and 
incubated at room temperature for 20 min. Red blood cells 
were lysed by adding 2 mL of fluorescent activated cell 
sorter lysing solution. After overtaxing, tubes were incu-
bated in dark at room temperature for 10 min. Then the 
CD4+ count was analyzed by using fluorescence-activated 
cell scanning count (FACS) following the manufacturer’s 
instruction.10

Data Quality Assurances
Training was given for data collectors prior to the actual 
data collection. The questionnaire was pretested to ensure 
applicability to the local context. Data supervision was 
conducted on a daily basis and the questionnaires were 
rechecked. Aseptic techniques and standard operating pro-
cedures were followed during sample collection, proces-
sing and identification of opportunistic intestinal parasites 
and measuring blood samples and counting the CD4+ cell 
count. Generally, the data quality was checked in the pre- 
analytical, analytical and postanalytical phases.

Data Analysis
Data analyses were performed using the SPSS version 20 
(IBM Corporation, Armonk, NY, USA). The prevalence of 
coccidian infections and CD4+ count were computed by 
descriptive statistics. The factors associated with coccidian 
were computed with bivariate logistic regression. 
Variables with P<0.2 in the bivariate analysis were trans-
ferred to multivariate logistic regression to control poten-
tial confounders. The differences were considered to be 
statistically significant when P-value was <0.05.

Ethical Approval
Generally, our study followed the Declaration of Helsinki. 
Ethical clearance was obtained from the ethical review 

committee of Bahir Dar University College of Medicine 
Health Sciences (Reference no. IRB/03/007 dated April 4, 
2018). A permission letter was also obtained from Amhara 
Regional Health Bureau and Felege Hiwot Referral 
Hospital. A written informed consent was obtained from 
each study participant. For study participants under the age 
of 18, informed written consent was also secured from 
their legal guardians before collecting the data. The parti-
cipants had the right to refuse or withdraw from the study. 
This could not affect their treatment and follow-up. All 
aspects of the study were conducted according to Good 
Clinical Practice and Good Laboratory Practice guidelines. 
Confidentiality of the study participants’ information was 
securely stored and identified by study number. Any study 
participant who was positive for coccidian infection was 
referred doctors for further treatment.

Results
Sociodemographic Characteristics of 
Study Participants
A total of 304 HIV seropositive individuals were included. 
Of which, 188 (61.8%) were females. The mean (SD) age 
of the respondents was 34.83 (±10.77) years. The majority 
of the participants were urban residents 264 (86.8%), 
married 169 (55.6%), governmental employee 74 
(24.3%), 76 (25%) college and above educational status 
and 139 (45.7%) in the age range 25–35 years (Table 1).

Prevalence of Coccidian Infections
The overall prevalence of coccidian infections among HIV 
seropositive individuals before commencement of ART 
was 71 (23.4%). The prevalence of Cryptosporidium 
spp. and I. belli was 58 (19.1%) and 11 (3.6%), respec-
tively. The prevalence of double infection of 
Cryptosporidium species and I. belli was 2 (0.7%). The 
prevalence of coccidian infections was higher among 
females 44 (14.5%), rural residents 48 (15.8%) and the 
age group of >35 years 36 (11.8%) (Table 2).

The overall prevalence of intestinal coccidian parasites 
among clients after three months of ART was 27 (8.9%) 
which comprises 24 (7.9%) Cryptosporidium spp. and 3 
(1.0%) I. belli prevalence (Table 3).

The CD4+ Count Before and After ART
The mean (SD) CD4+ count was 230±101.6 and 346±183.7, 
respectively before and after commencement of ART. The 
prevalence of coccidian infections among participants who 
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do not start ART and already started ART with CD4+ T cell 
<200 cells/mm3 was 62 (72.9%) and 25 (30.5%), respectively. 
Cryptosporidium spp. was the highest parasitic infection 
detected 50 (58.8%) before ART and 22 (26.8%) after ART 
among participants with CD4+ count <200 cells/mm3 

(Table 4).

Multivariate Analysis of Factors 
Associated with Intestinal Coccidian 
Parasite Infection
Pre-ART cases who used unprotected water source were 
7.41 times at higher odds of coccidian infection than those 
who used tap water (AOR: 7.41; 95%CI: 1.64–33.45). Pre- 
ART cases who did not have HIV-OIP related knowledge 
were at 4.19 times higher odds of coccidian infection 
(AOR: 4.19; 95%CI: 1.69–10.40) than those who have 
HIV-coccidian related knowledge. Pre-ART cases who 
had less than 200 CD4+ cells/mm3 count were 62.49 

times (AOR: 62.49; 95%CI: 25.32–154.21) more exposed 
than their counterparts (Table 5).

Discussion
Coccidian parasitic infections are pronounced when the 
immunity is depleted. Factors decreasing the immune 
response including HIV/AIDS may contribute for the 
high prevalence of coccidian infections in the community. 
In the present study, the overall prevalence rate of cocci-
dian infection among Pre-ART HIV seropositive indivi-
duals at 95%CI was 23.4% (18.7–28.5%). This result is 
higher than the earlier reports in different parts of 
Ethiopia: 15.4% from Jimma,2 (1.1%) in Dessie,12 17.7% 
in Arba Minch,13 2.2% in Harare14 and (15.4%) in 
Democratic Congo.15 The current result is also comparable 
with previous report (19%) in Cameroon.16 However, the 
prevalence of OIP infections among pre-ART in the pre-
sent study is lower than the previous reports (69.7%) in 
Bahir Dar city17 and (76.7%) in Nigeria.18 The prevalence 
difference might be due to the geographic difference, 
sensitivity of diagnostic techniques, study participants’ 
immunity status, hygiene practice, socioeconomic differ-
ence, change in living conditions and awareness of 
patients on coccidian parasitic infection of the study 
participants.

The prevalence of Cryptosporidium spp. in pre-ART 
patients at 95%CI was 19.7% (15.4–24.7%) in the current 
study. This result is lower than reports (42.7%) in Nepal,19 

but higher than (11%) in Ethiopia,20 (13.2%) in Southern 
Ethiopia21 and (3.1%) in Gondar.22 The difference might 
be due to the difference diagnostic method, the study 
period at which the data collected and personal hygiene 
of HIV infected cases.

The prevalence of I. belli infection at 95%CI among 
pre-ART was 4.3% (2.3–7.2%) in the present study. This 
result is lower than a previous report (15.5%) in Bahir Dar 
city,17 but it is higher than the report in Southern Ethiopia 
(2.2%).21 This result is also comparable from (3.9%) pre-
valence report in Southern Ethiopia.23 This difference in 
prevalence might be due to climatic condition, geographi-
cal distribution of the parasite, source of water for drinking 
and sanitation practice, knowledge on HIV related disease, 
lifestyle, education and immune status of the study 
participants.

The prevalence of coccidian parasite infection is 
decreased after the HIV cases started ART. In the current 
study, the prevalence of coccidian infection decreased after 
the commencement of ART. This low finding was similar 

Table 1 Sociodemographic Characteristics of Pre-ART 
Individuals at Felege Hiwot Referral Hospital ART Clinic, 2018

Variable Frequency Percent

Age in years 1–15 10 3.3
16–24 26 8.6
25–35 139 45.7

>35 129 42.4

Sex Male 116 38.2
Female 188 61.8

Residences Rural 40 13.2
Urban 264 86.8

Marital status Unmarried 67 22.0
Married 169 55.6

Divorced 47 15.5

Widowed 21 6.9

Occupation Government 

employee

74 24.3

Daily laborer 51 16.8

Student 24 7.9

Housewife 66 21.7
Farmer 14 4.6

Merchant 47 15.5

Unemployed 28 9.2

Educational 

status

Illiterate 50 16.4

Read and write 41 13.5
Primary school 64 21.1

Secondary school 73 24

Collage and above 76 25
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to previous findings in Dessie12 and in Addis Ababa.24 

This indicated that ART plays a great role in the reduction 
of OIP infections by boosting the immune cells.

Several risk factors including residence, source of 
water, knowledge on HIV-coccidian infection and level 
of CD4+ count were assessed whether they were 
associated with coccidian infections among HIV/AIDS 
cases. In the current study, prevalence of coccidian infec-
tions among pre-ART groups were found significantly 
associated with lower <500 cells/mm3 CD4+ cell counts. 
This result was in line with a previous study conducted in 
Addis Ababa.3 This indicated that higher CD4+ level gen-
erally clears the OIP infections.

The use of water from unprotected water source for 
drinking increases the possibility of acquisition of intestinal 
parasitic infections that have a feco-oral route of transmis-
sion. Drinking boiled water or pure water is a common 
problem in developing countries like Ethiopia where 
although it is important, it is high, especially in HIV patients. 
In the present study, HIV cases that drink unprotected water 

were 7.41 times more likely to have parasitic infection than 
those who used tap water. This result is supported by pre-
vious study report that using river water is a predictor of 
coccidian infections for HIV seropositive patients with more 
intestinal parasite than those using tap water.12

The odds of limited knowledge on the interaction of 
HIV/ADIS and intestinal parasite relation were almost 
4.19 times more likely to be infected by coccidian para-
sites than others who had the knowledge. This finding is 
supported by previous study reports.7,25 Knowledge on the 
mode of transmission, prevention, and control measures 
and properly taking ART have an important effect to 
decrease coccidian infection among HIV/AIDS cases.

Strong immune response can kill parasitic infections espe-
cially OIPs. As the level of immune cell drop in the human 
system due to immune depleting mechanism like HIV/AIDS, 
people may suffer from OIPs infections. HIV infected indivi-
duals might also have low level of CD4+ counts.26 Those pre- 
ART HIV seropositive cases that had less than 200 CD4+ cell/ 
mm3 count in the present study were 62.49 times more exposed 

Table 2 Distribution of Intestinal Coccidian Infection in Pre-ART HIV Seropositive Individuals Across Sociodemographic Variables at 
Felege Hiwot Referral Hospital ART Clinic, 2018

Variables Total Examined N (%) Parasites Detected

Cryptosporidium spp. N (%) Isospora belii N (%) Total N (%)

Sex Male 116 (38.2) 21 (6.91) 8 (2.6) 29 (25.0)
Female 188 (61.8) 39 (20.7) 5 (2.7) 44 (23.4)

Age(years) 1–15 10 (3.3) 0 (0) 0 (0) 0 (0)
16–24 26 (8.6) 4 (15.4) 0 (0) 4 (15.4)

25–35 139 (45.7) 26 (18.7) 7 (5.0) 33 (23.7)
>35 129 (42.4) 30 23.3) 6 (4.6) 36 (27.9)

Residence Rural 40 (13.2) 12 (30.0) 1 (2.5) 13 (32.5)
Urban 264 (86.8) 48 (18.2) 12 (4.5) 60 (22.7)

Marital status Unmarried 67 (22.0) 10 (14.9) 2 (3.0) 12 (17.9)
Married 169 (55.6) 36 (21.3) 7 (4.1) 43 (25.4)

Divorced 47 (15.5) 10 21.3) 3 (6.4) 13 (27.7)
Widowed 21 (6.9) 4 (19.0) 1 (4.8) 5 (23.8)

Educational Illiterate 50 (16.4) 5 (10.0) 1 (2.0) 6 (12.0)
Read and write 41 (13.4) 13 (31.7) 2 (4.9) 15 (36.6)

Primary school 64 (21.1) 9 (14.1) 3 (4.7) 12 (18.8)
Secondary school 73 (24.0) 16 (21.9) 2 (2.7) 18 (24.6)

Collage and above 76 (25) 17 (22.3) 5 (6.6) 22 (28.9)

Income <500 birr 129 (42.4) 28 (21.7) 3 (2.3) 31 (24.0)
500–1000 birr 65 (21.4) 9 (13.8) 4 (6.2) 13 (20.0)
>1000 birr 110 (36.2) 23 (20.9) 6 (5.5) 29 (26.4)

Total 304 (100) 60 (19.7) 13 (4.3) 73 (24.0)
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for coccidian infections their counterparts. This finding was in 
line with previous reports.12,27 The justification might be due to 
ART preventing the coccidian infection by increasing the level 
of CD4+ count.

The limitation of the study: including study participants 
in a single institution and following the study participants for 
only three months and collecting data only twice.

Conclusions
Coccidian parasites including Cryptosporidium spp. and 
I. belli are the most important parasites identified in pre- 
ART and on ART HIV case. The prevalence of 
Cryptosporidium spp. and Isospora belli among HIV/ 
AIDS cases decrease after the commencement of ART. 
Drinking unsafe water, poor knowledge on HIV and 

Table 3 Distribution of Intestinal Coccidian Parasites Among HIV/AIDS Cases Found on ART at Felege Hiwot Referral Hospital ART 
Clinic, 2018

Variable Total Examined N (%) Parasites Detected

Cryptosporidium spp. N (%) Isospora belli N (%) Total N (%)

Sex Male 116 (38.1) 12 (10.3) 1 (0.9) 13 (11.2)

Female 188 (61.8) 12 (6.4) 2 (1.0) 14 (7.4)

Age in years 1–15 10 (3.2) 0 0 (0) 0 (0)

16–24 26 (8.5) 1 (3.8) 0 (0) 1 (3.8)

25–35 139 (45.7) 23 (16.5) 3 (2.2) 26 (18.7)

>35 129 (42.4) 0 (0) 0 (0) 0 (0)

Residence Rural 74 (24.3) 16 (21.6) 2 (2.7) 18 (24.3)

Urban 230 (75.6) 8 (3.5) 1 (0.4) 9 (3.9)

Marital status Unmarried 67 (22.0) 4 (6.0) 1 (1.5) 5 (7.5)

Married 169 (55.5) 16 (9.5) 0 (0) 16 (9.5)

Divorced 47 (15.4) 2 (4.3) 1 (2.1) 3 (6.4)

Widowed 21 (6.9) 2 (9.5) 1 (4.8) 3 (14.3)

Educational status Illiterate 72 (23.6) 9 (12.5) 0 (0) 9 (12.5)

Read and write 46 (15.1) 7 (15.2) 2 (4.3) 9 (19.5)

Primary school 62 (20.3) 4 (6.5) 0 (0) 4 (6.5)

Secondary school 60 (19.7) 2 (3.3) 1 (1.7) 3 (5.0)

Collage and above 64 (21.0) 2 (3.1) 0 (0) 2 (3.1)

Income <500 birr 180 (59.2) 15 (8.3) 2 (1.1) 17 (9.4)

500–1000 birr 14 (4.6) 2 (14.3) 0 (0) 2 (14.3)

>1000 birr 110 (36.1) 7 (6.4) 1 (0.9) 8 (7.3)

Total 304 (100) 24 (7.9) 3 (1.0) 27 (8.9)

Table 4 Prevalence of Coccidian Infections Among Pre-ART and on ART Cases in Relation to CD4+ Cell Count at Felege Hiwot 
Referral Hospital ART Clinic, 2018

Parasite Species OIPs and CD4+ T Cells/mm3

Before ART N (%) After ART N (%)

<200 200–500 >500 Total <200 200–500 >500 Total

Cryptosp 50 (58.8) 6 (3.5) 2 (3.3) 58 (19.1) 22 (26.8) 2 (1.2) 0 (0) 24 (7.9)

Isospora belli 10 (11.8) 1 (0.6) 0 (0) 11 (3.6) 3 (3.7) 0 (0) 0 (0) 3 (1.0)
Cryptosp+ Isospora belli 2 (2.3%) 0 (0) 0 (0) 2 (0.7) 0 (0) 0 (0) 0 (0) 0 (0)

Total positive 62 (72.9) 7 (4.1) 2 (3.3) 71 (23.4) 25 (30.5) 2 (1.2) 0 (0) 27 (8.9)

Total negative 23 (27.1) 152 (89.9) 58 (9.7) 233 (76.6) 57 (69.5) 160 (98.8) 60 (19.7) 277 (91.1)
Grand total 85 (28.0) 159 (52.3) 60 (19.7) 304 (100) 82 (27.0) 162 (53.3) 60 (19.7) 304 (100)

Abbreviations: Cryptosp, Cryptosporidium spp.
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coccidian parasites infection and having low CD4+ count 
are the major factors associated with coccidian infections 
among HIV/AIDS cases. Therefore, early diagnosis of 
coccidian infections with sensitive diagnostic method like 
modified acid fast staining helps to properly manage HIV/ 
AIDS cases and decreases the disease severity. Further 
studies with large sample size and area should be done.
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