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ABSTRACT
Cryptosporidium is one of the micro-organisms associated with diarrhoea in human immunodeficiency virus 
(HIV)/acquired immune deficiency syndrome (AIDS) patients. Diarrhoea remains one of the most important health 
problems globally and a leading cause of morbidity and mortality among immunocompromised individuals accounting 
for over 50 million deaths worldwide. This study was a cross-sectional study conducted in one of the primary healthcare 
centres in Northwestern part of Nigeria. Consented participants were administered a questionnaire to get information on 
their sociodemographic factors, risk factors, and behavioural practices. Stool samples were collected from HIV/AIDS 
positive patients and processed using formol formalin-ether concentration method. Smears were made from the sediment 
and stained using Modified Ziehl-Neelsen staining for the detection of oocysts of Cryptosporidium. The study recruited 
185 HIV-positive patients with a 29.2% prevalence of Cryptosporidium infection, with higher rates among individuals 
aged 36–55 years. Females were slightly more affected than males. Environmental and behavioural factors played key 
roles, as infection was higher among those using tap water and pit latrines. Boiling water was found to be protective (p = 
0.001), whereas contact with animals significantly increased infection risk (p = 0.025). The study showed a high 
Cryptosporidium infection rate (29.2%) among HIV/AIDS patients in Northwestern Nigeria, confirming it as a major 
opportunistic pathogen causing morbidity in immunocompromised individuals. Boiling water and environmental 
hygeine were identified as protective practices. The findings emphasize the need for improved hygiene, safe water 
practices, regular screening, and strengthened HIV management to reduce infection rates.
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Environmental and Behavioural Factors Associated with 
Cryptosporidiosis among HIV/AIDS Patients in a Primary Health 
Centre in Northwestern Nigeria

INTRODUCTION
Cryptosporidium species are protozoans belonging to 

1Apicomplexa that infect man and other vertebrates.  
Currently, more than 38 species of the parasite have been 
described worldwide, with Cryptosporidium hominis and 
Cryptosporidium parvum implicated in most human 

2,3infections.  Intestinal parasites are endemic in many 
regions of the world where HIV/AIDS infection is also 
prevalent of which Sub-Saharan Africa being among such 
regions. In humans, the disease results in sickness and 
severe diarrhoea and can be life-threatening in young, 
elderly, or immunosuppressed individuals, particularly 

4those with HIV infection.  Cryptosporidium infection in 
immunocompetent hosts usually presents with diarrhoea 
that is self-limiting but can be severe and prolonged in 
immunocompromised individuals, causing much more 
serious clinical signs, manifested as prolonged debilitating 

5diarrhoea, weight loss, fever, and abdominal pain.  
Therefore, cryptosporidiosis is a significant cause of 
chronic diarrhoea and death in HIV/AIDS patients.
Cryptosporidium has been reported in several studies 
among HIV-positive individuals around the world, with a 
prevalence ranging from 2.17% to 55% in China, Uganda, 
Kenya, Congo Democratic Republic, Ethiopia, and 

mailto:zainabtanko@gmail.com


Pg 109

    

6,7Nigeria.  In Nigeria, hospital-based studies among HIV-
infected participants in Northern Nigerian regions have 

8reported prevalences of 14% and 46%, respectively.  
Methods available for the detection of Cryptosporidium 
infections in stool samples include conventional 
microscopy to identify oocysts on stained slides and 
immunological assays based on the detection of 
Cryptosporidium antigens by immunochromatography or 
enzyme-linked immunosorbent assay (ELISA). Currently, 
molecular methods such as real-time polymerase chain 
reaction (RT-PCR), polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP), and PCR 
sequencing protocols are used in the identification of 

9genotypes/species of the parasite.  It must, however, be 
noted that most of the studies on Cryptosporidium in 
Nigeria utilized conventional microscopy. Although 
ELISA has proven in many cases to be more sensitive in the 
detection of Cryptosporidium species than microscopy, its 

10use is however limited to a few studies in Nigeria.  
Globally, HIV infections currently stand at about 39.4 
million people, with adults (15 years and above) 
constituting 95% of the infected population. In developed 
countries with low rates of environmental contamination 
where potent ART is widely available, cryptosporidiosis 
occurs at an incidence of ≤ 1 per 100 persons among 

11,12persons with AIDS.  In less developed countries like 
Nigeria, however, which has a high rate of uninhibited 
defecation, use of human faeces as manure, inadequate 
water supply, poor sanitary facilities and inadequate ART 
supplies, Cryptosporidiosis may be difficult to control.

MATERIALS AND METHODS 
Study Area
Kaduna State is located in the northwestern part of Nigeria. 
It shares borders with seven states: Kano and Katsina to the 
north, Plateau and Nasarawa to the south, Zamfara to the 
west, and Bauchi and the Federal Capital Territory (Abuja) 
to the east. The state lies roughly between latitude 9° and 
12° north and longitude 6° and 9° east. It covers an area of 
about 46,000 square kilometers. Kaduna city serves as the 
state capital and is one of the major commercial and 
industrial centers in northern Nigeria. 

Study Design/ Sample Size
The study was a cross sectional and prospective type. Using 
a previous prevalence of 4%, Epi info 7 was used to 
calculate the sample size. A total of 185 HIV seropositive 
patients attending the clinic was gotten. Samples and 
questionnaires were administered and collected after a 
written consent was obtained.
Inclusion criteria 
Confirmed HIV/AIDS adult patients attending HIV clinic 
Exclusion criteria
HIV positive patients presenting with bloody diarrhoea
Questionnaire 
An interviewer-based questionnaire was administered to 
every consenting participant, to get information on 
demography, exposure to the parasite and associated 
clinical symptoms.
Sample Collection And Processing
Participants were given labelled screw-capped plastic 
containers for the collection of the samples. They were also 
instructed on how to collect the sample without it getting 

contaminated with urine. The collected samples were 
preserved in 5% formalin and transported to the medical 
laboratory for analysis.  A small portion of the stool sample 
was emulsified in 7mls of 10% formal saline solution in a 
centrifuge tube thoroughly. This was allowed to stand for 
30 minutes for fixation. The faecal suspension was sieved, 
and 3ml of ether was added and shaken vigorously. The 
mixture was then centrifuged at 1000 rpm for 2 minutes. 
Using an applicator stick, the debris layer was loosened 
and, together with supernatant, was poured away. The 
sediment was re-suspended by tapping the bottom of the 
tube. A drop was placed on a glass slide and examined for 
other parasites before smears were made with sediment for 
Cryptosporidium oocyst. The smears were allowed to air 

13dry before staining, protecting it from dust and flies.
Modified Zeil Nelson Staining 
After the adequate drying of smeared glass slides, the 
slides were fixed with 95% absolute methanol and stained 
using the modified Ziehl-Neelsen stain. This involved 
staining smears with concentrated carbol fuchsin and 
allowed to stand for 5 minutes, after which it was rinsed 
with clean tap water. The smear was decolourized with 1% 
hydrochloric acid (HCl) in 95% ethanol, rinsed off and 
counterstained with methylene blue for 2 minutes. The 
smear was, again, rinsed with clean tap water and air dried 
examined under oil immersion lens for the presence of 
Oocysts of Cryptosporidium (appeared as oval pinkish red 

14on a blue background).
Statistical Analysis
All statistical analyses were performed using SPSS version 
24.0 at a 95% confidence level and probability value at 
(P<0.005). One-way ANOVA was used to determine 
parasite prevalence/ and chi-square test was used to 
determine the levels of association between the variables 
used in this study. 
Ethical Consideration
Ethical approval was obtained from the Ministry of Health 
Eth ica l  Commit tee ,  Kaduna  Sta te  before  the 
commencement of the study. Also, a written informed 
consent was sought from each individual participating in 
the study. Confidentiality of participants was ensured 
during and after the study. The study was carried out at no 
cost to the participants.

RESULTS
A total of 185 HIV-positive patients were recruited in the 
study. A greater proportion of participants in the study 84 
(45.4%) were in the 26–35 however, 36–45 and 46–55-
year age brackets, 16 and 6 (33.3%) had the highest risk of 
the infection respectively. There were more males 132 
(71.4%) in the study though females had more infected 
participants 16 (30.2%). While, 119 (64.3%) participants 
had secondary school certificates, participants with no 
formal education 3 (60.0%) were more infected. Majority 
were married 130 (70.3%) out of which 44 (33.3%) were 
infected. Seventy-two (38.9%)  of study participants were 
self-employed, but infection rate was more 13 (33.8%) 
among the unemployed (Table 1).  
There were statistically significant associations between 
environmental factors such as Tap/Pipe-borne water, pit 
latrine and boiled water and Cryptosporidium infection 
(Table 2).
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Among the risk factors examined, boiling of water (r = 
–0.161, p = 0.028) and contact with animals (r = 0.165, p = 
0.025) were statistically significant at the 0.05 level, 
indicating that these two factors had meaningful 
correlations with Cryptosporidium infection. (Table 3) 

DISCUSSION 
Cryptosporidium species are intestinal parasites that infect 
both humans and animals; it causes cryptosporidiosis 
which usually results to diarrhoea especially among those 
with impaired immunity. 
The prevalence of Cryptosporidiosis in this study was 54 
(29.2%). This varies with findings in other parts of Nigeria 
and in other parts of the world. In Nigeria, the prevalence in 
this study was higher than 7.2% reported among 250 HIV 

15patients in south-south Nigeria,  19.8% among 400 HIV-
16infected adults  in the southeast, 4.8% prevalence in 

10 17northwest Nigeria,  16.8%, in FCT-Abuja,   and 19.0% in 
10Kano and Kaduna North-west Nigeria  Also, this 

prevalence when compared to studies across Africa and the 
globe is higher than that reported in Ghana, who reported 

 96.2% C. parvum among 418 HIV infected patients.  Other 
18 19studies among HIV individuals in Mozambique,  Kenya,  

20 21 22Thailand,  Iran,  and Ethiopia  have reported prevalence 
between 8.9% and 26.3%, which were lower than those 
obtained in the present study. However, 29.2% prevalence 
obtained in this study is lower when compared to some 
selected studies as reported by Okojokwu, et al., with a 

23prevalence of (54.5%),  Oyakhire et al. reported 44.4% in 
24Edo, South south-Nigeria.  In Ibadan, Southwest Nigeria, 

Bejide et al. reported a 40.0% prevalence among 
25HIV/AIDS seropositive patients.  Similarly, a study by 

Anejo-Okpopi et al., in Jos North-central Nigeria reported 
a higher prevalence of Cryptosporidiosis among HIV 
infected adult patients attending Jos University Teaching 

26Hospital.  Also, a closely related study conducted by 
Opoku et al., in Ghana reported a prevalence of 46% 

27among HIV patients.  Several explanations may account 
for the varying prevalence recorded in various studies of 
the parasite. These include factors such as whether the 
study population had diarrhoea or not or whether 
participants were on highly active antiretroviral therapy, 
the diagnostic method used, the season of sampling and 
location of study, age, among others. It is also likely that 
the prevalence of Cryptosporidium infection may not 
depend on all these factors but some of them.
The age group most affected was 36-45 and 46-55 years 16 
(33.3%) and 6 (33.3%) respectively. This corresponds with 
what Askira et al., reported who stated that age normally 
affects the prevalence of many diseases with the extremes 

16of life (children and elderly people) being most affected.
In this study, females had a slightly higher infection rate of 
16 (30.2%) out of the 53 female participants than male with 
38 (28.8%) out of 132 participants. This may be attributed 
to the fact that polygamous family settings are highly 
encouraged, in the study location thereby increasing the 
chances of more females acquiring opportunistic infection 
This is in agreement with studies carried out in Maiduguri 

28with females 52% and males 48%.  This finding however 
is in contrast with the work of Muntaz et al. who reported 
higher prevalence in male than in female. The findings 
from this study shows that married participants had the 
highest prevalence, 44 (33.3%) of acquiring the infection. 
Such living arrangements increase crowding, shared 
sanitation, and water contamination risks. This is 
consonant with the report of Madukwe et al., in Nasarawa 

29State, North-central, Nigeria,  but disagrees with Okezie 
et al. who reported a higher prevalence among the singles 
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Table 1. Socio -Demographic Characteristics of Study Participants (n=185)  
 Demographic factor  No. tested  No. Positi ve for Cryptosporidium  (%)  χ2 P-Value  

Age group (years)      a  
16-25  25 7 (28.0)  0.978  0.913  
26-35  84 22 (26.2)         
36-45  48  16 (33.3)    
46-55  18 6 (33.3)    
56-65  10 2 (20.0)    
Gender        
Male  132  38 (28.8)  0.036  0.059  
Female   53  16 (30.2)    
Educational status      
Primary  36 10 (27.7)  2.594  0.466  
Secondary  119  33 (27.7)    
Tertiary  25 8 (32.0)    
Informal  5 3 (60.0)    
Marital status        
Single   20 4 (20.0)  2.106  0.551  
Married   130  44 (33.8)    
Divorced  13 4 (30.7)    
Widowed  22 2 (9.1)    
Occupation        
Civil servant  59 16 (27.1)  0.913  0.923  
Self -employed   72 20 (27.7)    
Unemployed  39 13 (33.3)    
Retired  5 1 (20.0)    
Others  10 1 (10.0)    

 

Table 2 . Association between Environmental Risk Factors and Cryptosporidium Infection 
among HIV/AIDS Patients in the Study Location.  
Variables  No Tested  No Positive for 

Cryptosporidium  
(%)  

p-value  OD (95% C.L)  

Sources of water      

Tap/Pipe -borne 
water  

116  33 (28.5%)  0.042 *  1.75 (1.02 – 2.98)  

Yes  33 (28.5%)     
No  83 (71.5%)     
Well water  69 20 (29.0%)  0.051  1.68 (0.99 – 2.85)  

Yes  20 (29.0%)     
No  49 (71.0%)     
Boil water  185  11 (5.9%)  0.001 **  0.34 (0.18 – 0.66)  

Yes  11 (5.9%)     
No  174 (94.1%)     
Type  of toilet      
Pit latrine  147  43 (29.3%)  0.033 *  1.62 (1.04 – 2.52)  

Yes  43 (29.3%)     
No  104 (70.7%)     
Water system  14 3(21.4%)  0.069  1.48 (0.87 – 2.52)  

Yes  8 (33.3%)     
No  16 (66.7%)     
Open defecation  24 8 (33.3%)  0.284  0.74 (0.41 – 1.32)  

Yes  3 (21.4%)     
No  11 (78.6%)     
Total  185     
Contact with 
animals  

185  60 (32.4%)  0.517  1.89 (1.12 – 3.18)  

Yes  60 (32.4%)     
No  125 (67.6%)     

 
Table 3 . Correlation between risk factors associated with presence of C ryptosporidium 
among HIV/AIDS positive patients in a Primary Health Centre in Northwestern Nigeria.  

Risk factor and MZN  R-value  p-value  

Source of water  0.021  0.775  

Boil water  -0.161  0.028  

Type of toilet  0.024  0.750  

Contact with animals  0.165  0.025  

r = correlation coefficient is significant at the 0.01 level, p -value is significant at the 0.05 level  
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30than married.  
Based on Educational status, participants with informal 
education had the highest prevalence, 3 (60.0%). This 
agrees with the report of Olawunmi et al., Jos, Plateau 

31State, Nigeria.  This could be due to the fact that informal 
education often correlates with lower socio-economic 
status. These individuals may have fewer resources to 
maintain good hygiene or invest in safe water supplies. 
These findings were consistent with other findings and 
support the facts that cryptosporidium is more likely 
identified from low socioeconomic status that engage in 
trading and artisans and do not bother in their hygiene 
condition of their environment which is the common 

33practice in the study area.32,  
Participants who depended on tap/pipe-borne water 
recorded an infection prevalence of 33 (28.5%), and this 
relationship was statistically significant (p = 0.042). 
Although tap water is generally considered safe, 
contamination can occur through broken pipelines, 
intermittent supply, or cross-contamination with sewage, 
especially in semi-urban communities. This aligns with 

5findings by Salihu et al.,  who reported a higher rate of 
Cryptosporidium infection among individuals using 
municipal water systems than those using treated 
boreholes, citing poor maintenance and leakage as 
contamination routes. Similarly, Nwokediuko et al., in 
Enugu observed that patients consuming untreated tap 
water had nearly double the odds of infection compared to 

8those using bottled or filtered water.  Conversely, in a study 
in Namwala District, Zambia found no significant 
difference between water source and infection prevalence, 
attributing their results to widespread contamination across 

34all water sources due to poor municipal infrastructure.  
In this study, participants who used well water had an 
infection prevalence of 20 (29.0%), which was borderline 
significant (p = 0.051, OR = 1.68; 95% CI: 0.99–2.85). 
Although the p-value was slightly above the conventional 
0.05 threshold, the result still indicates a noteworthy trend, 
suggesting that reliance on well water may increase the 
likelihood of Cryptosporidium infection among HIV/AIDS 
patients. The relatively high prevalence among well-water 
users can be attributed to contamination from surface 
runoff, faecal seepage, and proximity of wells to pit latrines 
or refuse dumps, which are common in many semi-urban 
and rural Nigerian communities. This finding aligns 
closely with Chukwuma et al. in Ebonyi State, who 
observed a higher infection rate among respondents using 
shallow and uncovered wells compared to those using 

35boreholes or treated water.  The authors attributed this to 
the infiltration of faecal matter and animal waste into 
groundwater sources, particularly during the rainy season. 
Similarly, a study in Ghana reported that Cryptosporidium 
oocysts were frequently detected in water samples drawn 
from domestic wells located near pit  latrines, 
demonstrating the ease with which underground water 

36sources can become contaminated.
A strong, statistically significant association was observed 
b e t w e e n  b o i l i n g  w a t e r  b e f o r e  d r i n k i n g  a n d 
Cryptosporidium infection (p = 0.001, OR = 0.34). 
Individuals who boiled their water had a much lower 
infection rate 11(5.9%) compared to those who did not. 
This finding is consistent with the results found in 

Maiduguri, who demonstrated that boiling water before 
consumption reduced Cryptosporidium infection risk by 

28more than 60%.  Effective boiling of water inactivates 
oocysts of Cryptosporidium, which is cheaper than 

37chlorination.  
The type of toilet used has shown a statistically significant 
association (p = 0.033), with those using pit latrines 
presentating with a higher infection rate 43 (29.3%) 
compared to individuals using water cistern toilets. Poorly 
maintained pit latrines can serve as sources of 
environmental contamination through surface runoff, 
flies, and groundwater seepage. This result agrees with 
Chukwuma et al., in Ebonyi, who reported that pit latrine 
users were nearly twice as likely to test positive for 

35Cryptosporidium as those using water cistern toilets.  
Similarly, a study in Abuja noted that infection rates were 
higher among households practicing open defecation or 

30using traditional pit latrines without proper covers.  On 
the other hand, another study found no significant 
association between toilet type and infection in Enugu, 
suggesting that Cryptosporidium transmission may also 
occur through other channels, such as contaminated food 

31or person-to-person contact.  Shared toilets have been 
reported to be associated with diarrhoea and other diseases 
in Nigeria and other parts of the world and are therefore 
classified as limited sanitation by the WHO/UNICEF-
Joint Monitoring Program (JMP) for water supply and 
sanitation because of their unhygienic and poorly managed 

38nature.  
However, these findings disagree with that reported in 
Ghana where it was found that participants who used 
public water closets were approximately 9 times more 
likely to be infected with Cryptosporidium than those who 

9practiced open defecation.  It was further stated that the 
finding is quite surprising as the use of water closet is 
apparently more hygienic than the practice of open 
defecation. Even though the water closet is considered as 
an 'improved sanitation' facility, a general lack of 
cleanliness that characterizes most of the shared public 

9toilet facilities may account for this observation.
Although not statistically significant, open defecation and 
the use of water cistern toilets showed observable trends in 
infection rates. Open defecation recorded an infection 
prevalence of 8 (33.3%), higher than those who use pit 
latrine and water cistern toilet, reflecting the potential of 
environmental faecal contamination to facilitate oocyst 
transmission. The lack of statistical significance may be 
due to the relatively small sample size of individuals 
practicing open defecation. Nonetheless, Ojuromi et al., 

33 7Nigeria  and Semmani et al., in Algeria  emphasized that 
open defecation remains an important indirect source of 
infection in resource-limited areas, as it increases 
contamination of surface and groundwater sources used 
for domestic purposes.
The study also revealed a strong and significant 
relationship between contact with animals and 
Cryptosporidium infection (p = 0.017, OR = 1.89*), 
denoting that individuals who handled or lived near 
animals had nearly twice the odds of infection compared to 
those without animal contact. This finding supports the 
zoonotic nature of Cryptosporidium, which can be 
transmitted from domestic or livestock to humans. Similar 
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outcomes were reported by Yunusa et al. in Northwest 
39Nigeria  and Sarfo et al. in Ghana Sub-Saharan African 

36study,  both of which found strong associations between 
animal rearing and Cryptosporidium infection among HIV-
positive patients. The likely transmission route involves 
contact with contaminated animal faeces or handling of 
unwashed vegetables grown near animal grazing areas. 
Conversely, Nyamwange et al., in Kenya reported no 
significant association, possibly due to low rates of 
domestic livestock ownership among their urban 

19participants.  The correlation results demonstrate that 
behavioural factors (boiling of water and animal contact) 
exert greater influence on infection risk than structural 
environmental variables. This agrees with Ishar et al., and 
Ajayi et al., who both concluded that hygienic practices and 
personal exposure behaviours were stronger predictors of 
Cryptosporidium infection than socioeconomic status or 

40,31sanitation type.  Differences between studies may stem 
from variations in climate, sample size, diagnostic 
sensitivity, and local infrastructure. For example, rural 
communities with frequent flooding or poorly drained soils 
may experience more environmental spread of oocysts, 
while urban areas face contamination through broken 
municipal pipes.
CONCLUSION 
The findings in this study indicates that Cryptosporidium 
infection remains a significant opportunistic parasite 
contributing to morbidity among immunocompromised 
individuals in the region. Environmental and behavioural 
risk factors particularly the source of water, the type of 
toilet facility used, and contact with animals played an 
important role in infection transmission. Boiling of water 
before drinking proved to be a protective factor, 
highlighting the importance of hygienic water handling 
practices.
RECOMMENDATIONS
The study accentuates  the need for  improved 
environmental sanitation, regular monitoring of water 
quality, and community education on safe hygiene and 
water-use practices. Promoting preventive hygiene 
measures along with strengthening antiretroviral therapy 
adherence can significantly reduce the burden of 
Cryptosporidium infection among immunocompromised 
populations in Nigeria.
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