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ABSTRACT: A random sampling and cross sectional study was carried out in General Hospital, Minna, Niger State, 
Nigeria using parasitological techniques to screen faecal samples for Cystoisospora belli. Blood samples of participants 
were also screened to determine the CD4 counts of infected subjects while Body Mass Index of subjects was determined 
to describe their nutritional status. A total of 783 individuals consisting of 317 apparently healthy subjects and 466 
HIV/AIDs patients were screened for cystoisosporiasis. Out of the 783 subjects screened, 81 (10.34%) were positive for 
Cystoisospora belli. The infection was significantly higher (P < 0.05) in HIV/AIDs patients (12.45%) than in apparently 
healthy subjects (2.84%). The infection was more prevalent (6.69%) in males than in females (6.40%), (P < 0.05). The 
rate of infection in relation to age group was highest in subjects who were ≤10 years old (11.90%) and least in subjects 
who were 11 to 20 years old (4.24%). A significant difference in infection rate (P< 0.05) was found between the categories 
of subjects screened and age groups. The infection rate was highest (22.64%) in subjects who were nutritionally deficient 
and least (13.12%) in subjects with normal body mass index. Subjects with CD4 cell counts < 200 cells/µl had the highest 
infection rate (38.24%) while those with CD4 cell counts ≥ 500 cells/µl had the least infection rate (2.78%). Chi – square 
analysis showed significant difference (P < 0.05) in infection rates between the categories of subjects screened and CD4 
counts.  
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INTRODUCTION 
 

Cystoisosporiasis, ‘an opportunistic infection’, has been 
classified among “Neglected Tropical Diseases” with 
public health importance in immunocompromised patients, 
especially in HIV/AIDs patients. The disease is associated 
with an uncommon diarrhoea illness and it is responsible 
for the phenomenon known as “traveller’s diarrhoea”. The 
causative agent of the disease was formerly known as 
Isospora belli (CDC, 2012a), but presently it is called 
“Cystoisospora belli”. The genus Isospora is closely 
related to the genera; Cryptosporidia, Cyclospora and 
Toxoplasma. Little or no attention is paid to this salient but 
devastating infection in immunocompromised and 
immunosuppressed patients in second and third world 
countries such as Nigeria, Malaysia, China, India, 
Ethiopia, Haiti and Brazil.  

Three species of Isospora  that  are  pathogenic  to  man 

identified by Rattan and Rajesh (2005) include; Isosporal 
belli (now called Cystoisospora belli, the only important 
species), Isospora natalensis (this is rarely isolated) and 
Isospora hominis (now called sarcocystosis). 
Cystoisospora belli parasite infection occurs alongside 
other opportunistic parasitic diseases and parasites of 
gastro-intestinal tract. The combination of cystosporiasis 
and other helminthic infection is usually detrimental to 
apparently healthy people, HIV positive patients as well as 
other immune-compromised patients (Akinbo et al., 2009; 
Indrani et al., 2013; Sauda et al., 1993). The sites of 
infection of the parasite in man include small intestine 
where it causes diarrhoea and mal-absorption; gall bladder 
and biliary tree where it causes acalculouscholecystitis, 
cholangitis; in spleen and in liver where it causes rare 
dissemination, and in rheumatological site where reactive 

http://www.integrityresjournals.org/journal/JPHD
http://creativecommons.org/licenses/by/4.0/
http://emedicine.medscape.com/article/236105-overview
http://emedicine.medscape.com/article/229969-overview


10        J. Public Health Dis. 
 
 
 
arthritis may occur (Paul, 2012). The prevalence of 
Cystoisospora belli recorded is high in HIV/AIDs patients. 
However, few cases have been documented in 
immunocompetent and other immunocompromised 
individuals including those with renal transplant, 
lymphoma and leukaemia patients, cancer patients, 
malnourished children and sickle-cell anaemia patients 
(Inabo et al., 2012; Mahdi and Ali, 2002; Neha et al., 2014; 
Resiere and Chachaty, 2003; Sanad et al., 2014).  

The parasite is said to be rare or absent in 
immunocompetent or apparently healthy individuals 
because their immune system could deal with the 
infection. However, resent reports documented in Nigeria 
and other parts of the world suggest that the notion of rare 
or absence of Cystoisosporiasis parasite in 
immunocompetent or apparently healthy subjects due to 
its non – symptoms nature in this group may no longer be 
true as the parasite has been detected in this group of 
people (Woon et al., 2016; Pravean et al., 2017). Clinical 
symptoms associated with this infection ranges from of 
stomach upset, abdominal pain, weight loss (Vignesh et 
al., 2017), profuse diarrhoea, acalculouscholecystitis, 
tissue inversion and dissemination, reactive arthritis, 
(Bialek et al., 2011; Neha et al., 2014; Rattan and Rajesh, 
2005), impair cognitive abilities, physical and mental 
growth (Drake et al., 2000; Guyatt, 2000), decrease in life 
expectancy and increase in mortality rates especially in 
tropical Africa and other subtropical regions in the world 
where safe drinking water and sanitation facilities are 
inadequate (Amuta and Mker, 2009; Cappello, 2004; 
Savioli and Albonico, 2004). The parasite thrives well in 
unhygienic conditions and infection is acquired mostly 
through faecal-oral route in contaminated food and water. 
However, transmission through oral-anal rout is also 
possible (CDC, 2012a). Socio-cultural and socio-economic 
challenges of this parasitic infection ranges from school 
absenteeism and drop outs, absenteeism from work and 
from business, thwart in educational achievement, waste 
of money, low productivity, increase in poverty to hindering 
of economic development (Edward and Michael, 2004; 
Conteh et al., 2010; Desalegn, 2013).  

Far from declining, this infection is increasing throughout 
the world. The increase in infection rate results from 
climatic changes induced by global warming, poor 
sanitation status that accompanies war as well as socio-
cultural life patterns of the people. Globally, infection rates 
reported for this parasite in different parts of the world is 
such that in Nigeria, the rate of infection rose from 3.1% in 
2008 to 9.8% in 2013 (Akinbo et al., 2009; Inabo et al., 
2012). From Ethiopia, the infection rate reported was 5% 
(Assefa et al., 2012) while the infection rate in New Delhi 
in 2008 was 50% (Gupta et al., 2008). In Chennai, the 
infection rate rose from 18.6% in 2002 to 26.1% in 2007 
(Kuma et al., 2002; Vignesh et al., 2017). Generally, this 
infection is associated with poor sanitary habits, lack of 
access to safe drinking water and improper hygiene, lack of 
access to health care, lack of basic health knowledge and 
the   health   implications   of   the   infection   especially  in  

 
 
 
 
countries with high rates of poverty (Steketee, 2003). The 
degree of each risk factor, prevalence and intensity of 
parasitic infections vary from one region to another (Ogbe 
and Odudu, 1990). Most studies on cystoisosporiasis 
involve relatively small number of participants from small 
socio-economic groups and from ecological system 
involving other groups of intestinal parasites. Little is 
known about the salient and devastating effects of the 
parasite on apparently healthy/ immunocompetent and in 
immunocompromised HIV/AIDs patients in Minna, Niger 
State, Nigeria. The study therefore sought to evaluate 
Cystoisosporiasis in Apparently Healthy subjects and 
HIV/AIDs patients in Minna, Niger state, Nigeria. 
 
 

MATERIALS AND METHODS 
 

Study area 
 

The study was carried out in General Hospital Minna, Niger 
State, Nigeia. Niger State is known as the power state, a 
state in North-Central Nigeria with the largest land mass in 
the country. Niger state is located on latitude 3.201 East 
and longitude 8 and 11.31 North. It covers an area of 
76,363 km2 with a population of about 3,950,249 (NPC, 
2006). The state is bordered to the north by Sokoto state, 
west by Kebbi State, south by Kogi state and southwest by 
Kwara state, northeast by Kaduna state and southeast by 
the Federal Capital Territory. The state has common 
boundary with The Republic of Benin along New Bussa, 
Agwara and Wushishi local government area, given rise to 
common inter-border trade between Nigeria and The 
Republic of Benin (Ministry of Land and Survey, 2014). 
 
 

Study design 
 

A cross-sectional descriptive study and random sampling 
was carried out to determine the prevalence and risk 
factors associated with Cystoisospora belli infection and its 
relationship with haematological status of subjects. 
Questionnaires were administered to patients to determine 
their demographic data and risk factors for transmission of 
the infection among population within the study area. 
 
 

Study population  
 

The study population in this research were made up of 
apparently healthy subjects and HIV/AIDs patients. 
 
 

Ethical clearance and approval 
 

A letter from the Head, Department of Biological Sciences, 
Federal University of Technology, Minna, Niger State was 
used to obtain an ethical clearance from the ethical 
committee of General Hospital, Minna, Niger State, 
Nigeria. Subjects consent was sought before the 
commencement of the study. 

http://en.wikipedia.org/wiki/Nigeria


 
 
 
 
Sample collection and analysis 

 
Modified Kinyoun Acid fast staining for stool sampling 
 
A 1 g of faeces was homogenized in 10 ml of 10% formalin 
in a test tube. The homogenate was filtered through a 300 
µm mesh sieve into a centrifuge tube. 100 µl of the 
supernatant was removed by pipette and the sediment 
washed twice in distilled water by alternate centrifugation 
for 2 minutes in a micro-centrifuge at 6500 rpm. The final 
sediment after decanting was re-suspended in 150 µl 
distilled water and centrifuged in a cytopspin centrifuge at 
1000 rpm for 2 minutes. 

Smear from the sediments were made on slides and 
allowed to dry.  Slides were fixed in methanol for 3 
minutes. The fixed slides were stained in cold 
carbolfuchsin for 15 to 20 minutes, washed in tap water, 
decolorized in 1% acid alcohol for 3 to 4 minutes and 
rinsed thoroughly in tap water, counter stained with 0.4% 
Malachite green for 30 seconds, dried and examined at x 
100 (oil immersion) for oocyst of C. belli (Sauda et al., 
1993; Akinbo et al., 2009; Indrani et al., 2013). 

 
 
Procedure for CD4 T-cell counts  

 
A 5 mL whole blood was collected and analysed using 
Cyflow Counter analyser (Sysmex Partec, Germany). A 20 
µl of CD4 PE antibody was mixed with 20 µl whole blood 
from an EDTA bottle in a partec test tube. The mixture was 
incubated in the dark for 15 minutes at room temperature. 
Thereafter, 800 µl of CD4 buffer was added to the mixture 
and homogenized.  The homogenate was placed in the 
Partec Cyflow counter analyser to measure the CD4 cell 
counts (CDC, 2012b). 

 
 
Anthropometric method for determination of the 
nutritional status of participants 

 
Nutritional status of each individual was determined by 
measuring the anthropometric parameters, which were 
used in determining the Body Mass Index (quetelet index) 
of each individual. The BMI is a measure for indicating 
nutritional status of individuals (WHO, 2018). Weight and 
height were measured from each participant, except in 
pregnant women, wheelchair bound individuals, or 
persons who have difficulty standing steady. Self-reported 
weights and heights were not accepted. Weight was 
measured using balanced beam scale/bathroom weighing 
scale; height was measured using flexible but non-
stretchable measuring tape/insertion tape. The body mass 
index (BMI) for each participant was determined using the 
following formula below. 

 

BMI =
𝑚 (𝑘𝑔)

ℎ2(𝑚2) 
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Plate 1. Micrograph of C. 

belli from Modified 
Kinyoun’s acid fast stain. 

 
 
 

BMI = Body Mass Index, m = mass of the body (weight) of 
respondent in kilogram (kg) and h = height of respond in 
meters (WHO, 2018). 
 
 
Data analysis  
 
Statistical analyses were performed using version 20.0 of 
the Statistical Package for the Social Sciences (SPSS). 
Chi-square (χ2) test was used to relate data with the 
observed probabilities and applied at 5% level of 
significance. Mean and percentages were used to analyse 
data with simple proportional comparison. 
 
 
RESULTS 
 
A total of 783 subjects were screened for Cystoisospora 
belli infections. Out of these, 317 subjects were Apparently 
Healthy while 466 were HIV/AIDs patients. Of the 317 
apparently healthy subjects, 6 (4.41%) males and 9 
(2.84%) females were positive for Cystoisospora belli 
(Plate 1) infection while out of the 466 HIV/AIDs patients, 
14 (8.59%) males and 58 (19.14%) females were positive 
for C. belli infection (Table 1). There was a significant 
difference (P < 0.05) in infection rates between males and 
females. 

The age group 21 to 30 years old had the highest 
(18.18%) infection rates while 11 to 20 years old had the 
least infection rates (4.24%). The high infection rates 
documented in 21 to 30 years old could be due to exposure 
to the parasite and weak immune status. The low 
prevalence in 11 to 20 years old could have resulted from 
less exposure to infection. There was a significant 
difference in infection rates between age groups and 
categories of subjects (P < 0.05) (Table 2). 

The prevalence of the infection was highest (22.64%) in 
subjects who are wasting and least (13.12%) in those with 
normal body weight (Table 3). There was however, no 
significant difference in infection rates between wasting 
and the categories of subjects (P > 0.05).  

bmi. 

 

 

 

Plate I. Micrograph of C. belli from Modified Kinyoun’s acid fast stain 
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Table 1. Sex related Prevalence of Cystoisospora belli in Apparently Healthy subjects and HIV/AIDs patients in Minna. 
 

Sex 
Males Females Total 

No Exam No +ve (%) No Exam No +ve (%) No Exam No +ve (%) 

App. Healthy 136 6 (4.41) 181 3 (1.66) 317 9 (2.84) 

HIV/AIDs 163 14 (8.59) 303 58 (19.14) 466 72 (12.45) 

Total 299 20 (6.69) 484 31 (6.40) 783 81 (10.34) 
 

X2
crit = 39.84, X2

cal = 39.84, df = 1, P < 0.05. 
 
 
 

Table 2. Age group related Prevalence of Cystoisospora belli in Apparently Healthy subjects and HIV/AIDs patients in Minna. 
 

Age group 
App. Healthy HIV/AIDs Total 

No Exam No +ve (%) No Exam No +ve (%) No Exam No +ve (%) 

≤ 10 26 3 (11.54) 16 2 (12.50) 42 5 (11.90) 

11 – 20 41 0 (0.00) 77 5 (6.49) 118 5 (4.24) 

21 – 30 72 1 (1.39) 126 35 (27.78 198 36 (18.18) 

31 – 40 89 2 (2.25) 137 17 (12.41) 226 19 (8.41) 

41 – 50 56 2 (3.57) 65 7 (10.77) 121 9 (7.44) 

≥ 51 33 1 (3.03) 45 6 (13.33) 78 7 (8.97) 

Total 317 9 (2.84) 466 72 (15.45) 783 81 (10.34) 
 

X2
crit = 12.59, X2

cal = 16.34,   df = 5, P < 0.05. 

 
 
 
Table 3. Prevalence of Cystoisospora belli in relation to Nutritional Status in Apparently Healthy subjects and HIV/AIDs patients in 

Minna 
 

BMI 
Normal (18.5 – 24.9 kg/m2) Wasting (< 18.5 kg/m2) Obese (> 25.0 kg/m2) Total(Kg/m2) 

No Exam No +ve (%) No Exam No +ve (%) No Exam No +ve (%) No Exam No +ve (%) 

App. Healthy 156 2 (1.28) 75 5 (6.67) 86 2 (2.33) 317 9 (2.84) 

HIV/AIDs 315 41 (13.02) 106 24 (22.64) 45 7 (15.53) 466 72 (15.45) 

Total 471 43 (9.13) 181 29 (16.02) 131 9 (6.87) 783 81 (10.34) 
 

X2
crit = 5.99, X2

cal = 4.05, df = 2, P > 0.05. 

 
 
 
Table 4. CD4 count related Prevalence of Cystoisospora belli in Apparently Healthy subjects and HIV/AIDs patients in Minna. 
 

CD 4 count (Cells/µL) 
App. Healthy HIV/AIDs Total 

No Exam No +ve (%) No Exam No +ve (%) No Exam No +ve (%) 

< 200 - - 102 39 (3824) 102 39 (38.24) 

200 – 499 150 6 (4.00) 243 28 (11.52) 393 34 (8.65) 

≥ 500 167 3 (1.80) 121 5 (4.13) 288 8 (2.78) 

Total 317 9 (2.84) 466 72 (15.45) 783 81 (10.34) 
 

X2
crit = 5.99, X2

cal = 8.0, df = 2, P < 0.05. 
 
 
 
Subjects whose CD4 cell counts were < 200 cells/µl had 
the highest (38.24%) infection rate while the least infection 
rate (2.78%) was found in subjects with CD4 cell counts ≥ 
500 cells/µl. There was significant difference in infection 
rates between CD4 cell counts and categories of subjects 
(P < 0.05) (Table 4).  

DISCUSSION 
 
This study confirmed the presence of cystoisosporiasis in 
Minna, Niger State, Nigeria with an overall prevalence of 
10.34%. The prevalence in this study was found to be 
higher than the report documented by Akinbo et al. (2009)  



 
 
 
 
in Edo State, Nigeria. Despite the high prevalence 
recorded in this study, the prevalence was however lower 
than 31% recorded by Djieyep et al. (2014) in Mubi and 
22% documented by Indrani et al. (2013) in Odishi among 
HIV patients. The low prevalence recorded in this study 
could be due to low circulation of the parasite among the 
population, loss of some of the parasite in the course of 
stool screening and less exposure to the parasite. The 
highest prevalence was recorded in subjects who are 
wasting is an indication of the inability of the body to 
withstand the infection due to weak immune status. 
Nutritional status determines the ability of the body to 
withstand infection because proper nutrition helps 
increases the immune system of the body.  

Age is one of the risk factors associated with parasite 
infection and its establishment because of the varying 
nature of immune system. This was observed in 
significance in infection rate between age group and the 
categories of subjects screened in this study. The highest 
infection rate recorded in 21 to 30 years old could be as a 
result of decline in immune status since depreciation in 
immune system in subjects make them susceptible to 
opportunistic infections than those whose immune system 
are strong to withstand infection. The highest prevalence 
among the 21 to 30 years old in this study differs from the 
report of Dawit (2013) who reported the highest 
prevalence among patients who were ≥ 48 years old. 

Subjects who are wasting in this study had the highest 
infection rate compared to those without weight loss 
among the categories of subjects screened. The 
susceptibility of this group to the infection could have 
resulted from depletion of body immune system due to loss 
of useful body nutrients. This finding is in line with the 
report of Mekonnen et al. (2014) on patients who are on 
HAART in Ethiopia. Other researchers also documented 
loss of weight in patients infected with C. belli (Ana et al., 
2010; Min et al., 2013; Din et al., 2012). 

The infection rate was highest in subjects with CD4 
counts < 200 cells/µL. This could be an indication of 
depreciating immune system. A CD4 cell plays very 
important role in maintenance of health. However, 
depletion of CD4 cell counts often lead to increased 
susceptibility to opportunistic parasites. The result in this 
study agrees with the work of Djieyep et al. (2014), 
Fredrick et al. (2011) and Gupta et al. (2008). This study 
thus, confirmed that Cystoisosporiasis is prevalent in 
Minna, Niger State, Nigeria. 
 
 

Conclusion and recommendations 
 
Cystoisospora belli is prevalent in Apparently Healthy 
subjects and HIV/AIDs patients in Minna, Niger State, 
Nigeria and the infection rate is higher in HIV/AIDs patients 
than in Apparently Healthy subjects.  

Therefore, it is important to carry out routine screening 
for C. belli parasite in individuals who are immune 
deficient,  malnourished   or  may   have   suffered   prolong  
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diarrhoea symptom. Cystoisospora belli infected 
individuals should be screened for HIV because it a marker 
for HIV infection. 
 
 

CONFLICT OF INTEREST 
 

The authors declare that they have no conflict of interest. 
 
 

REFERENCES 

 
Akinbo, F. O., Christopher, E. O., & Ricardo, L. M. (2009). 

Isosporiasis in HIV/AIDS Patients in Edo State, Nigeria. 
Malaysian Journal of Medical Sciences, 16(3), 41-44. 

Amuta, E. U., & Mker, S. (2009). Impact of socio-demographic 
and economic factors on the prevalence of intestinal parasites 
among female gender in Makurdi, Benue state. The Internet 
Journal of World Medicine, 8, 2, 

Ana, P. A., Begoria, M. M., Marta, D. M., Francesca, N., Jose, A. 
P., & Rogelio, L. V. (2010). Self – limited Travellers’ Diarrhoea 
by I. belli in a Patient with Dengue Fever. Journal of Society of 
Travel Medicine, 18 (3), 212-213. 

Assefa, S., Erko, B., Medhin, G., Assafa, Z., & Shimelis, T. 
(2012). Intestinal parasitic infections in relation to HIV/AIDs 
status, diarrhoea and CD4 T-cell count. Journal of Biomedical 
Central Infectious Disease, 9,155. 

Bialek, R., Overkamp, D., Retting, I., & Knobloch, J. (2011). Case 
report: Nitazoxanide treatment failure in chronic Isosporiasis. 
American Journal of Tropical Medicine, 65, 94-95. 

Cappello, M. (2004). Global impacts of soil-transmitted 
nematodes. Pediatrics Infectious Disease Journal, 23, 663-4, 

Centre for Disease Control and Prevention (2012a). Parasites – 
Cystoisosporiasis (formerly known as Isosporiasis). Available 
at https://www.cdc.gov/parasites/cystoisospora/index.html. 

Retrieved on 18/04/2015. 
Centre for Disease Control and Prevention (2012b). Laboratory 

Procedure Manual: Complete Blood Count with 5 parts 
differentials in whole blood using NHANES. Pp. 1-195. 
Available at https://www.cdc.gov/nchs/data/nhanes/nhanes 
_11_12/cbc_g_met_he.pdf.  

Dawit, K. R. (2013). Prevalence of Isospora belli and 
Cryptosporidium parvumInfections among HIV Sero – positive 
Patients in Asella Hospital, Arsi Zone, Central Ethiopia. Pp. 1-
166. 

Desalegn, A. (2013). Effects of Intestinal Parasitic Infection and 
Nutritional Status on Academic performance of school 
children. World Journal of Arts, Commerce and Science, 1(2), 

01-07. 
Din, U. N., Torka, P., Hutchison, R. E., Riddell, W., & Gajra, A. 

(2012). Case severe Isospora (Cystoisospora) belli diarrhoea 
preceeding the diagnosis of Human T-cell-leukemia-virus-1- 
Associated T-cell lymphoma. Case reports in infectious 
Diseases. 2012(2012), 4p.  

Djieyep, A. C. N., Djieyep, F. D., Pokam, B. T., David, D. L., & 
Kamga, H. L. F. (2014). The prevalence of intestinal coccidian 
parasites burden in HIV/AIDs patients on antiretroviral therapy 
in HIV centres in Mubi, Nigeria. African Journal of Clinical and 
Experimental Microbiology. 15(3), 165-172. 

Drake, L. J., Jukes, M. C. H., Sternberg, R. J., & Bunday, D. A. 
P. (2000). Geo-helminth infections (ascariasis, trichiuriasis, 
and hookworm): cognitive and development impacts. Seminar 
on Paediatric Infectious Disease, 11, 245-251. 

Edward, M., & Michael, K. (2004). Worms: Identifying impacts  on  



14        J. Public Health Dis. 
 
 
 

Educational and Health in the presence of treatment 
externalities. Journal of Econometrica, 72 (1), 159-217. 

Fredrick, O. A., Christopher, E. O., & Richard, O. (2011). 
Prevalence of Intestinal Parasites in Relation to CD4 counts 
and Anaemia among HIV – Infected Patients in Benin City, Edo 
State, Nigeria. Tanzania Journal of Health Research, 3(2), 10-
16. 

Gupta, S., Narang, S., Nunavath, V., & Singh, S. (2008). Chronic 
diarrhoea in HIV patients. Prevalence of coccidian parasites. 
Journal of Medical Microbiology, 26(2), 172-175. 

Guyatt, H. L. (2000). Do intestinal nematodes affect productivity 
in adulthood? Parasitol Today, 16, 153-158. 

Inabo, H. I., Aminu, M., Muktar, H., & Adeniran, S. (2012). Profile 
of intestinal parasitic infections associated with diarrhoea in 
HIV/AIDs patients in tertiary care hospital in Zaria, Nigeria. 
World Journal of Life Science Medical Resources, 2, 43-47. 

Indrani, M., Pritilata, P., Susmita, S., Mutikesh, D., Moningi, V. 
N., Sanghamitra, P., & Banojini, P. (2013). Prevalence of 
isosporiasis in relation to CD4 cell counts among HIV-infected 
patients with diarrhoea in Odisha, India. Advanced Biomedical 
Resources, 2, 61. 

Kuma, S. S., Ananthan, S. S., & Lakshmi, P. (2002). Intestinal 
parasitic infection in HIV infected patients with diarrhoea in 
Chennai. Indian Journal of Medical Microbiology, 20(2), 88-91. 

Mahdi, N. K., & Ali, N. H. (2002). Intestinal parasites, including 
Cryptosporidium species, in Iraqi patients with sickle-cell 
anaemia. East Mediterranean Health Journal, 8(2-3), 345-349. 

Mekonnen, G., Wondu, T., Beyene, P., & Tekola E. (2014). 
Cryptosporidiosis and Isosporiasis among HIV-positive 
individuals in south Ethiopia: a cross sectional study. BMC 
Infectious Diseases. 14:100 

Min, J. K., Woo, H. K., Hyun-chae, J., Jee-won, C., & Jong-yil, C. 
(2013). Isospora belli Infection with Chronic Diarrhoea in an 
Alcoholic Patient. Korean Journal of Parasitology, 51(2), 207-

217. 
Ministry of land and survey (2014). Map of Niger State. Available 

at www.maps.google.com.ng. Retrieved on the 6th of August, 
2015. 

National Population Commission (NPC) (2006). Access my 
library.com, NgEx.com. 

Neha, G., Sumeetaq, K., Aman, S., & Rakesh, S. (2014). 
Isosporiasis in a tertiary care centre of North India. Indian 
Journal of Pathology and Microbiology, 57(2), 272-274. 

Ogbe, M. G., & Odudu, L. A. (1990). Gastro-intestinal helminths 
in Epe LGA, Lagos State, Nigeria. Nigerian Journal of 
Parasitology, 9-11, 95-106. 

Paul, A. (2012). Cystoisospora belli. Microbiology. Johns 

Hopkins ABX Guides. Available at 
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins
_ABX_Guide/540152/all/Cystoisospora_belli. Retrieved on 
30th August, 2017. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Pravean, K., Omvat, V., Dinesh, K., & Sarman S. (2017). 

Coccidian Intestinal Parasites among Immunocompetent 
Children presenting with diarrhoea. Are we missing them? 
Journal of Tropical Parasitology, 7(1), 37-40. 

Rattan, L. I., & Rajesh, B. (2005). Medical parasitology. Jaypee 
Brothers Medical Publishers. New Delhi. Pp. 110-112. 

Resiere, V. B., & Chachaty, N. B. (2003). Isosporabelli infection 
in a patient with non-Hodgkin's lymphoma. Journal of Clinical 
and Microbiology Infection, 9(10), 1065-1067. 

Sanad, T., Al-Olayan, A., Al-Hammaad, A., & Mohamed, (2014). 
Opportunistic Coccidian Parasites among Saudi Cancer 
Patients Presenting with Diarrhea: Prevalence and Immune 
Status. Research Journal of Parasitology, 9, 55-63. 

Sauda, F. C., Zamarioli, L. A., Filho, W. E., & de Barros Mello, L. 
(1993). Prevalence of Cryptosporidium sp. and Isospora belli 
among AIDS patients attending Santos Reference Center for 
AIDS, Sao Paulo, Brazil. The Journal of parasitology, 79(3), 
454-456. 

Savioli, L., & Albonico, M. (2004). Soil-transmitted helminthiasis. 
Nature Reviews Microbiology, 2, 618-619. 

Steketee, R. W. (2003). Pregnancy, Nutrition and Parasitic 
Diseases. Journal of Nutrition, 133, 1661S-1667S. 

Woon, S. A., Yang, R., Ryan, U., Boan, P., & Prentice, D. (2016). 
Chronic Cystoisospora belli infection in an immunocompetent 
Myanmar refugee–microscopy is not sensitive enough. Journal 
of BioMedical Centre and Infectious Diseases, 16(1), 221. 

Vignesh, R., Balakrishnan, P., Shankar, E. M., Murugavel, K. G., 
Hanas, S., & Cecilia, A. J. (2017). High proportions of 
Isosporiasis among HIV infected patients with diarrhoea in 
Southern India. American Journal of Tropical Medicine and 
Hygiene, 77(5), 823-824. 

World health Organization (2018). Body Mass Index. 
UncityMarmorrey DK – 2100 Copnhagen ǿ Denmark. 
Available at http://www.euro.who.int/en/health-topics/disease-
prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi. 
Retrieved on the 7th of February, 2018. 


