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Abstract 
 
Background: Diagnosis of Cryptosporidiosis and associated diarrhea especially among HIV infected and 
AIDS patients remain a big challenge for health care providers in this region.  
 
Objective: To determine the prevalence of cryptosporidiosis among the hospital attendees in the 
Bushenyi district of Uganda.  
 
Materials and Methods: Standard parasitological methods were used in the identification of parasites 
including cryptosporidiosis from among the 105 diarrhea patients whose samples were analyzed.  
 
Results. We report a 66.7% (70 out of 105) overall parasite prevalence and 16.2% (17 out of 105) 
prevalence of Cryptosporidium oocysts was found in the patients studied. Fifty-two percent (52.1%) of the 
patients were HIV positive and the majority of the study population presented with persistent diarrhea 
(67.4%). High percentages of HIV-positive cases were observed in the 25-34years (44.0%) and the 35- 45 
years (28.0%) age groups. Other intestinal parasites found to be causing diarrhea alongside 
cryptosporidium are hookworm which was observed in 12 (11.4%) patients, Ascaris lumbricoides also in 
12 (11.4%) patient, Entamoeba histolytica was found in 11 (10.5%) patients, Giardia lamblia in 5(4.8%) 
patients, Isospora belli in 5(4.8%), Cyclospora cayetanensis in 4 (3.8%) patients, Strongyloides stercolaris 
in 2 (1.9%), and Trichuris trichiura was found in 2 (1.9%) patients.  
 
Conclusion: Poor hygiene both personal and environmental, poor diagnostic, clinical, prevention, and 
control skills facilities may have impacted on Cryptosporidiosis reported in this study. Opportunistic 
infections and comorbidities by other parasites were noted in HIV/AIDS among the studied population. 
Microscopic detection of Cryptosporidium species assists ineffective intervention.   
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Introduction:  

Cryptosporidium pavum and Cryptosporidium 
hominis are protozoan parasites that have 
remained predominant both in 
immunocompetent and in 
immunocompromised HIV Infected and 
malnourished individuals (1).  Other species, 
such as C. felis (2-3), C. meleagridis (3-4), C. canis 
(3, 5), C. suis (3), C. muris (6), and more rarely C. 
baileyi (7) can infect humans too, especially 
children under the age of 5 years and 
immunocompromised individuals especially 
those infected with HIV (8).  
In immunocompetent individuals, infection with 
this parasite may be asymptomatic and self-
limiting, but in immunocompromised patients 
such as those with HIV/AIDS Cryptosporidium spp. 

may cause severe, chronic, and possibly fatal 
diarrhea and wasting disease syndrome. In 2004, 
cryptosporidiosis was added to the WHO's 
'Neglected Diseases Initiative' linked to poverty 
and lack of access to good health services (9).  
Cryptosporidiosis prevalence in children varies 
extensively across sub-Saharan Africa and within 
certain subcategories of the population.  
Although rarely diagnosed in children, 
coinfection with other enteric pathogens occurs 
frequently, because of common exposure to the 
disease agent through poor sanitation and 
hygiene and because of immune predilection 
mostly induced by HIV infection.  
In most sub-Saharan countries, cryptosporidiosis 
prevalence peaks among children aged 6–12 
months and decreases afterward. Breast-feeding 
may afford some protection, either through 
conferment of immunoglobin or avoidance of 
contaminated water. This may explain why 
infection is delayed until after the age of 6 
months, an age that is commonly marked by the 
introduction of complementary foods. Children 
likely experience infection throughout childhood 
and adolescence, although the clinical 
significance becomes less apparent with age. 
This is probably attributable to the development 

of immunity following frequent exposure to 
oocysts in the contaminated environment. 
All Cryptosporidium species are transmitted in 
the various hosts by ingestion and inhalation of 
oocysts, irrespective of the species types. In 
young children, infections with C. hominis and, if 
symptomatic, C. parvum, are often heavily 
associated with fecal lactoferrin and growth 
shortfalls. C. hominis appears to stimulate 
inflammation irrespective of age.  
This raises important questions on how it may 
precisely induce greater proinflammatory 
response (10). C. meleagridis can be confirmed 
as an emerging human pathogen, being 
responsible for 1% of all infections in England 
(11) and about 10% in Perù, where its prevalence 
is as high as for C. parvum (12). Geographical 
patterns for both parasite species were observed 
among the countries (Uganda, Serbia, Turkey, 
Israel, UK, USA, and New Zealand), possibly 
because of different prevailing ecological 
determinants of transmission.   
The predominance of C. hominis was observed in 
developing countries, such as pediatric 
populations from (6), Malawi (13), Kenya (14), 
India (15), Haiti (16), and Brazil (17), children and 
elderly persons from South Africa (18), and 
hospitalized HIV-infected children from South 
Africa (19) and Uganda (20).   
Poor diagnostic skills and technologies may lead 
to under-reporting while the increased regional 
prevalence was caused by the extensive 
diagnostic activity of reporting laboratories (21), 
suggesting that, even in high-income countries, 
routine diagnostic protocols should be 
thoroughly integrated with advanced 
identification workflows.  
Cryptosporidiosis was one of the original AIDS-
defining illnesses and as such was associated 
with an increased risk of death (22). The 
emergence of drug-resistant HIV variants and 
failure or discontinuation of highly active 
retroviral therapy (HAART) has been associated 
with the re-emergence of Cryptosporidium spp. 

Infection in these patients (23-24). In the 
absence of a universal treatment program and 
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with the lack of access to care, cryptosporidiosis 
continues to be a significant public health 
challenge in developing countries. There is no 
universally accepted effective specific treatment 
for cryptosporidiosis in immunocompromised 
patients, and continued efforts to develop 
strategies to prevent and treat this disease in 
vulnerable populations remain invaluable.  
There is no surveillance on cryptosporidium-
associated diarrhea and other related diseases in 
Bushenyi despite its association with HIV/AIDS 
which has continued to ravage local inhabitants 
especially those living in hard-to-reach areas 
where many still die unknown uncharacterized 
preventable opportunistic infections. 
Management of diarrhea in both HIV-infected 
and AIDS patients and the general population 
still depends on presumptive diagnosis with no 
database for precise confirmation of etiology. 
Efforts to improve the database may impact the 
diagnostic capacity of healthcare providers.  

Objective 

This study was therefore designed to outline the 
burden and prevalence of Cryptosporidium spp in 

the Bushenyi district with the ultimate goal of 
mapping out the disease epidemic among the 
most vulnerable population of HIV/AIDS 
patients.  
 

Materials and Methods 

This is a cross-sectional prospective study 
conducted at the Kampala International 
University-Teaching Hospital (KIUTH) located in 
Ishaka-Bushenyi district southwestern Uganda. 
The study populations were Hospital attendees 
aged 15 years and above, that presented with 
gastroenteritis and chronic debilitating diarrhea 
at KIUTH. Diarrhea in this study was defined as 
passing three or more watery stools within 24 
hours. The study focused on and recruited all 
consenting men and women aged 15 years and 
above who were diagnosed with diarrhea for a 
minimum of one week. Informed consent was 
sought and obtained from participants and 
approval was obtained from appropriate official 
approving bodies. Confidentiality was ensured 

for all the views, results, and comments 
obtained.   
The 105 stool samples collected between May 
and September 2009 and analyzed was guided 
by the sample size (n), calculated using standard 
formula n = z2 p (1-p19)/d2, where: d = margin of 
error of 0.05, p = prevalence of cryptosporidiosis 
in Uganda (9%), (25), z =level of significance 
(1.96) for a confidence interval of 95%.  
Stool samples were analyzed using standard 
microbiological methods to identify and 
characterize etiological agents of 
cryptosporidiosis in this region. Demographic 
characteristics such as age, sex, educational 
level, and health status of the participants were 
also collected to help as a reference point to 
interpret the data generated. Statistical Package 
for the Social Sciences (SPSS) software version 22 
was used to test the significance of the data 
(dependent and independent variables) 
generated from the investigation.  
To be more specific: stool specimens were 
examined macroscopically for their consistency 
(formed, loose soft & watery), color, odor, and 
presence of blood and mucus, gross inspection 
was also carried out on stool for parasites that 
may be seen as in the case of tapeworm 
proglottides, roundworm and pinworm. 
Unstained wet films were made by emulsifying a 
small number of feces in a drop of physiological 
saline placed on a slide while stained smears 
were prepared with 1% aqueous solution of 
eosin and Lugol's iodine diluted 1 to 5 solution. 
The slide was placed on the microscope stage 
and examined using 10x and 40x objective lens 
and the findings were recorded.  
Decontamination of slides was achieved 5% 
Lysol. 
Formol-ether concentration technique was 
performed by transferring half tea-spoonful of 
feces in 10 ml of water in a glass container and 

mixed thoroughly. Two layers of gauze were 
placed on a funnel and the content strained into 
a 15 ml centrifuge tube, and later centrifuged for 
2 minutes at about 500g, and the entire process 
of washing and centrifuging repeated 2 times. 
The sediment was suspended in 7 ml of 10% 
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formaldehyde (1 part of 40% formalin in 3 parts 
of physiological saline) and three ml of ethyl 
acetate were added. The tubes were closed with 
stoppers and shacked (vortexed) vigorously to 
mix well. The stoppers were removed and 
centrifuged at 500g for 2 minutes. The tubes 
were allowed to rest in a stand for about 10 
minutes. Four layers now became visible thus: 
the top layer consisted of ether, the second was 
a plug of debris, and third was a clear layer of 

formalin and the fourth was the sediment.  
The plug of debris was detached from the side of 
the tube with the aid of a glass rod and the liquid 
poured off, leaving a small amount of formalin 
for the suspension of the sediment. With a 
pipette, the sediment was removed and mixed 
with a drop of iodine, and examined under the 
microscope with low (x10) and high power (x40). 
The use of modified Ziehl-Nielsen stain for fecal 
smears has already been established as a known 
standard parasitology method for coccidian 
protozoa detection. Fecal smears were, 
therefore, made both directly from stool 
samples and the concentration deposits.  
The smear was allowed to air dry and fixed in 
methanol for 3 minutes. Smears were then 
stained with double strength strong carbon 
fuchsin for 20 minutes. The smears were 
decolorized using acid alcohol (1% HCl in 
methanol) for 20 seconds and rinsed in tap 
water. Counterstaining was carried out using 
0.4% methylene blue for 60 seconds. The smears 
were then rinsed thoroughly in running tap 
water and the undersurface of the slides was 
wiped clean using cotton wool. The smears were 
left to air dry and examined using 40x and 100x 
objectives and the result was recorded.  
Extensive measures were undertaken to ensure 
quality results. There was strict monitoring of 
the quality of specimens, turnaround time, 
sample preparation and examination, reagents 
preparation and equipment, reviewing test 
results and control using established aseptic 
laboratory standard operation procedures 
(SOPs). Quantitative data were analyzed using 
the statistical package for the social sciences 
(version 22.0). Pearson's two-tailed correlation 

coefficients (a=0.05) and linear logistic 
regression were the statistical tools used to 
determine the significance of data obtained. 
Limitations of this study included the 
unwillingness of some patients to participate in 
the study even after consenting earlier.  
However, after thoroughly explaining the 
purpose of the study, they were assured of 
confidentiality for all the information, views, and 
comments obtained from them and these 
improved the situation. Poor financial, human 
and material resources limited the study to 
phenotypic assessment effectively excluding 
molecular assay which could have assisted in 
answering deeper questions regarding 
cryptosporidiosis. Lack of enough facilities, 
sophisticated equipment, and time for research 
could not allow a more comprehensive study to 
be taken. 
 

Results 

We report a 66.7% (70 out of 105) overall 
parasite prevalence and 16.2% (17 out of 105) 
prevalence of Cryptosporidium oocysts was 
found in the patients studied. No parasite was 
detected in 37 (35.2%) patients investigated. The 
age range was between 15 years to 80 years. The 
majority 34(32.4%) of the patients were 
between 25-34 years. Females 67(63.8%) 
formed the largest part of the study population. 
Fifty-two percent (52.1%) of the patients were 
HIV positive and the majority of the study 
population presented with persistent diarrhea 
(67.4%). High percentages of HIV-positive cases 
were observed in the 25-34years (44.0%) and the 
35- 45 years (28.0%) age groups.   
Cryptosporidiosis was common among females, 
who also showed a higher HIV prevalence. 
Parasites were detected in 70 samples analyzed 
giving a total parasite prevalence of 66.7%, while 
no identifiable parasite was found in 37(35.2%) 
of the study population. Cryptosporidium species 
showed the highest prevalence of 16.2% of the 
parasites detected. Other intestinal parasites 
found to be causing diarrhea alongside 
cryptosporidium are hookworm and Ascaris 
lumbricoides with 12 (11.4%) prevalence each. 
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Entamoeba histolytica was found in 11 (10.5%) 
patients, Giardia lamblia in 5(4.8%) patients, 
Isospora belli in 5(4.8%), Cyclospora 
cayetanensis in 4 (3.8%) patients, Strongyloides 
stercolaris in 2 (1.9%), and Trichuris trichiura was 
found in 2 (1.9%) patients. 
The study also reveals that cryptosporidiosis is 
high in people of poor socio-economic status, 
out of 17 cases of Cryptosporidiosis study 
12(70.6%) was found to be associated with poor 
living conditions, they use un-boiled, unfiltered 
drinking water some time direct from the swamp 
which may be contaminated with 
cryptosporidium oocysts and these increase the 
risk of infection. The level of education also 
contribute to cryptosporidium infection, people 
of lower educational levels were found to be 
associated with Cryptosporidiosis, out of 17 
cases, 14 patients (82.4%) was found to be 
having a lower educational background as 

compared to only 3 patients (17.6%) which was 
found to be having at least some good level of 
educational background. 
 
Table1. Age and sex distribution in the study 
population    
 

Age 
grp 

Percentage 
(%) 
N = 66% 

Male  
n = 38 

Female 
n = 67 

15-24 19(18.1%) 7(18.4%) 12(17.9%) 

25-34 34(32.4%) 11(28.9%) 23(34.3%) 

35-44 23(21.9%) 9(23.7%) 14(20.9%) 

45-54 15(14.3%) 6(15.8%) 9(13.4%) 

55-64 10(9.5%) 4(10.5%) 6(9.0%) 

65-74 4(3-8%) 1(2.8%) 3(7.9%) 

75-84 1(0.95%) 0(0.0%) 1(1.5%) 

 
 
 
 
 
Table 2. Cryptosporidiosis and HIV distribution in the study population according to age.       

   Age group Cryptosporidium Health status 

 
 

Positive  
n =17   

Negative  
n = 88  

HIV Positive  
n = 54 

Unknown  
n = 51 

15-24 1(5.9%) 9(10.2%) 
 

3(10.3%) 13(17.1%) 

 
25-34 

9(52.9%) 
 

32(36.4%) 
 

13(44.8%) 26(34.2%) 
 

35-44 
 

4(23.5%) 23(26.1%) 
 

8(27.6%) 
 

17(22.4%) 
 

45-54 
 

2(11.8%) 
 

14(15.9%) 3(10.3%) 
 

11(14.5%) 
 

55-64 
 

0(0.0%) 6(6.8%) 
 

1(3.4%) 
 

3(3.9%) 

65-74 
 

0(0.0%) 
 

3(3.4%) 
 

1(3.4%) 
 

4(5.3%) 
 

75-80 
 

0(0.0%) 1(1.1%) 0(0.0%) 2(2.6) 

Key; %=percentage, n=number 
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Table 3 Distribution of cryptosporidium with 
other intestinal parasites according to sex 
 

Parasites Patients  

    

 Male  
n = 38 

Female  
n = 67 

Total  
n = 105 

Cryptosporidium  6(5.7%) 11(10.5%) 17(16.2%) 

Cyclospora 
cayetanensis 

1(1.0%) 3(2.9%) 4(3.8%) 

Giardia lamblia  2(1.9%) 3(2.9%) 5(4.8%) 

Hookworm  5(4.8%) 7(6.7%) 12(11.4%) 

Strongyloides 
stercolaris 

0(0.0%) 2(1.9%) 2(1.9%) 

Entamoeba 
histolytica 

4(3.8%) 7(6.7%) 11(10.5%) 

Isospora belli 2(1.9%) 3(2.9%) 5(4.8%) 

Trichuris 
trichiura  

0(0.0%) 2(1.9%) 2(1.9%) 

Ascaris 
lumbricoides 

4(3.8%) 8(7.6%) 12(11.4%) 

Key; %=percentage, n=number 
  

Discussion   

The sustained increase in cases of diarrhea in 
resource-poor settings despite increasing 
research attention warrants investigation, and 
the emergence of new technologies to improve 
our parasite recovery potentials holds promise 
for success in diarrhea research and 
interventions. Successful epidemiological 
assessment of any disease type includes an 
effective description of its disease etiology. 
Effective management of diarrhea in HIV-
associated disease will therefore include the 
ability to map out the microbial etiology of 
common disease.  
In this study, 16.2% of cryptosporidiosis was 
reported among the study population of adults 
aged 15 years and above. This is higher than the 
report of 1% from England and 10% from Peru 
(11-12). Differences in prevalence reported in 
the studied sub-regions may be associated with 

poor diagnostic and human resources for health. 
This suggestion is based on the fact that good 
facilities are often associated with better 
prevention and control measures compared with 
poor or limited resources. Again different 
prevailing ecological determinants of parasite 
spread may explain the observed differences in 
geographical patterns of the parasites in 
developed (UK, USA, New Zealand, and Israel) 
and developing (Uganda, Turkey, and Serbia) 
countries.  
Generally, any disease associated with poor 
hygiene is likely to be more prevalent in 
countries with limited resources. 
Cryptosporidiosis may be recognized as an 
emerging infection throughout the world 
especially in places with poor personal, water, 
and food hygiene. Factors that help in parasite 
transmission include transmission in daycare 
centers, swimming pools, public water supplies, 
and other water sources. The main risk factor for 
disease spread among the study population in 
Ishaka, Bushenyi district is poor personal water 
and food hygiene as the purity of the water 
cannot be guaranteed.  
The water source used by the majority of the 
participants is stagnant ponds and crater lakes 
while pipe-borne water is available for the 
privileged few who can pay for the services. 
Previous epidemiological studies of C. parvum 
have typically utilized pathogen detection in 
feces as a marker of acute infection. In numerous 
studies, C. parvum was more commonly found in 
the feces of diarrheal patients. Therefore, all 
sources of drinking water since birth could be 
potential sources for the acquisition of C. 
parvum. Large outbreaks of cryptosporidiosis 
attributable to contaminated municipal water 
supplies have been documented.     
Cryptosporidium was detected by modified acid-

fast staining of fecal smears in only 2% of 
samples analyzed in Accra, Ghana (26) compared 
to 16.2% obtained in this study with the same 
detection protocol or modified acid-fast staining 
of fecal smears. This is different from 8.7% from 
Accra using real-time, state-of-the-art DNA 
technologies (27).  The impact of study design 
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and/or protocol on disease burden estimates 
was demonstrated in a recent review of studies 
from sub-Saharan Africa that used healthcare-
seeking behavior as a substitution for more 
severe illness and found higher rates of 
cryptosporidiosis among children recruited in 
hospital-based studies (14.6–22.2%) compared 
to community-based studies (7.5–12.5%) (28). 
Seropositive rates of 17–54% were found in the 
United States, reaching 70% among children 
living near the Mexican border. Rates were 
somewhat higher in Southern and Eastern 
Europe (33–88%) and some developing countries 
(64–94%) (29-31).  
These high prevalences may be due to under-
reporting, poor diagnostic skills caused indirectly 
by poor resources regarding management and 
control of the disease in developing countries. If 
the use of improved diagnostic technology 
impacted the burden of the disease reported in 
other regions that could not have been the case 
in this study since methods used were only 
improved Zeel Nelson techniques backed by 
experienced microscopists.   
In this study, 52.9% of Cryptosporidium species 
were seen among 44.8% of HIV patients in the 
region and cryptosporidium disease 
transmission was significantly (p<0.05) 
dependent on HIV transmission. Most Uganda 
Cryptosporidiosis is due to C. hominis and C. 
pavum (6, 9) but similar studies in other African 
countries show that C hominis is the 
predominant pathogen for Cryptosporidiosis 
(20, 5). Another Uganda study in Mulago 
Hospital shows 8.5% prevalence in all 
participants whether they were HIV patients or 
not (32). 
 This may also be due to the sensitivity of the 
diagnostic methods used in the Mulago study, 
rather than an exceptionally high prevalence in 
these populations. HIV/AIDS status of 
participants may also be a factor since it has 
been reported that HIV coinfection with the 
sexually transmitted disease has a mutually 
beneficial effect whereby STD assists HIV disease 
to progress while virus also helps HIV to progress 
as well.  

Diarrhea in HIV/AIDS is known to be caused by 
any of the following common pathogens, 
including viruses, fungi, bacteria, and helminths. 
There is no specific mix of pathogens and 
opportunistic agents present in HIV-associated 
diarrhea although the enteric pathogens vary 
from patient to patient and from country to 
country.  
One pathogen, which in immunocompromised 
HIV-positive individuals can cause chronic 
diarrhea, is Cryptosporidium. In 
Immunocompetent individuals, 
cryptosporidiosis is usually self-limiting, but not 
in individuals who are HIV-positive and 
immunocompromised.  Diarrhea is not life-
threatening, but can severely hamper daily 
activities and lower quality of life.  
Cryptosporidiosis is often linked to impaired 
immunity, particularly HIV-associated 
immunosuppression, hence many of the studies 
on Cryptosporidium prevalence have been 

performed on HIV-positive patients, most often 
including adults, but also children (33). In our 
study, we found an association between 
Cryptosporidium infection and HIV-status. 

Although the HIV-status was only known for 
approximately one-third of the children, HIV-
positive patients were almost eight times more 
likely to have Cryptosporidium than those who 

were HIV-negative. The study among Kenyan 
children also found this association, but with an 
odds ratio of 3.1 (32).  
A study of Ugandan children with persistent 
diarrhea found that HIV-positive children were 
18 times more likely to have Cryptosporidium than 

those who were HIV-negative (32). There was no 
child examined in this study and therefore we 
cannot predict what the situation of children 
may be using this study. However, Cryptosporidium 

should not be ignored as a cause of diarrhea in 
small children not known to be HIV-positive, 
because it is reported as an important pathogen 
at all sites regardless of HIV-prevalence, and the 
second most common pathogen causing 
diarrhea in infants (34). 
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Overall parasites prevalence was 66.7% and 
other parasites identified from the samples 
analyzed excluding cryptosporidium was, 
included the following: 12 (11.4%) of hookworm 
and Ascaris lumbricoides patient, 2 (1.9%) of 
Strongyloides stercolaris and Trichuris trichiura. 
Hookworm lowers haemoglobin levels and 
triggers anemia. Studies in East Africa 
demonstrated a strong correlation between 
hookworm infection and anemia.  
In a community in coastal Kenya, severe anemia 
was associated with hookworm infections (>200 
eggs per gram) at all ages (range 6–76 months), 
in both sexes, (35). In Zanzibar, Tanzania, low 
haemoglobin concentrations were associated 
with malaria parasitaemia in children less than 
30 months, and with hookworm intensity in 
children aged 30–71 months. About T. trichiura, 
moderate-heavy infections have similarly been 
associated with higher anaemia levels, 
particularly in malnourished children (36), and 
co-infection with T. trichiura and hookworms 
may exacerbate hookworm-mediated anaemia 
(37).  
There is now a substantial body of research that 
demonstrates how Soil-Transmitted Helminths 
(STH) infections impair healthy nutrition (38-39). 
Growth in STH-infected children is compromised 
through a variety of mechanisms, including 
reduced food intake due to malabsorption 
and/or reduced appetite (39). As a result, 
infected children show higher levels of stunting 
(38). Ascaris live in the gut, where it interferes 
with the absorption of vitamin A.  
In preschool children (PSAC) whose diet may 
already dangerously be low in vitamin A, Ascaris 
infection may trigger clinical vitamin A deficiency 
and thus may significantly contribute to 
increased morbidity (such as blindness) and 
mortality. There were no school children in this 
study but the study population who were 
recruited based on possession of chronic 
diarrhea and immune suppression induced 
probably by malnutrition or HIV/AIDS may also 
be exposed to such health risks as gross vitamin 
A deficiency.   

From birth to the time child is ready to enter 
school, significant skills are acquired in different 
domains that pave the road for the rapid 
cognitive development that takes place at 
around 6 years. It is evident that soil-transmitted 
helminths (STH) infections negatively impact 
motor and language development. STH 
infections early in life may therefore negatively 
affect these cognitive indicators when they are 
measured (40).  
This could be due to a variety of causes, both 
direct and indirect, including induced 
sleeplessness and micronutrient losses, mainly 
iron. Changes in cognitive performance may also 
be plausibly linked with inflammatory response 
and cytokines triggered by parasitic infections.   
Other parasites identified from the study 
included 11 (10.5%) Entamoeba histolytica, 
5(4.8%) Giardia lamblia, 5(4.8%) Isospora belli, 
and 4 (3.8%)  Cyclospora cayetanensis 
respectively in patients (41-42). That E. bieneusi 

and Cryptosporidium were also found is consistent 

with previous observations and in other 
populations (43-46).  
The prevalence of Cryptosporidium in HIV-
infected children is as high as Cryptosporidium 

(73.6%), E. bieneusi (76.9%), both (69.2%), or one 

or both (81.3%). These findings support the fact 
that factors contributing to parasites distribution 
are still very much common among the studied 
population and therefore warrant more detailed 
research attention for better health care.   
 
Conclusion  
The observed Cryptosporidiosis among the 
studied adult population may be due to poor 
hygiene both personal and environmental, poor 
diagnostic, clinical, prevention and control skills 
facilities may have impacted also the reported 
cases of Cryptosporidiosis in this study. 
Opportunistic infections and comorbidities by 
other parasites were noted in HIV/AIDS among 
the studied population. Cryptosporidium parvum 
may be diagnosed by either Ziehl-Neelsen stain 
or immunofluorescence tests in smears of 
unconcentrated stool specimens at a significant 
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amount to assist in effective intervention. 
Coinfection of Soil-transmitted helminths with 
HIV-infected and AIDS patients was also noted.  
Cryptosporidium Training efforts to improve 
hygiene, risk assessment, and practices should 
be improved.  Improved hygiene, education to 
the mass and provision of clean drinking water 
within the community may reduce the spread of 
cryptosporidium infections.  
Since Cryptosporidium has the potential to infect 
many people from a common point-source 
outbreak, much research still needs to be done 
to clarify the relationship between low numbers 
of oocysts in drinking water and the frequency of 
cryptosporidium infection; determine the 
asymptomatic carrier rate for Cryptosporidium in 
immunocompromised persons and the chance 
that these individuals will develop 
cryptosporidiosis when their CD4 counts drop to 
a low level.  
 

1. References 

2. Šlapeta J. “Centenary of the genus 
Cryptosporidium: from morphological to 
molecular species identification,” in Giardia 
and Cryptosporidium: From Molecules to 
Diseases, G. Ortega-Pierres G, Cacciò SM, 
Fayer R, Mank TG, Smith HV, and Thompson 
RCA, Eds., chapter IV, pp. 31–50, CABI, 
Oxfordshire, UK. 

3. Ryan UM and Xiao L, “Molecular 
epidemiology and typing of non-human 
isolates of Cryptosporidium,” in Giardia and 
Cryptosporidium: From Molecules to 
Diseases, G. Ortega-Pierres G, Cacciò SM, 
Fayer R, Mank TG, Smith HV, and Thompson 
RCA, Eds., chapter IV, pp. 65–80, CABI, 
Oxfordshire, UK. 

4. Morgan UM, Xiao L, Fayer R, Lal AA, and 
Thompson RCA, “Variation in 
Cryptosporidium: towards a taxonomic 
revision of the genus,” International Journal 
for Parasitology, vol. 29, no. 11, pp. 1733–
1751, 1999. View at Publisher · View at 
Google Scholar · View at Scopus 

5. Raccurt CP, “Worldwide human zoonotic 
cryptosporidiosis caused by 

Cryptosporidium felis,” Parasite, vol. 14, no. 
1, pp. 15–20, 2007. View at Google Scholar · 
View at Scopus 

6. Leoni F, Gallimore CI, Green J, and 
McLauchlin J, “Characterisation of small 
double-stranded RNA molecule in 
Cryptosporidium hominins, Cryptosporidium 
felis, and Cryptosporidium meleagridis,” 
Parasitology International, vol. 55, no. 4, pp. 
299–306, 2006. View at Publisher · View at 
Google Scholar · View at Scopus 

7. Wolska-Kusnierz B, Bajer A, Cacciò SM et al., 
“Cryptosporidium infection in patients with 
primary immunodeficiencies,” Journal of 
Pediatric Gastroenterology and Nutrition, 
vol. 45, no. 4, pp. 458–464, 2007. View at 
Publisher · View at Google Scholar · View at 
Scopus 

8. Xiao L, Cama VA, Cabrera L, Ortega Y, 
Pearson J, and Gilman RH, “Possible 
transmission of Cryptosporidium canis 
among children and a dog in a household,” 
Journal of Clinical Microbiology, vol. 45, no. 
6, pp. 2014–2016, 2007. View at Publisher ·   

9. Xiao L, Bern C, Limor J et al., “Identification 
of 5 types of Cryptosporidium parasites in 
children in Lima, Peru,” The Journal of 
Infectious Dis, Vol. 183, no. 3, pp. 492–497, 
2001. View at Publisher · View at Google 
Scholar · View at Scopus 

10. Ditrich O, Palkovic L, Stĕrba J, Prokopic J, 
Loudová J, and M. Giboda M, “The first 
finding of Cryptosporidium baileyi in man,” 
Parasitology Research, vol. 77, no. 1, pp. 44–
47, 1991.  

11. Abubakar I, Aliyu SH, Arumugam C, Hunter 
PR, and Usman NK, “Prevention and 
treatment of cryptosporidiosis in 
immunocompromised patients,” Cochrane 
Database of Systematic Reviews, no. 1, 
Article ID CD004932, 2007. View at Google 
Scholar · View at Scopus 

12. Kortbeek LM, “Clinical representation in 
Cryptosporidium-infected patients,” in 
Giardia and Cryptosporidium: From 
Molecules to Diseases, Ortega-Pierres G, 
Cacciò  SM, Fayer R, Mank TG, Smith HV, and 



Agwu et al, 2015                                                              Cryptosporidiosis in diarrhea disease, SPPJ, 1 (1): 01-08 

23 
 

Thompson RCA, Eds., chaper XI, pp. 131–
137, CABI, Oxfordshire, UK. 

13. Mosier DA and Oberst RD, 
“Cryptosporidiosis: a global challenge,” 
Annals of the New York Academy of 
Sciences, vol. 916, pp. 102–111, 2000. View 
at Google Scholar  and Scopus 

14. Peng MM, Meshnick SR, Cunliffe NA et al., 
“Molecular epidemiology of 
cryptosporidiosis in children in Malawi,” The 
Journal of Eukaryotic Microbiology, vol. 50, 
supplement, pp. 557–559, 2003. View at 
Publisher · View at Google Scholar · View at 
Scopus 

15. Gatei W, Wamae CN, Mbae C et al., 
“Cryptosporidiosis: prevalence, genotype 
analysis, and symptoms associated with 
infections in children in Kenya,” The 
American Journal of Tropical Medicine and 
Hygiene, vol. 75, no. 1, pp. 78–82, 2006. 
View at Google Scholar ·   

16. Ajjampur SSR, Gladstone BP, Selvapandian 
D, Muliyil JP, Ward H, and Kang G, 
“Molecular and spatial epidemiology of 
cryptosporidiosis in children in a semiurban 
community in South India,” Journal of 
Clinical Microbiology, vol. 45, no. 3, pp. 915–
920, 2007. View at Publisher · View at Google 
Scholar · View at Scopus 

17. Raccurt CP, Brasseur P, Verdier RI et al., 
“Human cryptosporidiosis and 
Cryptosporidium spp. in Haiti,” Tropical 
Medicine & International Health, vol. 11, no. 
6, pp. 929–934, 2006. View at Publisher · 
View at Google Scholar · View at Scopus 

18. Bushen OY, Kohli A, Pinkerton RC et al., 
“Heavy cryptosporidial infections in children 
in northeast Brazil: comparison of 
Cryptosporidium hominis and 
Cryptosporidium parvum,” Transactions of 
the Royal Society of Tropical Medicine and 
Hygiene, vol. 101, no. 4, pp. 378–384, 2007. 
View at Publisher · View at Google Scholar · 
View at Scopus 

19. Samie A, Bessong PO, Obi CL, Sevilleja JE, 

Stroup S, Houpt E et al, of the prevalence 

and genotype distribution among school 

children and hospital patients in the Venda 
region, Limpopo Province, South Africa,” 
Experimental Parasitology, vol. 114, no. 4, 
pp. 314–322, 2006. View at Publisher · View 
at Google Scholar · View at Scopus 

20. Leav A, Mackay MR, Anyanwu A et al., 
“Analysis of sequence diversity at the highly 
polymorphic Cpgp40/15 locus among 
Cryptosporidium isolates from human 
immunodeficiency virus-infected children in 
South Africa,” Infection and Immunity, vol. 
70, no. 7, pp. 3881–3890, 2002. View at 
Publisher · View at Google Scholar · View at 
Scopus 

21. Tumwine JK, Kekitiinwa A, Bakeera-Kitaka S 
et al., “Cryptosporidiosis and 
microsporidiosis in Ugandan children with 
persistent diarrhea with and without 
concurrent infection with the human 
immunodeficiency virus,” The American 
Journal of Tropical Medicine and Hygiene, 
vol. 73, no. 5, pp. 921–925, 2005. View at 
Google Scholar ·   

22. Dreesman J, Villarroel-Conzales DC, Cleves S, 
Reins HA, and Pulz M, “Regionally increased 
incidence of notified cryptosporidiosis cases 
due to different laboratory methods,” 
Gesundheitswesen, vol. 69, no. 8-9, pp. 483–
487, 2007. View at Publisher · View at Google   

23. Colford JM Jr, Tager IB, Hirozawa AM, Lemp 
GF, Aragon T, Petersen C. Cryptosporidiosis 
among patients infected with human 
immunodeficiency virus. Factors related to 
symptomatic infection and survival. Am J Epidemiol 

1996; 144:807–816. 
24. Maggi P, Larocca AM, Quarto M, Serio G, 

Brandonisio O, Angarano G, et al. Effect of 

antiretroviral therapy on cryptosporidiosis 
and microsporidiosis in patients infected 
with human immunodeficiency virus type 1. 
Eur J Clin Microbiol Infect Dis 2000; 19:213–

217. 
25. Nannini EC, Okhuysen PC. HIV1 and the gut 

in the era of highly active antiretroviral 
therapy. Curr Gastroenterol Rep 2002; 4:392–

398. 



Agwu et al, 2015                                                              Cryptosporidiosis in diarrhea disease, SPPJ, 1 (1): 01-08 

24 
 

26. James KT, Addy K, Nicolette NA, Donna E. 
Akiyosh I, Stephen MR, Giovanni W, 
Xiaochuan F, Saul T. Cryptosporidium 
parvum in children with diarrhea in Mulago 
hospital, Kampala, Uganda. Am. J. Trop. 
Med. Hyg., 68(6), 2003, pp. 710–715 

27. Binka E, Vermund SH, Armah GE. Rotavirus 
diarrhea among children less than 5 years of 
age in urban Ghana. Pediatr Infect Dis J. 2011 
Aug;30(8):716–718. 

28. Opintan JA, Newman MJ, Ayeh-Kumi PF, 
Affrim R, Gepi-Attee R, Sevilleja JE, et al. 
Pediatric diarrhea in southern Ghana: 
etiology and association with intestinal 
inflammation and malnutrition. Am J Trop 
Med Hyg. 2010 Oct;83(4):936–943. 

29. Collinet-Adler S, Ward HD. 
Cryptosporidiosis: environmental, 
therapeutic, and preventive challenges. Eur J 
Clin Microbiol Infect Dis. 2010 Aug; 
29(8):927–935. 

30. Kuhls TL, Mosier DA, Crawford DL, Griffis J. 
Seroprevalence of cryptosporidial 
antibodies during infancy, childhood, and 
adolescence. Clin Infect Dis. 1994 
May;18(5):731–735. 

31. Robin G, Fraser D, Orr N, Sela T, Slepon R, 
Ambar R, et al. Cryptosporidium infection in 
Bedouin infants assessed by prospective 
evaluation of anticryptosporidial antibodies 
and stool examination. Am J Epidemiol. 2001 
Jan 15;153(2):194–201. 

32. Leach CT, Koo FC, Kuhls TL, Hilsenbeck SG, 
Jenson HB. Prevalence of Cryptosporidium 
parvum infection in children along the Texas-
Mexico border and associated risk factors. 
Am J Trop Med Hyg. 2000 May; 62(5):656–
661. 

33. Tumwine JK, Kekitiinwa A, Nabukeera N, 
Akiyoshi DE, Rich SM, Widmer G, Feng X, 
Tzipori S. Cryptosporidium parvum in 
children with diarrhea in Mulago Hospital, 
Kampala, Uganda. Am J Trop Med Hyg 2003; 
68: 710–715. 

34. Putignani L, Menichella D. Global 
distribution, public health and clinical impact 
of the protozoan pathogen cryptosporidium. 

Inter discip Perspect Infect Dis 2010. doi: 
10.1155/2010/753512. pmid:20706669 

35. Kotloff KL, Nataro JP, Blackwelder WC, 
Nasrin D, Farag TH, Panchalingam S, et al. 
Burden and aetiology of diarrhoeal disease 
in infants and young children in developing 
countries (the Global Enteric Multicenter 
Study, GEMS): a prospective, case-control 
study. Lancet 2013; 382: 209–222. doi: 
10.1016/S0140-6736(13)60844-2. 
pmid:23680352 

36. Mbae CK, Nokes DJ, Mulinge E, Nyambura J, 
Waruru A, Kariuki S (2013) Intestinal 
parasitic infections in children presenting 
with diarrhoea in outpatient and inpatient 
settings in an informal settlement of Nairobi, 
Kenya. BMC Infect Dis 13: 243. doi: 
10.1186/1471-2334-13-243. PMID: 
23705776 

37. Gumbo T, Sarbah S, Gangaidzo IT, et al. 
Intestinal parasites in patients with diarrhea 
and human immunodeficiency virus 
infection in Zimbabwe. AIDS. 1999;13:819–
821. 

38. Robertson LJ, Crompton DW, Sanjur D, 
Nesheim MC. Haemoglobin concentrations 
and concomitant infections of hookworms 
and Trichuris trichiura in Panamanian 
primary school children. Trans R Soc Trop 
Med Hyg 1992; 86: 654–656. 

39. Stoltzfus RJ, Chwaya HM, Montresor A, 
Albonico M, Savioli L, et al. (2000) Malaria, 
hookworms, and recent fever are related to 
anemia and iron status indicators in 0- to 5-y 
old Zanzibari children and these 
relationships change with age. J Nutr 130: 
1724–1733.  

40. Stoltzfus RJ, Chwaya HM, Montresor A, 
Tielsch JM, Jape Khatib J, et al. (2004) Low 
dose daily iron supplementation improves 
iron status and appetite but not anemia, 
whereas quarterly anthelminthic treatment 
improves growth, appetite, and anemia in 
Zanzibari pre-school children. J Nutr 134: 
348–356. 



Agwu et al, 2015                                                              Cryptosporidiosis in diarrhea disease, SPPJ, 1 (1): 01-08 

25 
 

41. Dantzer R (2001) Cytokine-induced sickness 
behaviour: where do we stand? Brain Behav 

Immun 15: 7–24. 
42. Elias D, Akuffo H, Britton S. Helminthes 

could influence the outcome of vaccines 
against TB in the tropics. Parasite 
Immunol 2006; 28: 507–513.  

43.  Fincham JE, Markus MB, Adams VJ. 
Could control of soil-transmitted 
helminthic infection influence the 
HIV/AIDS pandemic. Acta Trop 2003; 86: 
315–33.  

44. Cegielski JP, Ortega YR, McKee S, 
Madden JF, Gaido L, Schwartz DA, Manji 
K, Jorgensen AF, Miller SE, Pulipaka UP, 
Msengi AE, Mwakyusa DH, Sterling CR, Reller 
LB. Cryptosporidium, Enterocytozoon, and 
cyclospora infections in pediatric and adult 
patients with diarrhea in Tanzania. Clin 
Infect Dis 1999; 28: 314–321. 

45. Assefa T, Mohammed H, Abebe A, Abebe S, 
Tafesse B. Cryptosporidiosis in children seen 
at the children’s clinic of Yekatit 12 Hospital, 
Addis Ababa. Ethiop Med J 1996; 34: 43–45. 

46. Wanachiwanawin D, Chokephaibulkit K, 
Lertlaituan P, Ongrotchanakun JKT. 
Intestinal microsporidiosis in HIV-infected 
children with diarrhea. Southeast Asian J 
Trop Med Public Health 2002; 33: 241–245. 

 

Send a mail attachment to 
editorialoffice@spparenet.org for paper 
publication 
 

mailto:editorialoffice@spparenet.org

