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ABSTRACT 

Cryptosporidiosis being an opportunistic infection is becoming more prevalent in HIV 

seropositive patients. This study was carried out to determine the prevalence of Cryptosporidium 

infection and CD4+ count among HIV seropositive patients within Kaduna metropolis. Stool 

specimens were collected from 300 HIV seropositive patients and 30 controls (HIV seronegative 

patients) between October 2011 and January 2012, and were examined for oocyst and antigen of 

Cryptosporidium by microscopy and ELISA method respectively. Microscopy was used as the 

Gold standard and its sensitivity was compared with that of ELISA. Patients’ blood were also 

analysed for CD4+ T-cell count by flow cytometry. Prevalence of 15% (45/300) was obtained 

using microscopy.  Sensitivity of microscopy when compared to ELISA was found to be 24.9%. 

For the control, a prevalence of 3.3% was obtained. Association between the infection and socio-

demographic characteristic of patients shows a higher prevalence among those who defecate in 

open layouts (50%: 3/6) and those whose source of drinking water was river (50%: 1/2). There 

was a significant association between Cryptosporidium infection and diarrhoea ���$2 = 104.669, 

df=1, p=0.000) and the duration of diarrho�H�D�� ���$2 = 117.073, df=4, p=0.000). There was no 

significant difference in relation to occupation, marital status, age, sex, education, animal 

contact, overseas travel and swimming (p>0.05).   There was a decrease in prevalence with 

increase in duration of being on HAART. The study showed a strong association between 

Cryptosporidiosis and CD4+T-cell count ���$2 = 58.478, df=10, p=0.000). Mean CD4+ count was 

409.86±14.1 while the median was 382. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Human immunodeficiency virus (HIV) infection is a global health emergency. 

According to World Health Organisation (WHO) progress report of 2010, 33.3 million people 

are living with HIV worldwide, 2.6 million people were infected in 2009 and 1.8 million people 

died of acquired immune-deficiency syndrome (AIDS) in that same year. Acquired immune-

deficiency syndrome is a disease of the human immune system caused by HIV (Weiss, 1993; 

Septowits, 2001). The condition progressively reduces the effectiveness of the immune system 

and leaves the individual susceptible to opportunistic infections and tumors. Opportunistic 

infections caused as a result of loss of immunity due to HIV are called opportunistic HIV 

infections (Kaplan et al., 2002). Diarrhoea is a common clinical manifestation of HIV regardless 

of whether or not patients have AIDS (Joshi et al., 2002). The etiology of such diarrhoea could 

either be parasitic, bacterial, fungal, enteroviral or HIV itself (Framm and Soave, 1997). Several 

species of intestinal parasites have been associated with diarrhoea which occurs with HIV 

infection. The commonly reported parasites include Cryptosporidium parvum, Isospora belli, 

Microsporidium spp, Giardia lamblia, Entamoeba histolytica and Cyclospora spp. Besides these, 

the nematode, Strongyloides stercoralis can cause an overwhelming infection in patients with 

immunosuppressive disorders (Arora and Arora, 2009). 

Cryptosporidium is a coccidian protozoan, belonging to the phylum Apicomplexa, class 

Sporozoa, and sub-class Coccidian (Juranek et al., 2001). Protozoan parasites belonging to the 

genus Cryptosporidium have been described as a cause of diarrhoeal disease in immunodeficient 

and immunocompetent individual (Martin et al., 2009). Cryptosporidiosis is the disease caused 

by Cryptosporidium and is due to infection by one or more species of the genus. 
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Cryptosporidium hominis is reported as being largely restricted to humans while 

Cryptosporidium parvum is found in a wide range of animals (particularly cattle and sheep) 

including humans. Mixed infections of Cryptosporidium hominis and Cryptosporidium parvum 

do occur and have been reported among Nigerians by Molley et al. (2010). 

The Cryptosporidium parasite is transmitted by environmentally hardy microscopy cyst 

(oocyst) which excyst in the small intestine once ingested and results in an infection of intestinal 

epithelial tissue. A major problem of public health concern is the fact that the oocyst are only 4 

�W�R�������—�P���L�Q���G�L�D�P�H�W�H�U�����Puch too small to be easily removed by sand filters used to purify drinking 

water (Willey et al., 2011). In addition the oocyst may remain viable for 3 to 6 months in moist 

environment and is extremely resistant to disinfectants such as chlorine (Willey et al., 2011). 

Infection is generally self-limiting followed by variable protective immunity involving humoral 

and cell-mediated responses, except in the immuno-suppressed, when infection may be 

prolonged and fatal (Kosek et al., 2001). 

Most of the risk factors for Cryptosporidium infection were determined from outbreaks 

investigations. Outbreaks have been associated with drinking water from public and private 

supplies, swimming in pools, consumption of unpasteurised milk and contact with farm animals, 

especially during farm visits (Goh et al., 2004). Other sources of infection are child care 

workers, parents of infected children, people who take care of other people with 

cryptosporidiosis and international travelers. Most cases of cryptosporidiosis are sporadic rather 

than outbreaks associated infections. Outbreaks represent 40% of all cases of Cryptosporidium 

infection (Djuretic et al., 1995), although a further proportion of all cases may likely be 

associated with undetected outbreaks (Hunter et al., 2001). 
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There is no reliable treatment for Cryptosporidium enteritis, but certain 

chemotherapeutic agent such as paramycin, atavaquone, nitazoxanide (Smith and Corroran, 

2004) and azithromycin are sometimes used in its treatment which have only temporary effects. 

Treatment is primarily supportive and involves continuous replacement of fluids. 

 
1.1 Statement of Problem 

Human immunodeficiency virus infection has a worldwide distribution and is a serious 

health problem in the present day. The National Agency for the Control of AIDS (NACA) 

estimates that there are about 2.95 million people living with HIV (PLHIV) in Nigeria in 2009, 

ranking the country third among countries with the highest burden of HIV infection in the world, 

next only to India and South Africa. According to the 2010 National sentinel survey report, the 

prevalence rate for HIV in Nigeria is 4.1% (FMOH, 2010). In HIV infected patients, progressive 

decline in their immunological responses makes them extremely susceptible to a variety of 

common opportunistic infections. Cryptosporidiosis being an opportunistic HIV infection is 

becoming more prevalent in HIV seropositive patients. Person with compromised immune 

system can suffer life threatening chronic diarrhoea especially when their CD4
+ lymphocyte 

�F�R�X�Q�W���I�D�O�O�V���E�H�O�R�Z�����������F�H�O�O���—�O�����&�D�P�D��et al., 2006). Reports indicate that diarrhoea occurs in 30 – 

60% of AIDS patients in developed countries and up to 90% in AIDS patients in developing 

countries (Framm and Soave, 1997). 

Cryptosporidiosis in patient with HIV/AIDS who also have severely impaired immunity 

may be a devastating disease as it causes chronic severe and intractable diarrhoea that greatly 

reduces the patient’s quality of life or in many people shorten their life expectancy. There are no 

reproducible reliable palliative or curative therapies for cryptosporidiosis and HIV infected 

persons are not educated and counselled about the modes of transmission and preventive 
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measure. High prevalence of cryptosporidiosis have been reported in HIV/AIDS patients though 

prevalence varies depending on location, age of study, stage of disease and laboratory method 

used for diagnosis (Zaidah et al., 2008). Reports in Nigeria have also shown varying results, 

Aminu and Yakubu (2008) reported a prevalence of 25% among non-diarrhoeic HIV-positive 

children in Zaria, Ibrahim et al. (2007) reported a prevalence of 16.83% among adults with 

chronic diarrhoea at Jos University Teaching Hospital and Akinbo et al. (2010) reported a 

prevalence of 22.2% among HIV patients in Benin City.  

  Microscopy method of diagnosis of Cryptosporidium is laborious, time consuming and 

requires high level of technical skill thus the oocyst of the organism can be easily missed. Also 

the intact organism has to be present before it can seen while by ELISA method it is the antigen 

that are been detected thus making it more sensitive than microscopy. ELISA methods are 

expensive and so rarely used for diagnosis. Elgun and Koltas (2011) in a study carried out in 

Turkey showed a higher prevalence by ELISA (24.03%) than Microscopy (5.19%) and El-

settawy and Fathy (2012) in a study carried out in Egypt also showed a higher prevalence by 

ELISA (20.9%) than microscopy (18.6%). Studies to compare microscopy method and newer 

ELISA methods have not been carried out in Zaria.      

 
1.2      Justification 

Cryptosporidiosis being an opportunistic infection is becoming more prevalent in HIV 

seropositive patients and its prevalence is usually under estimated because conventional 

diagnostic techniques do not efficiently detect parasite. Also detection of Cryptosporidium by 

microscopy is not routinely carried out in the laboratory. Therefore there have been 

underreporting of the prevalence of Cryptosporidium infection in Nigeria and not many studies 
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have addressed this problem. From the foregoing, there is therefore the need to document the 

prevalence of Cryptosporidium infection among HIV seropositive patients. 

  Microscopy is the most frequently used method of diagnosis of Cryptosporidium 

infection in Nigeria, therefore there is need compare these two methods to see which best detect 

the parasite in the study population hence providing information on the most sensitive method 

for detecting the parasite. There is also the need to provide data that will be useful for clinical 

diagnosis and treatment of the disease and finally information on the factors associated with the 

spread of the disease with the aim of aiding the disease control and prevention. No such study 

has been conducted in study area therefore there is the need to carry out this study.  

 
1.3 Aim 

The aim of this research work was to determine the prevalence of Cryptosporidium 

infection among HIV seropositive patients attending three ARV (Antiretroviral) Clinics in 

Kaduna metropolis, Nigeria. 

 
1.4  Specific Objectives 

      The objectives of this study were: 

1. To determine the prevalence of Cryptosporidium infection in HIV seropositive patient 

with or without diarrhoea, using the modified Ziehl-Neelsen staining method (Kinyoun’s 

method). 

2. To compare the sensitivity of Kinyoun’s method as a conventional staining method to 

newer ELISA method. 

3. To determine the risk factors associated with Cryptosporidium infection among study    

population using questionnaires. 
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4. To correlate Cryptosporidium infection with CD4
+ T-cell count of HIV patients 

 
 
 
1.5 Research Hypothesis 

Ho: Cryptosporidium infection is not associated with HIV seropositive patient within 

Kaduna metropolis, Kaduna state, Nigeria. 

Ha: Cryptosporidium infection is associated with HIV seropositive patient within Kaduna 

metropolis, Kaduna state, Nigeria. 

 
1.6    Research Questions 

1. What is the prevalence of Cryptosporidium infection among HIV seropositive patient 

within Kaduna metropolis? 

2.   What is the sensitivity of the Kinyoun’s method as compare to the ELISA method? 

3.  What is the prevalence of Cryptosporidium infection according to sociodermographic 

factors among the study population?  

4. What are the risk factors associated with Cryptosporidium infection in the study 

population? 

5.   What is the correlation between the infection and CD4
+ T-cell count?  
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1.0 Taxonomy of Cryptosporidium 

 Cryptosporidium is a genus of protozoan parasites within the phylum Apicomplexa, and 

its taxonomy continues to evolve (Jonathan and Yoder, 2007).  However, the current taxonomic 

position of the genus Cryptosporidium is described as follows (Fayer et al., 2001): 

Phylum:    Apicomplexa  

Class:         Conoidasida 

Sub-class:  Coccidiasina 

Order:        Eucoccidiorida 

Sub-order:  Eimeriorina 

Family:       Cryptosporidiidae  

Currently there are 20 described species of which  Cryptosporidium hominis,  C. parvum, 

C. meleagridis, C. felis, C. canis, C. suis, C. muris and C. andersoni and 6 unnamed species (C. 

cervine, monkey, skunk, rabbits, horse and chipmunk genotype) infect  immunocompetent  and 

immunocompromised humans (Jirku et al., 2008; Chalmer et al., 2009; Smith and Nichols, 

2009). Cryptosporidium hominis and Cryptosporidium parvum are the primary species of 

Cryptosporidium that infect humans. Cryptosporidium hominis has an anthroponotic 

transmission cycle, while C. parvum is zoonotic, infecting cattle and other ruminants, in addition 

to humans (Feltus et al., 2006).  

Cryptosporidiosis is a gastrointestinal illness caused by Cryptosporidium (Chen et al., 

2002). Cryptosporidium spp. is a major cause of diarrhoea in developing countries mainly 

affecting children and HIV-infected individuals with low CD4 counts. The infection is self-
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limiting in immunocompetent hosts, but can be severe and persistent in the immunocompromised 

and malnourished (Ajjampur et al., 2008). Similarly, diarrhoea is one of the most common 

AIDS-related illness causing a significant morbidity and mortality in HIV- infected patient 

(Suddiqui et al., 2007). 

 
2.1.1 History of Cryptosporidium  

Cryptosporidium was first described by E.E. Tyzzer in 1907. He identified the parasite in 

the gastric glands of a mouse and described it as in formed flask shaped either spheriodal or 

ellipsoidal. All forms during the period of growth posses a relatively thin limiting membrane, an 

organ of attachment and each contains one or more globule of fat which during segmentation are 

found in the residual body. Although during this time the steps involved in maturation and 

fertilization were not yet identified, Tyzzer noticed that each oocyst contains 4 sporozoites which 

are about 10 microns in length, slender, fusiform without demonstrable structure. At this time, 

the parasite was named Cryptosporidium muris and classified as possible in the family 

Asporocystidae . It is a zoonotic pathogen first noted to cause disease of turkeys in 1955 (Slavin, 

1955) and of calves in 1971 (Panciera and Thomassen, 1971). Cryptosporidium infects the 

respiratory or gastrointestinal tracts of a large number of hosts including fish, birds, reptiles, and 

mammals (Fayer and Ungar, 1986).  It was not until 1976, however, that the first human cases 

were identified.  One of the afflicted humans was a 3-year-old child who developed severe 

enterocolitis that resolved on its own.  The other was a 39-year-old immunosuppressed man.  His 

condition improved after he discontinued one of his medications, cyclophosphamide (John and 

Petri Jr, 2006). The Centers for Disease Control (CDC) in her Morbidity and Mortality Weekly 

report (1982) documented the importance of C. parvum as a major human pathogen in 1982, 

reporting outbreaks of cryptosporidial diarrhoea in 21 patients with advanced HIV disease and in 
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immunologically normal hosts who had been exposed to Cryptosporidium from infected calves. 

In 2004, cryptosporidiosis was added to the WHO's 'Neglected Diseases Initiative' which 

includes diseases that occur mainly in developing countries and were linked to poverty and lack 

of access to services (Savioli et al., 2006). 

Cryptosporidium was first recognized as water borne pathogen during an outbreak in 

Brain Station, Texas, where more than two thousand individuals were infected with 

Cryptosporidiosis (D’Antonio et al., 1995; Graczyk et al., 1998). Since that time, out breaks 

affecting over a million individuals have been documented throughout North America and 

Europe, with the single largest epidemic occurring in Milwaukee, Wisconsin, in 1993 

(Mackenzie et al., 1994). Most deaths related to these outbreaks occurred in AIDS patients 

(Hoxie et al., 1997). Recently most water–borne outbreaks of cryptosporidiosis in the USA have 

occurred due to contamination of recreational water sources such as swimming pools and water 

parks (Yoder et al., 2010). 

 
2.1.2 Transmission  

Transmission is via the faecal oral route, the infective dose depending on the strain could 

be as low as 10 oocyst (Okhuysen et al., 1999). Chlorination and treatment of water supplies are 

not always sufficient to eliminate Cryptosporidium (Winn Jr. et al., 2006).   Thus, the oocysts 

may reside in swimming pools and chlorine-treated or filtered drinking water (Chen et al., 2002). 

A person can contact the disease via direct contact with infected animals or by eating food 

contaminated by faeces (Winn Jr. et al., 2006).  There are often outbreaks in hospitals and day-

care centers, showing that Cryptosporidium can be transmitted from one human to another (Ryan 

and Ray, 2004). Yet another way to become infected as reported by CDC in 2009 is through 

exposure to faeces during sexual activities that may involve contact with faeces.  
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2.1.3 Life Cycle 

The life cycle of Cryptosporidium consists of an asexual stage and a sexual stage. After 

being ingested, the oocysts excyst in the small intestine, they release sporozoites that eventually 

get attached to the microvilli of the epithelial cells of the small intestine. From there they 

transform into trophozoites that reproduce asexually by multiple fission, a process known as 

schizogony. The trophozoites develop into Type 1 meronts  that contain 8 daughter cells (Ryan 

and Ray, 2004). These daughter cells are Type 1 merozoites, which get released by the meronts. 

Some of these merozoites can cause autoinfection by attaching to epithelial cells; others become 

Type II meronts (Chen et al., 2003) which contain 4 Type II merozoites (Ryan and Ray, 2004). 

These merozoites, once released attach to the epithelial cells, from there they develop to either 

macrogamonts or microgamonts (Chen et al., 2003), these are the female and male sexual forms, 

respectively (Ryan and Ray, 2004). Zygotes are formed by microgametes from the microgamont 

penetrating the macrogamonts developing into oocysts of two types (Chen et al., 2003). About 

20% of oocysts have thin walls and so can reinfect the host by rupturing and releasing 

sporozoites that start the process over again (Ryan and Ray, 2004). Others develop into thick-

walled mature and infective oocyst and are excreted into the environment (Chen et al., 2003; 

Ryan and Ray, 2004). The life cycle of Cryptosporidium parvum is presented in figure 2.1. 
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Figure 2.1: Life cycle of Cryptosporidium parvum. 

Source (CDC, 2009). 
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2.1.4 Epidemiology  

Cryptosporidiosis is found worldwide. In developing countries, 8-19% of diarrhoeal 

diseases can be attributed to Cryptosporidium (Gatei et al., 2006), with 10% of the population in 

developing countries excreting its oocysts. In developed countries, the rate is lower (1-3%) 

(Chen et al., 2002). Infection by C. parvum has been reported in six continents and identified in 

patients aged 3 days to 95 years old (Flanigan and Soave, 1993). Persons most likely to be 

infected with Cryptosporidium include: infants and younger children in day-care centres, those 

whose drinking water is untreated, those involved in farming practices such as lambing, calving, 

and muck-spreading, those engaging in sexual practices that brings a person into oral contact 

with faeces of an infected individual, patients in a nosocomial setting with other infected patients 

or health-care employees, veterinarians who come in contact with farm animals  and travelers to 

areas with untreated water living in densely populated urban areas and owners of infected 

household pets (rare) (Keusch, et al., 1995; Casemore, et al., 1994; Goodgame, 1996; Juranek, 

1995; Flanigan and Soave, 1993). 

The high resistance of Cryptosporidium oocysts to disinfectants such as chlorine bleach 

enables them to survive for long periods and still remain infective (Carpenter et al., 1999). 

Furthermore the oocyst are much too small (4-6um) to be removed by the conventional sand 

filters used in the purification of drinking water (Willey et al., 2011). Infection with small oocyst 

usually occurs directly by faecal-oral transmission, water or food-borne (Joachim, 2004). The 

infectious dose is low; feeding studies have demonstrated that the ingestion of as few as 10-30 

oocysts can cause infection in healthy persons (Du pont et al., 1999;  Okhuysen et al., 1999). 

Infected persons have been reported to shed 108-109 oocysts in a single bowel movement and to 
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excrete oocysts for up to 50 days after cessation of diarrhoea (Chappell et al., 1996; Jokipii and 

Jokipii, 1986).  

High prevalence of cryptosporidiosis have been reported in HIV/AIDS patients  (Ghimire 

et al., 2004; Adesiji et al., 2007; Zaidah et al., 2008) though the prevalence varies depending on 

location, age of study population, stage of disease and laboratory methods used (Zaidah et al., 

2008).  In a similar vein, the few report in Nigeria show varying prevalence depending on the 

region of the country and age of patients (Adesiji et al., 2007). In persons with AIDS, the rate of 

cryptosporidiosis is higher in developing countries, ranging from 12-48% of persons with AIDS 

who have diarrhoea (White, 2005; Wumba, 2010).  

 
2.1.5 Immunity 

The host immune response to Cryptosporidium parvum infection is still poorly 

understood. Experimental-infection studies with mice and calves show that immunity is 

dependent on the number of CD4 T cells increasing within the intestinal intraepithelial 

lymphocytes, and generating gamma interferon and Interleukin-12 may play a role, possibly 

through its ability to induce gamma interferon production (Tsaihong et al., 1990). Antigen-

driven interleukin-12 production in macrophages requires interaction between CD40 on antigen-

presenting cells and CD40 ligand on CD4+ T lymphocytes. No difference was found between 

cryptosporidiosis in normal and B-cell-depleted neonatal mice, suggesting that antibody 

production may play a less important role in recovery from infection (Sreedharan et al., 1996). 

The role of CD8 T cells is unclear, but they appear to play a role in controlling infection in mice 

(Taghi-Kilani et al., 1990). Mast cells may play a role in innate resistance in mice (Taghi-Kilani 

et al., 1990). Interleukin-�������W�X�P�R�U���Q�H�F�U�R�V�L�V���I�D�F�W�R�U���D�O�S�K�D�����D�Q�G�����/+ T cells are probably not involved 

in innate resistance to C. parvum, and the role of natural killer (NK) cells remains unclear 
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(Taghi-Kilani et al., 1990). The potential importance of gamma interferon has recently been 

highlighted in several studies. Theodos et al., (1997) developed a nonhealing mouse model of 

infection with a targeted disruption of the gamma interferon (Tanvuksel et al., 1995). These mice 

developed an overwhelming infection of the entire gastrointestinal tract and usually died within 2 

to 3 weeks; in contrast, healing mice were free of infection by day 30. Mead and You, (1998) 

also demonstrated significant differences in survival between mouse strains with and without the 

ability to produce gamma interferon (Mc Gowan et al., 1993). In a more recent study in mice 

with severe combined immunodeficiency (SCID mice), it was shown that SCID mice remained 

infected with Cryptosporidium spp. for a long time without symtoms but that those with an 

inability to produce gamma interferon died rapidly (Hashmey et al., 1997). They suggested that 

gamma interferon might be important in immunity against secondary infections, and other 

evidence suggests that it plays a role in innate immunity.  

In a study of human volunteers, jejunal biopsy specimens were examined for gamma 

interferon mRNA (Venturu et al., 1997). Gamma interferon m-RNA was not detected prior to 

challenge with Cryptosporidium spp. but was detected in 13 samples from 26 people after 

deliberate infection. After infection, the gamma interferon mRNA was more commonly found in 

volunteers with pre-existing antibody and in those who did not shed oocysts in the faeces 

indicating that gamma interferon probably plays a more important role in the secondary rather 

than primary infections. 

 
2.1.6 Diagnosis 

There are many diagnostic tests for Cryptosporidium. They include microscopy, staining, 

and detection of antigens. Microscopy can help identify oocysts in faecal matter (Chen et al., 

2002). To increase the chance of finding the oocysts, the diagnostician should inspect at least 3 
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stool samples (Gatei et al., 2006). There are several techniques to concentrate either the stool 

sample or the oocysts. The modified formalin-ethyl acetate (FEA) concentration method 

concentrates the stool (Meamar et al., 2006). Both the modified zinc sulfate centrifugal flotation 

technique and the Sheather’s sugar flotation procedure can concentrate the oocysts by causing 

them to float (Gatei et al., 2006). 

Other staining techniques include acid-fast staining (Chen et al., 2003) which will stain 

the oocysts red (Winn Jr et al 2006). One type of acid-fast stain is the Kinyoun technique 

(modified Ziehl-Neelsen stain).  Giemsa staining can also be performed (Ryan and Ray, 2004). 

Biopsy of the small intestine can be stained with hematoxylin and eosin (H & E), which will 

show oocysts attached to the epithelial cells (Winn Jr et al., 2006). 

Detecting antigens is yet another way to diagnose the disease. This can be done with 

direct fluorescent antibody techniques (Chen et al., 2002). It can also be achieved through 

indirect immunofluorescence assay (Murray et al., 2005). For greatest sensitivity and specificity, 

immunofluorescence microscopy is the method of choice followed by Enzyme immunoassays 

(Morgan-Ryan et al., 2002).  

Polymerase chain reaction (PCR) has been developed for the diagnosis Cryptosporidium 

with high sensitivity and can be used for species characterization (Chen et al., 2002). If the 

patient is thought to have biliary cryptosporidiosis, then an appropriate diagnostic technique is 

ultrasonography. If that returns normal results, the next step would be to perform endoscopic 

retrograde cholangiopancreatography (Chen et al., 2002). Figure 2.2 shows pictures of 

Cryptosporium oocyst in modified Ziehl-Neelsen stain. 
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Figure 2.2:  Arrow shows Cryptosporidium ooysts in modified Ziehl-Neelsen-stained 

faecal smear (x 450) 

Source (Arora and Arora, 2009) 
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2.1.7 Treatment 

The use of highly active antiretroviral (HAART) in persons with AIDS has reduced the 

prevalence of infection with Cryptosporidium parvum and the length and severity of its clinical 

course. This effect has in most cases been attributed to the recovery of the host immunity (Mele 

et al., 2003). However the emergence of drug- resistant HIV variant and failure or 

discontinuation of HAART has been associated with re-emergence of Cryptosporidium infection 

in these patients (Maggi et al., 2000; Nannini and Okhuysen, 2002). Even patients with advanced 

AIDS who are on HAART have recently been reported to have Cryptosporidium infection 

(Werneck-Silva and Prado, 2009). 

In immunocompetent people cryptosporidiosis often resolves on its own and treatment is 

not necessary. The main therapy consists of compensating for fluid lost from diarrhoea (Murray 

et al., 2005).  Pregnant women and young children are the most prone to become dehydrated. 

Nitazoxanide is one of the FDA approved for use in immunocompetent people to combat 

diarrhoea.  Spiramycin can help shorten the length of time oocysts are passed as well as the 

duration of diarrhoea in children (Chen et al., 2002).  The drug can also help treat diarrhoea in 

patients who are in the early stages of AIDS (Murray et al., 2005).  

In one AIDS patient from Iran, who had pulmonary cryptosporidiosis in addition to 

intestinal cryptosporidiosis, azithromycin and paromomycin helped to clear the infection 

(Meamar et al., 2006). Parenteral octreotide acetate can help decrease the number of stools 

passed (Ryan and Ray, 2004). Generally, though, for AIDS patients, the best treatment is to use 

HAART to strengthen the immune system (Chen et al., 2002).  A treatment for patients with 

biliary cryptosporidiosis who have cholangitis in addition to papillary stenosis is endoscopic 

sphincterotomy (Chen et al., 2002). 
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Currently research is being conducted in molecular-based immunotherapy.  For example, 

synthetic isoflavone derivates have been shown to fight off Cryptosporidium parvum in vitro and 

in a gerbil.  Derivates of nitazoxanide, which are synthetic nitro- or non nitro- thiazolide 

compounds, have also shown promising results in vitro (Gargal , 2008).     

 
 2.1.8 Clinical Manifestation 

In apparently healthy persons, clinical illness is characterized by watery diarrhoea, which 

can be accompanied by abdominal cramps, loss of appetite, low-grade fever, nausea, vomiting 

and weight loss, however asymptomatic infection occur frequently (Hellard et al., 2000). Persons 

with compromised immune system can suffer life threatening chronic diarrhoea, especially when 

their CD4
+ �O�\�P�S�K�R�F�\�W�H���F�R�X�Q�W���I�D�O�O�� �E�H�O�R�Z�����������F�H�O�O���—�O�����&�D�P�D��et al., 2006). There are four clinical 

presentations of cryptosporidiosis for patients with AIDS, 4% have no symptoms, 29% have a 

transient infection, 60% have chronic diarrhoea and 8% have a severe cholera-like infection. 

With transient infections, diarrhoea ends within 2 months and Cryptosporidium is no longer 

found in faeces. Chronic diarrhoea last for 2 or more months, the most severe form results in the 

patients excreting at least 2 litres of watery diarrhoea per day (Chen et al., 2002), and  losing of 

up to 25 litres of body fluid per day (Ryan and Ray, 2004).  Patients with AIDS can pass up to 10 

stools per day, they experience severe malabsorption and have 10% weight loss and many of 

them never completely eliminate Cryptosporidium from their body (Chen et al., 2002).  

When Cryptosporidium spread beyond the intestine, as it can predominate in patients 

with AIDS, it can reach the lungs, middle ear, pancreas and stomach. Thus one symptom is pain 

in the right upper quadrant (Chen et al., 2003). The parasite can invade biliary tract, causing 

biliary cryptosporidiosis. This can result to cholecystitis and cholengitis (Ryan and Ray, 2004). 
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Half of AIDS patients who contract cryptosporidiosis die in less than 6 months (Ryan and Ray, 

2004).  

 
2.1.9 Prevention and Control 

The best way to prevent getting and spreading cryptosporidiosis is to practice good 

hygiene and sanitation (Murray et al., 2005).  Prevention is through regular washing of hands 

especially after going to the toilet, and before eating. People should avoid contact with animal 

faeces (Chen et al., 2003). They should also avoid contaminated food and water. Additionally, 

people should refrain from engaging in sexual activities that can expose them to faeces (Murray 

et al., 2005).  

Standard water filtration may not be enough to eliminate Cryptosporidium, According to 

CDC report of 2009, filtration has a high effectiveness in removing Cryptosporidium when using 

an absolute less than or equal to 1 micron filter (NSF Standard 53 or 58 rated "cyst reduction / 

removal" filter) and boiling for at least one minute (three minutes above 6,500 feet (2,000 m) of 

altitude) will decontaminate it. Water Research Foundation-funded research discovered UV's 

efficacy in inactivating Cryptosporidium (Rochelle et al., 2004). Bottled drinking water is less 

likely to contain Cryptosporidium, especially if the water is from an underground source. 

Immunocompromised people should take care to protect themselves from water in lakes and 

streams (Chen et al., 2003). They should also stay away from animal stools and wash their hands 

after touching animals. Fresh fruits and vegetables should be thoroughly washed and/or peeled 

before eating (Gracia, 2001). Hand washing, use of gloves and improved personal hygiene 

minimise the risk of acquiring the infection in the hospital (Arora and Arora, 2009). 
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2.2.0 Human Immunodeficiency Virus/Acquired Immune deficiency Syndrome 

Human immunodeficiency virus is a lentivirus and a member of the Retroviridae family 

that causes AIDS (Weiss,1993; Douek et al., 2009), a condition in humans in which progressive 

failure of the immune system allows life-threatening opportunistic infections and cancers to 

thrive. Most untreated people infected with HIV-1 eventually develop AIDS (Migueles and 

Connor, 2010). These individuals mostly die from opportunistic infections or malignancies 

associated with the progressive failure of the immune system (Lawn, 2004). Infection with HIV 

progresses to AIDS at a variable rate influenced by viral, host, and environmental factors. Most 

infection will progress to AIDS within 10 years of HIV infection, some will progress much 

sooner, and some will take much longer (Buchlinder et al., 1994).  

 
2.2.1 History of HIV/AIDS  

Genetic research indicates that HIV originated in West-Central Africa during the late 

nineteenth or early twentieth century (Gao et al., 1999; Worobey et al., 2008). Acquired 

Immunodeficiency Syndrome was first recognized by the Centers for Disease Control and 

Prevention (CDC) in 1981 and its cause, HIV, identified in the early 1980s (Gallo, 2006). The 

first two cases of HIV and AIDS in Nigeria were identified in 1985 and were reported at an 

international AIDS conference in 1986.  Although two types of HIV have been characterized 

(HIV-1 and HIV-2). HIV-1 is the virus that was initially discovered and termed both LAV and 

HTLV-III. Human immunodeficiency virus-1 is more virulent, more infective (Gilbert et al., 

2003) and is the cause of the majority of HIV infections globally. The lower infectivity of HIV-2 

compared to HIV-1 implies that fewer of those exposed to HIV-2 will be infected per exposure. 

Because of its relatively poor capacity for transmission, HIV-2 is largely confined to West 

African sub region (Reeves and Doms, 2003). 
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2.2.2 Transmission 

  Infection with HIV occurs by contact with blood, semen, vaginal fluid, pre-ejaculate, or 

breast milk. Within these bodily fluids, HIV is present as both free virus particles and virus 

within infected immune cells. The four major routes of transmission are unprotected sex, 

contaminated needles, breast feeding, and transmission from an infected mother to her baby at 

birth. Screening of blood products for HIV has largely eliminated transmission through blood 

transfusions or infected blood products in the developed world.  

Heterosexual transmission remains the dominant mode of transmission and accounts for 

about 85% of all HIV-1 infections. Southern Africa remains the epicentre of the pandemic and 

continues to have high rates of new HIV-1 infections (Hayes, 2006). Sexual transmission can 

occur when infected sexual secretions of one partner come into contact with the genital, oral, or 

rectal mucous membranes of another. In high-income countries, the risk of female-to-male 

transmission is 0.04% per act and male-to-female transmission is 0.08% per act. For various 

reasons, these rates are 4 to 10 times higher in low-income countries (Boily et al., 2009). 

According to UNAIDS (2006) report on the global AIDS epidemics, outside of sub-Saharan 

Afri ca, a third of all HIV-1 infections are acquired through injecting drug use, most (an 

estimated 8·8 million) of which are in Eastern Europe and Central and Southeast Asia. A 

defining feature of the pandemic in the current decade is the increasing burden of HIV-1 

infections in women (Quinn and Overbaugh, 2005), which has additional implications for 

mother-to-child transmission. The transmission of the virus from the mother to the child can 

occur in utero (during pregnancy), intrapartum (at childbirth), or via breast feeding. In the 

absence of treatment, the transmission rate between conception and time of birth increases to 

about 25% (Coovadia, 2004). However, where combination antiretroviral drug treatment and 
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Caesarian section are available, this risk can be reduced to as low as one percent (Coovadia, 

2004).  An estimate of 430,000 children were infected worldwide in 2008 (19% of all new 

infections), primarily by this route, and that a further 65,000 infections were averted through the 

provision of antiretroviral prophylaxis to HIV-positive women (UNAIDS, 2009) hence in 2010 

an estimate of 370,000 children were infected (UNAIDS, 2010). 

The risk of HIV transfusion through infected blood products exceeds that of any other 

risk exposure. Ninety percent of recipients transfused with HIV antibody-positive blood were 

found to be HIV infected at follow-up (Donegan, 1994) 

 
2.2.3 Pathogenesis 

Human immunodeficiency virus infects vital cells in the human immune system such as 

helper T cells (specifically CD4+ T cells), macrophages, and dendritic cells (Cunningham et al., 

2010). The typical course of untreated HIV infection spans for about a decade. Stages include the 

primary infection, dissemination of virus to lymphoid organs, clinical latency, elevated HIV 

expression, clinical disease and death. The duration between primary infection and progression 

to clinical disease averages about ten years. In untreated cases, death usually occurs within two 

years after the onset of clinical symptoms (Brooks et al., 2010). In the absence of HAART, 

progression from HIV infection to AIDS has been observed to occur at median of between nine 

to ten years and the median survival time after developing AIDS is only 9.2 months (Morgan et 

al., 2002). Ultimately, HIV causes AIDS by depleting CD4+ T helper lymphocytes. This 

weakens the immune system and allows opportunistic infections. T lymphocytes are essential to 

the immune response and without them, the body cannot fight infections or kill cancerous cells. 

The mechanism of CD4+ T cell depletion differs in the acute and chronic phases (Hel et al., 

2006) Following primary infection, there is a 4 to 11 day period between mucosal infection and 
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initial vireamia, the vireamia is detected for about 8-12 weeks and is widely disseminated 

throughout the body and the lymphoid organs become seeded. An acute mononucleosis like 

syndrome develops in many patients (50-75%) 3-6 weeks after primary infection (Brooks et al., 

2010). During the acute phase, HIV-induced cell lysis and killing of infected cells by cytotoxic T 

cells accounts for CD4+ T cell depletion, although apoptosis may also be a factor. Although the 

symptoms of immune deficiency characteristic of AIDS do not appear for years after a person is 

infected, the bulk of CD4+ T cell loss occurs during the first weeks of infection, especially in the 

intestinal mucosa, which harbors the majority of the lymphocytes found in the body (Mehandru 

et al., 2004). The reason for the preferential loss of mucosal CD4+ T cells is that a majority of 

mucosal CD4+ T cells express the CCR5 coreceptor, whereas a small fraction of CD4+ T cells in 

the bloodstream do so (Brenchley et al., 2004). Human immune deficiency virus seeks out and 

destroys CCR5 expressing CD4+ cells during acute infection. An immune response to HIV 

occurs 1week to 3months after infection, plasma viremia drops, and levels of CD4 cells rebound, 

however the immune response is unable to clear the infection completely and HIV-infected cells 

persist in the lymph nodes (Brooks et al., 2010).   

  During the chronic phase, which can last for months to years, virus replication continues 

and the number of CD4+ T cells in the blood begins to significantly decrease. Because this T-

helper are critically important in the generation of acquired immunity, individuals at the stage 

develop a variety of symptoms including fever, weight loss, malaise, fatigue, anorexia, 

abdominal pain, diarrhoea, headaches and lymphadenopathy (Willey et al., 2011). Continuous 

HIV replication results in a state of generalized immune activation persisting throughout the 

chronic phase (Appay and Sauce, 2008). Immune activation, which is reflected by the increased 

activation state of immune cells and release of proinflammatory cytokines, results from the 
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activity of several HIV gene products and the immune response to ongoing HIV replication. 

Another cause is the breakdown of the immune surveillance system of the mucosal barrier 

caused by the depletion of mucosal CD4+ T cells during the acute phase of disease (Brenchly et 

al., 2006). This results in the systemic exposure of the immune system to microbial components 

of the gut’s normal flora, which in a healthy person is kept in check by the mucosal immune 

system. The activation and proliferation of T cells that results from immune activation provides 

fresh targets for HIV infection. However, direct killing by HIV alone cannot account for the 

observed depletion of CD4+ T cells since only 0.01–0.10% of CD4+ T cells in the blood are 

infected.A major cause of CD4+ T cell loss appears to result from their heightened susceptibility 

to apoptosis when the immune system remains activated. Although new T cells are continuously 

produced by the thymus to replace the ones lost, the regenerative capacity of the thymus is 

slowly destroyed by direct infection of its thymocytes by HIV. Eventually, the minimal number 

of CD4+ T cells necessary to maintain a sufficient immune response is lost, leading to AIDS 

2.2.4 Epidemiology 

The disease is a major health problem in many parts of the world, and is considered a 

pandemic, a disease outbreak that is not only present over a large area but is actively spreading 

(Kallings, 2006). According to UNAIDS (2009) report, some 60 million people have been 

infected worldwide since the start of the pandemic, with some 25 million deaths, and 

14 mill ion orphaned children in southern Africa alone. The UNAIDS reported that, at the end of 

2010, 34 million people were globally living with HIV, 2.7 million were newly infected and 1.8 

million died of AIDS related illness. The region most heavily affected remains Sub- Saharan 

Africa with South Africa having more people living with it (an estimate of 5.6 million). 

According to the 2010 seroprevalence sentinel survey, the prevalence rate of HIV in Nigeria is 
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4.1% with Kaduna state having 5.1 %. Women were more susceptible to HIV-1 infection due to 

hormonal changes, vaginal microbial ecology and physiology, and a higher prevalence of 

sexually transmitted diseases (Sagar et al., 2004; Lavrey et al., 2004). 

According to WHO/UNAIDS/UNICEF (2011), the global incidence of HIV infection has 

stabilized and on the decline in many countries with generalized epidermics. The number of 

people receiving antirectroviral therapy continues to increase with 6.65 million people getting 

treatment at the end of 2010. New surveillance data confirm that the epidemic disproportionately 

affect sex workers, men who have sex with men, transgender people, people who inject drugs, 

prisoners and migrants in both concentrated and generalized epidemics. These people are not 

included in natural AIDS plan even though they face formidable legal and other structural barrier 

to accessing HIV services.  

 
2.2.5 Immunity 

 Human immune deficiency Virus infected persons develop both humoral and cell 

mediated responses against HIV related antigens. Antibodies to a number of viral antigens 

develop soon after infection (Brooks et al., 2010).  Many forms of HIV commonly use CCR5 

and/or CXCR4 as a co-receptor to enter its target cells. A few individuals carry a mutation 

known as CCR5-�û���� in the CCR5 gene, protecting them against these strains of HIV. Several 

chemokine receptors can function as viral coreceptors, but CCR5 is likely the most 

physiologically important coreceptor during natural infection. The normal ligands for this 

receptor, RANTES, MIP-1��, and MIP-1�., are able to suppress HIV-1 infection in vitro. In 

individuals infected with HIV, CCR5-using viruses are the predominant species isolated during 

the early stages of viral infection (Anderson and Akkina, 2007) suggesting that these viruses may 

have a selective advantage during transmission or the acute phase of disease.  
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2.2.6 Treatment 

There is currently no cure for HIV infection, though the search is on and many drugs are 

at various stages of testing. Antiviral drugs currently approved for use according to Willley et al 

(2011) are: 

1.   Nucleoside reverse transcriptase inhibitors (NRTIs) Examples include Zidovudine 

(AZT or Retrovir), didanosine (Videx), zalcitabine (ddc orHIVID), tenofovir (Viread), 

emtricitabine     (Emtriva or Coviracil), stavudine (Zerit), and lamivudine (Epivir or3TC). 

2.  The nonnucleoside reverse transcriptase inhibitors (NNRTIs) include delavirdine 

(Rescriptor), efavirenz (Sustiva), and nevirapine (Viramune). 

3.  The protease inhibitors (PIs) Examples include indinavir (Norvir), nelfinavir (Viracept), 

lopinavir (Kaletra), Fosamprenavir (Lexiva), atazanavir (Reyataz), and saquinavir 

(Invirase). 

4.  The fusion inhibitors (FIs) Example is enfuvirtide (Fuzeon). 

Therapy with HAART became available in 1996, it often can suppress viral replication to 

below limit of detection in plasma, decrease viral loads in lymphoid tissue, allow the recovery of 

immune response to opportunistic pathogens, and prolong patient survival (Brooks et al., 2010). 

 
2.2.7 Diagnosis 

The diagnosis of HIV-1 infection is based on the detection of specific antibodies, antigens, or 

both, and many kits have been developed and are available commercially. Serological tests are 

generally used for screening. A major advance has been the availability of rapid HIV-1 antibody 

tests. These assays are easy to do and provide results rapidly (Green wald et al., 2006), enabling 

specimen collection and proper diagnosis at the same visit. Rapid tests are important tools for 

surveillance, screening, and diagnosis, and can be reliably done on plasma, serum, whole blood, 
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or saliva by health-care providers with little laboratory expertise. The two limitations of these 

serological tests are detection of infection during primary infection when antibodies are absent, 

and in infants younger than 18 months who might bear maternal HIV-1 antibodies. In these 

instances direct virus detection is the only option (e.g., quantification of viral RNA [standard] or 

p24 antigen in heat denatured serum [less expensive]). 

For staging purposes, measurement of CD4+ cells and viraemia is required. Plasma viral 

load is widely used to monitor therapeutic success of antiretroviral treatment. Several 

commercially available tests provide sensitive quantification of plasma HIV-1 RNA copies. The 

newer versions of the Amplicor and Quantiplex (Roche, Indianapolis, IN, USA, and Bayer 

Diagnostics, Walpole, MA, USA, respectively) assays have overcome initial suboptimum 

performance for non-B subtypes (Berger et al., 2005). While the viral load determines the rate of 

destruction of the immune system, the number of CD4+ cells reveals the degree of 

immunodeficiency and is, therefore, used to assess the stage of infection. The CD4+ cell counts 

together with clinical manifestations (e.g., occurrence of opportunistic infections) are key criteria 

for HIV-1 disease classification.  

Flow cytometry analysis is the standard method for CD4+ cells quantification. Standard 

methods for quantifying viral load and CD4+ cell counts need advanced laboratory 

infrastructures, and assays require a specimen to be tested within a short time of collection. 

These requirements pose challenges for resource-constrained settings. The use of dried blood 

spot specimen has resolved some of the difficulties associated with transportation of samples 

needed for virological assessments (Uttaymakul et al., 2005). Similarly microcapilliary flow-

based systems, CD4+ chips, or total white counts (panleucocyte gating) provide alternatives for 
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establishment of the level of immunodeficiency in resource-limited settings (Rodriguez et al., 

2005;  Ceffa et al., 2005). 

 
 2.2.8 Symptoms  

Infection with HIV generally occurs by introduction of bodily fluids from an infected 

person into the body of an uninfected person. A period of rapid viral replication ensues, leading 

to an abundance of virus in the peripheral blood. During primary infection, the level of HIV may 

reach several million virus particles per milliliter of blood (Piatak et al., 1993). This response is 

accompanied by a marked drop in the numbers of circulating CD4+ T cells. Thus acute viremia is 

associated in virtually all patients with the activation of CD8+ T cells, which kill HIV-infected 

cells, and subsequently with antibody production, or seroconversion. The CD8+ T cell response 

is thought to be important in controlling virus levels, which peak and then decline, as the CD4+ T 

cell counts rebound. A good CD8+ T cell response has been linked to slower disease progression 

and a better prognosis, though it does not eliminate the virus (Pantaleo et al., 1997). During this 

period (usually 2–4 weeks post-exposure) many individuals develop an influenza or 

mononucleosis-like illness called acute HIV infection, the most common symptoms of which 

may include fever, lymphadenopathy, pharyngitis, rash, myalgia, malaise, mouth and esophageal 

sores, and may also include, but less commonly, headache, nausea and vomiting, enlarged 

liver/spleen, weight loss, thrush, and neurological symptoms.  

Infected individuals may experience all, some, or none of these symptoms. The duration 

of symptoms varies, averaging 28 days and usually lasting at least a week (Kahn and Walker, 

1998). Because of the nonspecific nature of these symptoms, they are often not recognized as 

signs of HIV infection. Even if patients go to their doctors or a hospital, they will often be 

misdiagnosed as having one of the more common infectious diseases with the same symptoms. 
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As a consequence, these primary symptoms are not used to diagnose HIV infection, as they do 

not develop in all cases and because many are caused by other more common diseases. However, 

recognizing the syndrome can be important because the patient is much more infectious during 

this period (Daar et al., 2001).  

 
2.2.8.1 Chronic Infection 

A strong immune defence reduces the number of viral particles in the blood stream, 

marking the start of secondary or chronic HIV infection. The secondary stage of HIV infection 

can vary between two weeks and 20 years. At this phase of infection, HIV is active within lymph 

nodes, which typically become persistently swollen, in response to large amounts of virus that 

become trapped in the follicular dendritic cells (FDC) network (Burton et al., 2002). The 

surrounding tissues that are rich in CD4+ T cells may also become infected, and viral particles 

accumulate both in infected cells and as free virus. Individuals who are in this phase are still 

infectious; CD4+ CD45RO+ T cells carry most of the proviral load (Clapham and Mcknight, 

2001).  

 
2.2.8.2 Acquired Immune Deficiency Syndrome 

The symptoms of AIDS are primarily the result of conditions that do not normally 

develop in individuals with healthy immune systems. Most of these conditions are opportunistic 

infections caused by bacteria, viruses, fungi and parasites that are normally controlled by the 

elements of the immune system that HIV damages (Kallings et al., 2003). These infections affect 

nearly every organ system. People with AIDS also have an increased risk of developing various 

cancers such as Kaposi's sarcoma, cervical cancer and cancers of the immune system known as 

lymphomas. Additionally, people with AIDS often have systemic symptoms of infection like 
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fevers, sweats (particularly at night), swollen glands, chills, weakness, and weight loss (Guss, 

1994a; Guss, 1994b). Opportunistic infection usually do not occur in HIV-infected patients until 

CD4 T cell count have dropped from normal level of about 1000 cel�O�V���—�O�� �W�R�� �O�H�V�V�� �W�K�D�Q�� ��������

�F�H�O�O�V���—�O�� 

The most common opportunistic infection in untreated AIDS patient reported by Brooks 

et al. (2010) include:- 

�x Protozoa: Toxoplasma gondii, Isospora belli, Cryptosporidium species. 

�x Fungi: Candida albicans, Cryptococcus neoformans, Coccidiodes immitis, Histoplasma 

capsulatum, Pneumocystis jiroveci. 

�x Bacteria: Mycobacterium avium-intracellulare, M tuberculosis, Listeria monocytogenes, 

Nocardia asteroids, Salmonella species, Streptococcus species. 

�x Viruses: Cytomegalovirus, Herpes simplex virus, Varicella-zoster virus, Adenovirus, 

polyomavirus, JC virus, Hepatitis B virus, Hepatitis C virus 

Diarrhoea is one of the most common presenting complaints in HIV-infected individuals. 

The infectious etiological agents include both opportunistic agents that consistently cause severe, 

chronic or frequent gastrointestinal disease and non-opportunistic agents that usually cause acute, 

treatable diarrhoeal illness (Saha et al., 2011). Chronic diarrhoea, defined as persistence of 

diarrhoea beyond four weeks (Saha et al., 2011) is a common symptom in HIV-infected patients 

in the tropics. Due to the delayed diagnosis of HIV in these individuals, the patients usually take 

over-the-counter drugs or local medications for symptomatic relief and the underlying disease is 

left untreated.  The World Health Organisation defines diarrhoea, wasting syndrome along with a 

positive HIV serology test to be an AIDS-defining illness (Alemu et al., 2011). 
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2.2.9 Prevention 

Prevention and control of AIDS is achieved primarily through education (Willey et al., 

2011). The health education for the general public has been summarized as follows (Brooks et 

al., 2010): 

�x Any sexual intercourse (outside of mutually monogamous HIV antibody-negative 

relationships) should be protected by a condom. 

�x Do not share unsterile needles or syringes. 

�x All women who have been potentially exposed should seek HIV antibody testing before 

becoming pregnant and, if the test is positive, should consider avoiding pregnancy. 

�x All HIV -infected mothers should avoid breast feeding to reduce transmission of the virus 

to their children if safe alternative feeding options are available. 

Population Action International in 2008 reported that even before the term 'ABC' was 

conceived, materials provided by WHO, the Global Program on AIDS (later succeeded by 

UNAIDS) and governments and organisations around the world, contained information on how 

abstinence, fidelity and condom use could prevent the sexual transmission of HIV. According to 

UNAID's 2004 Global Report on the AIDS Epidemic, 'ABC' stands for: 

�x Abstinence (not engaging in sex, or delaying first sex)  

�x Being safer, by being faithful to one's partner or reducing the number of sexual partners  

�x Correct and consistent use of condoms. 

The following are broader strategies for preventing HIV among children as reported by 

WHO/UNAIDS  
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�x Preventing HIV infection among prospective parents by making HIV testing and other 

prevention interventions available in services related to sexual health such as antenatal 

and postpartum care and focusing on preventing HIV in women of a child-bearing age.  

�x Avoiding unwanted pregnancies among HIV positive women by providing appropriate 

counselling and support to women living with HIV to enable them to make informed 

decisions about their reproductive lives. Ensuring that contraception is available to 

women who want it.  

�x Preventing the transmission of HIV from HIV positive mothers to their infants during 

pregnancy, labour, delivery and breastfeeding.  

�x Integration of HIV care, treatment and support for women found to be positive and 

their families. 

 
2.3.0 CD4 T- Cells 

The cluster of differentiation  4 (CD4) is a glycoprotein expressed on the surface of T 

helper cells, regulatory T cells, monocytes, macrophages, and dendritic cells. The CD4 is used 

by HIV-1 to gain entry into host T-cells. This is achieved by binding of the viral envelope 

protein known as gp120 to CD4 (Kwong et al., 1998). The cardinal feature of HIV is the 

depletion of T helper-inducer lymphocytes-the result of HIV replication in this population of 

lymphocytes as well as of the death of uninfected T cells by indirect mechanism (Brooks et al., 

2010).  The CD4 count is a strong predictor of HIV progression to AIDS and death and is by 

consensus considered the best laboratory marker for deciding when to initiate antiretroviral 

treatment (Giorgi, 1993; Sterling et al., 2001). Flow Cytometers are used in cell counting and 

sorting application (Nurez, 2001). Normal blood values are 500-1200x106/L (Bofill et al., 1992). 
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Highly active antiretroviral therapy decreases the viral load and gives CD4+ time to 

regenerate to be able to fight infections.   Figure 2.3 shows a computer generated image of a 

human CD4+ white blood cell infected by HIV particles. In this computer generated image, the 

large object is a human CD4+ white blood cell, and the spots on its surface are the spiky blue 

objects in the foreground represent HIV particles.   

Cryptosporidiosis is normally self-limited in HIV-infected individuals with CD4+ T-cell 

counts over 180 cells/µl and usually chronic in HIV-infected individuals with lower counts, and 

it may be fulminant in some patients with CD4+ T-cell counts below 50 cells/µl (Blanchard et al., 

1992; Flanigan et al., 1992; Manabe et al., 1998). However, asymptomatic oocyst shedding has 

been noted in apparently healthy individuals and also in HIV-positive individuals (Esteban et al., 

1998; Yu et al 2004; Houpt et al 2005).  
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Figure 2.3:  Arrow shows a computer generated image of a human CD4+ white blood cell 

infected by HIV Particles. 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Study Area 

The study was conducted in Kaduna metropolis, Kaduna state Nigeria between October 

2011 and January 2012. According to C-GIDD report of 2008, Kaduna metropolis covers an area 

of 3,080 km2 and derives its name from the Hausa word ‘Kada’ meaning Crocodile and ‘Kaduna’ 

is the Hausa plural word for crocodiles many of which abounded in River Kaduna. It is a major 

hub for the surrounding agricultural areas with its rail and road junction. Kaduna is an industrial 

centre of Northern Nigeria, housing manufacturing industries for products such as textile, 

machinery, steel, aluminium, petroleum products and bearings. The population of Kaduna 

metropolis is about 760,084 according to the 2006 census. It has a characteristic southern guinea 

savannah climatic condition; where the two rainfall dry and wet seasons match the vegetation 

type typical of the zone. 

 
3.2 Study Population 

The study was carried out among HIV seropositive patients attending Antiretroviral 

Clinics in three health care facilities within Kaduna metropolis. These facilities were Barau 

Dikko Specialist Hospital located in Kaduna North, Gwamna Awan General Hospital located in 

Kaduna South and Yusuf Dantsoho General Hospitals located Kaduna West. The study 

population included male and female, of ages 16 to 65 years old, from all works of life attending 

the Antiretroviral Clinics. 

3.3 Control Population   

 Blood and stool samples were collected from 30 (10% of the study population) non-HIV 

patients with or without diarrhoea, who served as control group for the study. 
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3.4 Inclusion Criteria 

The inclusion criteria were all consenting HIV positive patients attending ARV clinics 

within the study period and non HIV patients who gave consent.  

 
3.5 Exclusion Criteria  

The exclusion criteria were all non consenting non- HIV patients and non consenting 

HIV patients attending the facilities during the study period. 

 
3.6 Ethical Approval and consent 

Approval to carry out the research was given by the hospital ethical committee of Kaduna 

State Ministry of Health (Appendix I). The consent of individuals recruited for the study was 

obtained and they were educated on the purpose and benefits of the study (Appendix II). 

 
3.7 Sample Size 

The sample size was determined using the following equation as described by Naing et 

al. (2006) as follows:- 

 �J= ��
�x�. �n( �5�?�n)

�b�.  

Where n = sample size for both stool and blood. 

 z = statistics for a level of 95% confidence interval = 1.96 

 p = prevalence rate of Cryptosporidium infection among HIV seropositive patient = 

22.2% (Akinbo et al., 2010) 

 d = precision (allowable error) = 5% = 0.05 

thus �J= ��
( �5.�=�:�. )× �4.�6�6�6× (�5�?�4.�6�6�6)

( �4.�4�9) �.  

  ���J= ��
�4.�:�:�7�:

�4.�4�4�6�9
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= 265.44 �§�������� 

The calculated sample size was 265, which was the minimum sample to be used for the study. 

 
3.8 Study Design   

Samples were collected consecutively from 300 consenting HIV seropositive patients 

who came to the clinic for CD4+ cell count during the study period. All consenting patients were 

picked for the study regardless of whether the patients were on HAART or not. One hundred 

samples were collected randomly from each of the three Hospitals.  Control samples were 

randomly collected consecutively from 30 consenting individuals who came for voluntary 

counseling and testing and were tested negative. Ten controls were collected from each of the 

three Hospitals. 

 
3.9 Data Collection using Questionnaire 

  Prior to sample collection a predesigned structured questionnaire was used to collect 

socio-demographic and clinical data of each of the study participants. Information concerning 

potential risk factors associated with cryptosporidiosis was also obtained using the 

questionnaires (Appendix III). 

 
3.10 Sample Collection 

Five millilitres (5 ml) of blood was collected by a trained phlelabotomist aseptically from 

each participant into a vacutainer tube containing EDTA and placed on a roller mixer, this was 

used for CD4+ cell enumeration. Stool specimens were also collected by the participants into a 

wide-mouthed stool specimen container and used for detecting Cryptosporidium by microscopy 

and ELISA. One hundred blood samples and one hundred stool samples were collected from 

each Hospital.   Blood Samples for CD4+ cell count and stool for microscopy were processed 
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immediately after collection while stool sample for ELISA were stored at -20�(  and transported 

to the Microbiology Department, Faculty of Science Ahmadu Bello University Zaria for analysis. 

 
3.11 Sample Analysis 

3.11.1 Formol Ether Concentration and Modified Ziehl-Neelsen (ZN) Method Analysis of 

Stool Samples by Microscopy 

The method described by Cheesebrough 2005 was used. About one gram of stool was 

emulsified in about 4ml of 10% formol water in a tube. 3ml of 10% V/V formol water was 

added. The tube was capped and sample mixed properly by shaking. The emulsified stool was 

sieved into a beaker. The supernatant was transfered into a centrifuge tube and 3ml of diethyl 

ether was added. The tube was stoppered and mixed for 1 minute. A tissue was wrapped around 

the top of the tube and used to loosen the stopper. It was then centrifuged immediately at 

1000rpm for 1 minute. A pasteur pipette was used to carefully remove the entire column of fluid 

below the faecal debris and ether, this was transferred to another centrifuge tube. 

 Formol water was added to make the volume up to 10ml, this was then centrifuge at 

3000rpm for 5. The supernatant was removed and the bottom of the tube tapped to resuspend and 

mix the sediment. A smear from the sediments was prepared on a slide. The smear was air dried 

and fixed with methanol for 3 minutes.  

The smear was stained with unheated carbol fuchsin for 15 minutes and then washed off 

with water. The smear was decolourised with 1% acid alcohol for 15 seconds and washed off 

with water. The smear was counterstained with 0.5% malachite green for 30 seconds and washed 

off with water. The slide was placed on a draining rack for the smear to dry. Stained smear were 

observed with an Olympus microscope for oocysts, using x10 objective to detect the oocyst and 

the x100 objective to identify them. The diameter of the oocyst (4-6um) was measured using a 
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microscope equipped with an ocular micrometer and calibrated against a stage micrometer, 

which has uniformly spaced lines of known distance etched on it. 

 
3.11.2 ELISA Method for Detection of Cryptosporidium  

All stool samples were tested for the presence of Cryptosporidium antigen by a 

commercially available ELISA kit Cryptosporidium Faecal kit (Diagnostic Automation, Inc. 

USA). The assay was carried out according to manufacturer’s instructions. 

 
3.11.2.1 Principle of Test  

 Cryptosporidium antigens if  present in the stool supernatant are captured by antibodies 

attached to the wells during the first incubation. The second incubation adds an additional anti-

Cryptosporidium antibody that “sandwiches” the antigen. The third incubation adds an anti- 

second antibody conjugated to peroxidase. After washing four times to remove unbound enzyme, 

a chromogen is added which develops a blue color in the presence of the enzyme complex and 

peroxide. The stop solution ends the reaction and turns the color to yellow. 

 
3.11.2.2 Test Procedure   

   Sample dilutions were prepared in labeled tubes. An applicator stick was used to pick 

about a pea size of faecal sample; this was added to 0.3 ml of dilution buffer and was thoroughly 

mixed. Watery specimens were mixed and 0.1 ml of the sample was added to 0.3 ml dilution 

buffer. Wells were labeled and a �P�L�F�U�R�S�L�S�H�W�W�H���Z�D�V���X�V�H�G���W�R���G�L�V�S�H�Q�V�H�����������—�O���R�I���Q�H�J�D�W�L�Y�H���F�R�Q�W�U�R�O���W�R��

�Z�H�O�O�� ���� �D�Q�G�� �������� �—�O�� �R�I�� �S�R�V�L�W�L�Y�H�� �F�R�Q�W�U�R�O�� �W�R�� �Z�H�O�O�� ������ �$�� �P�L�F�U�R�S�L�S�H�W�W�H�� �Z�D�V�� �X�V�H�G�� �W�R�� �G�L�V�S�H�Q�V�H�� ������ �—�O�� �R�I��

dilution buffer to each sample well. Fifty (50) microlitre of sample was added to each sample 

well with dilution buffer. The plate was then incubated for 60 minutes at room temperature 

(25oC) after which the wells were washed 4 times manually. The plates were dried on a clean 
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absorbent tissue to remove excess wash buffer. Two drops of enzyme conjugate were then added 

to each well and incubated for 30 minutes at room temperature after which the wells were 

washed. The plates were then tapped gently on a clean absorbent paper to remove excess wash 

buffer. Two drops of chromogen was added to each well and incubated for 10 minutes at room 

temperature after which 2 drops of stop solution was added to each well and mixed by gently 

tapping the side of the strip holder with the index finger for approximately 15 seconds. Reactions 

were read within 5 minutes after adding stop solution using an ELISA plate reader (GF-M3000 

B. Bran Scientific and Instrument Company England) at 450nm.  

 
3.11.2.3 Interpretation of Result  

Absorbance values of 0.15 Optical Density(OD) units and above indicates that the sample 

contains Cryptosporidium antigen (positive) while Absorbance values less than 0.15 OD units 

indicates the sample does not contain detectable levels of Cryptosporidium antigen (negative). 

 
3.11.3 CD4+ T Cell Count  

Blood samples were analyzed on a Cyflow partec device (071040020 Partec GmbH 

Germany) which counted the CD4+ cells. 

3.11.3.1 Principle of Test 

 Leukocytes in the subpopulations are determined because of their CD-markers and for 

this specific antibodies are used which recognize a specific epitope on the cell of interest. 

Because of the link between the antibody and the specific fluorescence light when exited by a 

532nm laser. The fluorescence is detected in the FL 2 channel of the Cyflow counter and 

assigned to a specific cell.  
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3.11.3.2 Test Procedure 

Blood sample were placed on the roller mixer for at least 15 minutes for proper mixing. 

�����—�O���R�I���&�'4
+ easy count-CD4

+ monoclonal antibody was added to a partec test tube. To this was 

�D�G�G�H�G�� �����—�O�� �R�I�� �E�O�R�R�G�� �V�D�P�S�O�H�� �D�Q�G�� �L�Q�F�X�E�D�W�H�G�� �I�R�U�� �����P�L�Q�X�W�H�V�� �L�Q�� �W�K�H�� �G�D�U�N�� �D�W���U�R�R�P�� �W�H�P�S�H�U�D�W�X�U�H�� ������-

30oc) mixing at intervals.  After which�����������—�O���R�I�� �&�'4
+ easy count-No lyse buffer was added to 

the tube and shaken gently. 

3.12 Sensitivity and Specificity 

 Sensitivity and Specificity of microscopy was calculated using ELISA as a gold standard. 

Sensitivity =              True Positive                    
                   True Positive + False Negative 
 
 
Specificity =              True Negative                    
          True Negative + False Positive                        

    
3.13 Data Analysis 

 The data obtained was analysed using statistical software SPSS, version 17.00. Results 

obtained were converted to percentages and presented in tables and figures. Chi-square test was 

use to test for significant association and p-value <0.05 was considered significant.  
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CHAPTER FOUR 

4.0 RESULT 

 Stool samples from 300 HIV seropositive patients attending three hospitals in Kaduna 

Metropolis were screened for Cryptosporidium infection using ELISA and microscopy methods. 

Cryptosporidium was detected in the stool of 177 (59.0%) patients by ELISA and in 45 (15.0%) 

by microscopy. There was a significant difference in the prevalence of Cryptosporidium obtained 

by ELISA ���$2 =38.7764, df=2, p=0.000) and by microscopy ���$2 = 8.941, df=2, p=0.012) among 

the selected Hospitals. The highest prevalence was recorded in Yusuf Dantsoho Hospital for 

ELISA (72.0%, 72/100) and (22.0%, 22/100) for microscopy while the lowest was in Gwamna 

Awan Hospital (34.0%, 34/100) for ELISA and (7.0%, 7/100) for microscopy (Table 4.1). A 

typical oocyst of Cryptosporidium seen under the microscope is shown in Figure 4.1.  A  Venn 

diagram of the number of Cryptosporidium infection among HIV seropositive patients within 

Kaduna metropolis by ELISA and Microscopy is shown in Figure 4.2. 
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Table 4.1:  Prevalence of Cryptosporidium infection among HIV seropositive patients 
attending some selected Hospitals within Kaduna metropolis, Nigeria.  

 
Hospital  *ELISA    **Microscopy  Total 

  Positive (%) Negative (%)    Positive (%)   Negative (%)  

Barau Dikko      71 (71.0)   29 (29.0)    16 (16.0)    84 (84.0)             100                          

Yusuf Dantsoho 72 (72.0)   28 (28.0)     22 (22.0)    78 (78.0)             100                         

Gwamna Awan   34 (34.0)   66 (66.0)      7 (7.0)     93 (93.0)             100 

Total      177 (59.0)   123 (41.0)     45 (15.0)   255 (85.0)   300 

�
���$2 =38.7764, df=2, p=0.000)  �
�
���$2 = 8.941, df=2, p=0.012) 
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Figure 4.1:  Arrow shows Cryptosporidium oocyst in the stool of patient as seen under the 
microscope. 
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Figure 4.2: Venn diagram of the number of Cryptosporidium infection among HIV seropositive 
patients within Kaduna metropolis by ELISA and Microscopy. 
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The results obtained and the sociodermographic data from questionnaires were analysed 

and the results are presented in Table 4.2. There was a marked difference in the distribution of 

Cryptosporidium among the patients by age group. Individual in the age group 16-25 years had 

the highest prevalence (25.7%: 9/35) of Cryptosporidium and 36-45 years had the lowest 

prevalence (10.4: 10/96). However there was no significant difference ���$2 = 4.975, df=4, 

p=0.290) between the prevalence obtained for the parasite and the various age groups.  

Of the 45 patients who were positive for Cryptosporidium infection 18 (19.8%) were 

male and 27 (12.9%) were female. Rate of infection in male was higher than that of female, 

however there was no significant difference ���$2 = 2.341, df=1, p=0.126) in the observed 

prevalence between male and female. 

In relation to marital status, infection was highest (17.0%: 33/194) among married 

patients and lowest (0%: 0/8) among the divorced. However there was no significant difference  

���$2 =3.891, df=3, p=0.274) in their prevalence. 

Regarding educational status, there was no significant difference in the prevalence of 

Cryptosporidium ���$2 = 5.233, df=3, p=0.156). However the highest prevalence (26.1%: 6/23) 

was detected in those with no formal education while the lowest prevalence (11.1%:15/135) was 

detected in those with secondary education. 

The result was further analysed according to occupation of patients and there was no 

statistical significant association ���$2 = 3.170, df=4, p=0.530) between Cryptosporidium infection 

and type of occupations. However the highest prevalence (25.0%: 6/24) was seen in those with 

other type of occupations, while the lowest (6.7%: 1/15) was seen in patients who are retired. 
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Table 4.2: Distribution of Cryptosporidium infection by demographic factors among 
                        HIV seropositive patients within Kaduna metropolis, Nigeria. 

 
Demographic 
factors 

Total  
Number 

No positive  
by *ELISA  
(%) 

No positive  
 **Microscopy 
(%) 

P value 

Age (years) 

16-25 35 26 (74.3) 9 (25.7)  
26-35 117 71 (60.7) 17 (14.5) *p=0.255 

36-45 96 51 (53.1) 10 (10.4) **p=0.290 
46-55 40 23 (57.5) 7 (17.5)  

56-65 12 6 (50.0) 
 

2 (16.7) 
 

 
 

Gender 

Male 91 56 (61.5) 18 (19.8) *p=0.555 
Female 209 121 (57.9) 

 
27 (12.9) 
 

**p=0.126 

Marital status 
Single 49 30 (61.2) 8 (16.3)  

Married 194 119 (61.3) 33 (17.0) *p=0.417 

Divorced 8 4 (50.0) 0 (0) **p=0.274 
Widowed 49 24 (49.0) 4 (8.2) 

 
 

Educational status 

Primary 101 59 (58.4) 19 (18.8)  

Secondary 135 80 (59.3) 15 (11.1) *p=0.986 
Tertiary 41 25 (61.0) 5 (12.2) **p=0.156 
None 23 13 (56.5) 

 
6 (26.1) 
 

 

Occupation 

Civil servant 59 38 (64.4) 8 (13.6)  

Self employed 118 67 (56.8) 16 (13.6) *p=0.581 

Unemployed 84 47 (56.8) 14 (16.7) **p=0.530 

Retired 15 15 (53.3) 1 (6.7)  

Others 24 17 (70.8) 6 (25)  
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The result was analysed according to the possible risk factors that might be associated 

with Cryptosporidium, and the result is presented in Table 4.3. There was significant association 

���$2 = 9.614, df=4, p=0.047) between Cryptosporidium infection and water source. 

Cryptosporidium infection was higher (50%: 1/2) in those who drank unboiled river water. The 

parasite was not detected in the stool of patients who drank water from other sources such as 

packaged and bottled water.   

Prevalence of Cryptosporidium was higher (16.0%: 42/262) in patients who do not boil 

their drinking water than in those who boil their drinking water (7.9%: 3/38). However, there 

was no statistical significant difference in the �S�U�H�Y�D�O�H�Q�F�H���R�E�W�D�L�Q�H�G�����$2 = 1.723, df=1, p=0.189). 

Patients who defaecated in opened layouts had higher prevalence of Cryptosporidium 

infection (50.0%: 3/6) while those who used water cistern had lower prevalence (10.6%: 19/180). 

There was significant association ���$2 = 10.948, df=2, p=0.004) between Cryptosporidium 

infection and type of toilets used. 

Infection was more prevalent (22.7%: 10/44) among animal owners than non animal 

owners (13.7%: 35/256) although there was no significant association ���$2 = 2.415, df=1, 

p=0.120) in the prevalence.   

There was no significant association ���$2 = 0.27, df=1, p=0.869) between Cryptosporidium 

infection and swimming in polls. Prevalence was however higher (16.7%: 2/12) in swimmers 

than in non swimmers (14.9%: 43/288)  

There was no significant association ���$2 = .083, df=1 p=0.773) between the infection and 

overseas travel, however the parasite was detected with a higher prevalence in those that have 

never travelled (15.1%: 43/284) than those who had travelled overseas (12.5%: 2/16). 
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Table 4.3: Distribution of Cryptosporidium infection in relation to risk factors among 
                        HIV seropositive patients within Kaduna metropolis, Nigeria 

 
Possible Risk  
factor 

Total  
Number 

No positive  
*ELISA (%) 

No positive     
**Microscopy (%) 

P value 

Source of water 

Tap 202 119 (58.90) 25 (12.4)  

Well 93 56 (60.2) 19 (20.4) *p=0.217 

River 2 2 (100) 1 (50.0) **p=0.047 

Others 3 0 (0) 

 

0 (0) 

 

 

Boiling of water 

Yes 38 20 (52.6) 3 (7.9) *p=0.393 

No 262 157 (59.9) 

 

42 (16.0) 

 

**p=0.189 

Type of toilet     

Water cistern 180 97 (53.9) 19 (10.6) *p=0.061 

Pit latrine 114 75 (65.8) 23 (20.2) **p=0.004 

Open layout 6 5 (83.3) 

 

3 (50.0) 

 

 

Animal contact     

Yes 44 27 (61.4) 10 (22.7) *p=0.730 

No 256 150 (58.6) 

 

35 (13.7) 

 

**p=0.120 

Swimming     

Yes 12 5 (41.7) 2 (16.7) *p=0.213 

No 288 172 (59.7) 

 

43 (14.9) 

 

**p=0.869 

Overseas travel     

Yes 16 9 (56.3) 2 (12.5) *p=0.818 

No 284 168 (59.2) 43 (15.1) **p=0.773 
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The results and data from the questionnaire concerning the symptoms of 

Cryptosporidium infection were analysed and the results are presented in Table 4.4. The results, 

showed significant association ���$2 = 104.669, df=1, p=0.000) between Cryptosporidium infection 

and diarrhoea. Similarly, there was a significant association ���$2 = 117.073, df=4, p=0.000) 

between the duration of diarrhoea and Cryptosporidium infection. The prevalence was more 

(75.0%: 15/20) in those with diarrhoea that had lasted between 3-5 days however 

Cryptosporidium was not detected (0.0%)  in those with diarrhoea that had lasted for 2-4 weeks.  

Other symptoms associated with Cryptosporidium were fever, anorexia, nausea malaise 

and abdominal cramps. There was a highly significant association (p=0.000) between 

Cryptosporidium infection and these symptoms. The highest prevalence (60.0%: 3/5) was 

detected in those with anorexia and the lowest (7.7%: 1/13) in those with malaise, however there 

was no significant association.  
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Table 4.4:  Distribution of Cryptosporidium infection in relation to clinical symptoms 
among HIV seropositive patients within Kaduna metropolis, Nigeria  

 
Symptom Total No positive  

*ELISA (%)  
No positive  
**Microscopy  
(%) 

P value 

Diarrhoea     

Yes 59 45 (76.3) 34 (57.6)   *P=0.002 

No 241 132 (54.8) 

 

11 (4.6) 

 

  **p=0.000 

Duration of  

diarrhoea 

    

No diarrhoea 241 132 (54.8) 11 (4.6)  

1-2 days 31 24 (77.4) 15 (48.4) *p=0.05 

3-5 days 20 17 (85.0) 15 (75.0)       **p=0.000 

1 week 6 4 (66.7) 4 (66.7)  

2-4 weeks 2 0 (0) 

 

0 (0)  

Other symptoms     

NCR 187 107 (57.2) 15 (8.0)  

Fever 43 30 (69.8) 11 (25.6)         *p=0.459 

Abdominal cramp 40 22 (55.0) 11 (27.5)        **p=0.000 

Anorexia 5 4 (80.0) 3 (60.0)  

Nausea 12 8 (66.7) 4 (33.3)  

Malaise 13 6 (46.2) 

 

1 (7.7) 

        

 

 

 NCR=No Cryptosporidium related symptoms. 
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Two hundred and seven of the patients enrolled in the study were on highly active 

antirectroviral therapy. The result showed a significant association ���$�� = 4.327, df=1, p=0.038) 

between Cryptosporidium infection and patients on HAART. Patients on HAART had higher 

prevalence (17.9%: 37/207) than those not on HAART (8.6%: 8/93) (Table 4.5).    
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Table 4.5:  Prevalence of Cryptosporidium infection among HIV seropositive patients 
within Kaduna metropolis by their HAART status 

 
HAART  *ELISA     ** Microscopy     Total 
  Positive (%) Negative (%)   Positive (%) Negative (%)  
Yes   122 (58.9)  85 (41.1)  37 (17.9) 170 (77.70)   207 

No     55 (59.1)  38 (40.9)  8 (8.6)   85 (91.4)               93 

Total   177 (59.0) 123 (41.0) 45 (15.0) 255 (85.0)   300  

                       *  ���$2 = 001, df=1, p=0.974)   ** ���$�� = 4.327, df=1, p=0.038) 
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The result were analysed according to duration of HAART drugs. The result shows that 

HIV patients who were on drugs for less than 24 months, had the highest prevalence to 

Cryptosporidium infection (24.6%: 29/118) and zero prevalence was observed in those on drugs 

for more than 97-120 months. There was significant association ���$2 = 10.167, df=4, p=0.001) 

between the infection and the period of being on HAART (Figure 4.3).   
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Figure 4.3: Prevalence of Cryptosporidium infection among HIV seropositive patients within 
Kaduna metropolis in relation to duration on HAART. 
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 The result were analysed according to CD4+T-cell counts of HIV patients, there was a 

highly significant association ���$2 = 24.888, df=9, p=0.000) between Cryptosporidium infection 

and CD4+ count. Mean CD4+ count was 409.86 while the median was 382. Patients with CD4+ 

count between 101-200 had the highest prevalence of the infection by ELISA (75.9%: 22/29) and 

microscopy (51.7%: 15/29) while patients with CD4+ between 901-1000 had the lowest 

prevalence by ELISA (0.6%) and those with CD4+ >1000 were not infected with 

Cryptosporidium. (Table4.6). There was a decrease in infection as CD4+ count increase by 

microscopy method (Figure 4.4).  
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Table 4.6: Prevalence of Cryptosporidium infection among HIV seropositive patients in 
relation to CD4+

 T cell count. 
 
                     *ELISA                 **Microscopy    Total  
CD+4  Positive (%) Negative (%) positive (%) Negative (%)  
<200  38 (67.9) 18 (32.1) 25 (44.6) 31 (55.4)  56 (18.67) 

201-350 41 (61.1) 26 (38.9) 16 (23.9) 51 (76.1)  67 (22.33) 

351-500 49 (53.8) 32 (39.5) 3 (3.3)            78 (96.2)  81 (27.00) 

501-1000 45 (50.6) 44 (49.4) 1 (1.1)            88 (98.9)  89 (29.67) 

>1000   4 (57.1)  3 (42.9)  0 (0.0)   7 (100)             7 (23.33)  

Total  177 (59.0) 123 (41.0) 45 (15.0) 255 (85.0)  300 (100)  

                �
���$2 = 9.754, df=4, p=0.002)       �
�
���$2 = 24.888, df=4, p=0.000)     
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Figure 4.4: Prevalence of Cryptosporidium infection among HIV seropositive patients in relation   
to CD4+ count. 
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The sensitivity of microscopy using ELISA as the Gold standard was determined. Out of 

the 45 patients that were positive by Microscopy, 44 (True positive) were also positive by ELISA 

while 1 (False positive) was negative by ELISA. Sensitivity of microscopy was 24.9% and 

specificity was 91.2% (Table 4.7).  
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Table 4.7:  Determination of Sensitivity and Specificity of Microscopy using ELISA Test       

as a standard. 
 

Microscopy    ELISA      
    Positive Negative         Total     

Positive 44   1 45 

Negative 133  122  255         

                                      177  123  300 
 
Sensitivity = 24.9%                                             Specificity = 91.2% 
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CHAPTER FIVE 

5.0 DISCUSSION 

A prevalence of 15% was obtained for Cryptosporidium in this study to determine the 

prevalence of Cryptosporidium infection among HIV seropositive patients in Kaduna state 

during the period of October 2011 to January 2012. The prevalence of Cryptosporidium obtained 

in this study is similar to the15% prevalence reported in a study carried out in Venezuela (Certad 

et al.2005). The prevalence is also similar to earlier findings in Nigeria by Akujobi and Ogunsola 

(2005) who reported a prevalence of 18.7% among HIV patients with diarrhoea in Lagos.  In 

contrast, Nwokediuko et al. (2002) and Oyerinde et al. (1989) reported 0.0% prevalence of 

Cryptosporidium oocyst in similar studies carried out among HIV patients in Enugu and Lagos 

respectively. The reasons for these variations may be related to the fact that infections tend to 

vary from one locality to another and from one country to another depending on the level of 

associated risk factors. 

The results obtained by using the two methods varied, a higher prevalence of 

Cryptosporidium was obtained by ELISA (59%) than by microscopy (15%) indicating that 

ELISA detected more Cryptosporidium infection than microscopy. The result obtained in this 

study is similar to the findings of Elgun and Koltas (2011) in Turkey, in which prevalence was 

higher by ELISA (24.03%) than microscopy (5.19%). This may be due to microscopy being 

specific but less sensitive for the diagnosis of Cryptosporidium in faeces while ELISA has a 

higher sensitivity. Specificity of microscopy is due to the fact that the organism has to be intact 

before it can be seen while for ELISA it is the antigen that is being detected. Bialek et al., 2000, 

reported high sensitivity of ELISA as compared to microscopy.   



74 
 

Higher prevalence was seen in age group 16-25 years, however there was no significant 

difference. The result is similar to the findings of Ibrahim et al. (2007) in which a higher 

prevalence in age group 15-24 years was observed. This may be because incidence of HIV is 

highest between ages 15-35 years (Ungar, 2000). This is because people in this age bracket are 

the most sexually active. 

In this study, prevalence of Cryptosporidium was not significantly associated with gender 

although prevalence was higher in male than female. This finding agrees with that of Akujobi 

and Ogunsola (2005), Ikeh et al. (2006) and Akinbo et al. (2010) which showed higher 

prevalence of Cryptosporidium in male than female.  The result however contrasts the report of 

Ibrahim et al. (2007) in which prevalence of intestinal parasitosis was more in female than male. 

Ikechukwu et al. (2011) in a study on cryptosporidiosis in Imo state also reported that more 

female were infected than male. The finding in this study may be explained by the fact that more 

male are exposed to occupational hazards  such as rearing of animals and since it is a zoonotic 

infection it can be transmited to man and also female are more conscious of their personal 

hygiene than male most especially hand washing after defeacating. 

In relation to marital status, prevalence was not significantly associated (p>0.05) among 

the five groups. This is similar to the report of Ibrahim et al. (2007) which showed no significant 

association between intestinal parasitosis and marital status, this observation may be explained 

by the fact that all the groups are exposed to similar predisposing risk factors. 

With regards to educational status, the prevalence observed were similar (p>0.05). This is 

contrary to the findings of Akinbo et al. (2010) which showed that level of education 

significantly affected prevalence of intestinal parasitic infection. 
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There was no association between the infection and the type occupation of patients. This 

is in agreement with the findings of Ibrahim et al. (2007) in which there was no prevalence of 

intestinal parasitosis in relation to the occupational status of patients, but this findings contrast 

that of Assefa et al. (2009) who reported that prevalence of infection was associated with  

occupational status. This may be explained by the fact that only urban dwellers were used in this 

study, rural dwellers whose main occupation is farming were not part of the study.  

Patients whose source of drinking water was tap water had the lowest rate of infection, 

while those who drank from rivers had the highest. This agrees with the findings of Akinbo et al. 

(2010) and Egberongbe et al. (2010) and contrasts the report of Ikeh et al. (2006). A significant 

association existed between water source and Cryptosporidium infection. High rate of infection 

among those whose source of drinking water was river may be because cryptosporidiosis is a 

largely water borne infection and lot of activities like bathing, defecating, washing etc take place 

in the river thereby contaminating the water.  

Patients who boiled water before drinking had lower prevalence of infection than those 

who did not. This does not agree with the findings of Hunter et al. (2004), who found no 

association with drinking of unboiled water. Reasons for this finding may be due to the fact that 

boiling kills the oocyst of Cryptosporidium. 

In this study, there was significant association between the type of toilets used. Those 

who used open layout had the highest prevalence followed by those who used pit latrines. This 

finding is similar to that of Akinbo et al. (2010) and Egberongbe et al. (2010) who reported that 

defeating in nearby bushes resulted in significantly increase prevalence of infection. This may be 

because flies in this environment can be able to transmit the oocyst to food thereby infecting 

them when they consume such foods and since there is no water in this environment hand 
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washing is not regularly practiced therefore oocyst are transferred from  the hands to food or 

mouth.   

Patients who had farm animals had higher prevalence than those who did not, however 

there was no significant association between the infection and animal contact. This agrees with 

the findings of Hunter et al. (2004), who identified contact with cattle as a main risk factor of 

Cryptosporidium parvum infection. Morgan et al. (2000) also identified animal contact in 

patients infected with zoonotic isolates from Kenya, Switzerland and United states. The higher 

prevalence in this category is due to the fact that Cryptosporidium infection is a zoonotic disease 

and so can be contacted by contact with new born pets and animals with diarrhoea. 

In this study prevalence was higher in patients who swim than in those who do not swim 

in pools. However there was no significant association between swimming and prevalence of the 

infection. This does not agree with the findings of Hunter et al. (2004) in which swimming was 

not identified as a factor for Cryptosporidium infection. This finding may be because 

chlorination is not enough to kill the oocyst therefore infection can be contacted in swimming 

pools.  

For overseas travel, prevalence was higher in people who had never travelled overseas 

than those who had travelled. There was no significant association between prevalence of the 

infection and overseas travel.  This finding is in agreement with that of Aragon et al. (2003) but 

contrasts the report of Hunter et al. (2004). This finding may be because the patients in this study 

did not travel to endemic countries. 

Diarrhoea is a major symptom in cryptosporidiosis and findings in this study showed that 

cryptosporidiosis was significantly associated with diarrhoea. This is similar to reports of 

Banwat et al. (2003), Ajjampur et al. (2008), Gupta et al. (2008), and Egberongbe et al (2010) 
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who reported that there was high association between the infection and diarrhoea.  Reason for 

this may be because in HIV infection diarrhoea is a major sign of progression to AIDS. 

Regarding the duration of diarrhoea, patients with diarrhoea that lasted between 3-5 days 

had higher prevalence of Cryptosporidium by both methods. This may be because 

cryptosporidiosis causes a short self limited watery diarrhoea which can resolve as immune 

status recovers and most patients used in this study were on HAART which helps resolve 

immune status. 

The present study found a higher prevalence of cryptosporidiosis among patients who had 

anorexia, while those with malaise had the lowest.  There was a very high significant association 

between the infection and the clinical symptoms. 

Patients on HAART had higher prevalence than those not on HAART. There was 

significant association between Cryptosporidium infection and being on HAART. In regards to 

the period of being on HAART, there was significant association between Cryptosporidium 

infection and the period of being on HAART. Prevalence was higher in patients who were on 

HAART for <24 months. There was decrease in prevalence with increase in period of being on 

HAART. No Cryptosporidium infection was detected in patients who have been on HAART for 

97-120 months. This suggests that HAART reduces the prevalence of Cryptosporidium infection 

by boosting immunity.  

There was a very high significant association between Cryptosporidium infection and 

CD4+T-cell count. Prevalence was highest in patients with CD4+T-cell count <���������F�H�O�O���—�O�����7�K�L�V��

finding is similar to that of Assefa et al. (2009) and Gupta et al. (2008) which showed that the 

rate of parasitic infection decreases with increase in CD4+T-cell count. This finding indicates 
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that there is low opportunity for this parasite to get established as the patients CD4+T-cell count 

increases and confirms the fact that the organism is an opportunistic infection. 
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CHAPTER SIX 

6.0 CONCLUSION 

The study has shown a high prevalence of Cryptosporidium infection among HIV 

seropositive patients within the Kaduna metropolis and that ELISA technique is more sensitive 

than microscopy in detection of Cryptosporidium infection.   

An overall prevalence of 15% and 59% were obtained by use of microscopy and ELISA 

respectively. 

The source of water and type of toilet were the major risk factors associated with 

Cryptosporidium infection in this study. 

The study showed that CD4+ T-cell counts are inversely related with prevalence of 

Cryptosporidium amongst HIV positive patients, where HIV patients with high CD4+ T-cell 

counts had low prevalence of Cryptosporidium. 

The study also showed that HAART reduces the prevalence of Cryptosporidium 

infection. 

 
6.1 Recommendation 

 Since there is high prevalence of Cryptosporidium infection among HIV seropositive 

patients within Kaduna metropolis, diagnosis for Cryptosporidium should be incorporated as a 

routine laboratory test in follow up management of HIV/AIDS patients as this will help reduce 

the infection.  

 Although microscopy method is the most common method for diagnosis, it lacks 

sensitivity is low  therefore  ELISA method should be used in diagnosis for Cryptosporidium as 

this will  provide early and better diagnosis for early intervention . 
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  All HIV patients should be educated on how to prevent water borne infections. They 

should be encouraged to boil water before drinking and should also be enlightened on how to use 

different types of sanitary facilities, and the use of open layout should be discouraged. They 

should also be educated on the need to maintain personal hygiene most especially hand washing 

after contact with animal and human faeces and avoid contamination of food. 

 All HIV p atients CD4+ T-cell count should be frequently checked to ensure that it is still 

high and if low patients should be placed on HAART to help boost their immunity as this will be 

a major defense against the infection hence reducing the prevalence.  

More research should be carried out using different  diagnostic methods so as to ascertain 

the actual state of the infection to help in planning intervention program hence meeting the 

UNAIDS target of zero AIDS- related deaths. 

 
6.2 Limitations of Study 

 Microscopy method of diagnosis of Cryptosporidium is laborious, time consuming and 

requires high level of technical skill. 

 The Cryptosporidium oocyst can be missed by microscopy method if small quantity of it 

is excreted in stool hence small quantity per gram of stool or not at all in the gram that will be 

taken for diagnosis. 

In the ELISA method, a negative result can occur from an antigen level lower than the 

detection limits of the assay. 

 Lack of funds to compare all the available methods of diagnosis of Cryptosporidium to 

see which the best is and also to carry out molecular studies to know the predominant species 

among HIV positive patients. 
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APPENDIX II: Informed Consent  

 

 

 

INFORMED CONSENT FORM (ICF) 

Serial No.: …………. Hospital No.: …………………… Age: ……………..       Phone No.: ………..……………………… 

This Informed Consent Form is basically for males and females within the age group 16 – 65 years, who attend VCT center in 
Hospitals within Kaduna metropolis, Nigeria. We are inviting you to participate in this research work titled “Prevalence of 
Cryptosporidium infection and its correlation with CD4+ Count among HIV seropositive patients within Kaduna metropolis’’. It 
involves the collection of blood and stool samples of participants. The procedure involved will be fully explained to all 
participants. The results obtained thereby may be used in any way to improve the understanding and management of the disease in 
our community. All participants may be given copies of their test results. Individual data will be treated with strict confidentiality. 
Participation is strictly voluntary and refusal to participate in the research study will not in any way affect your right and benefit 
in this clinic/hospital.  

 CERTIFICATE OF CONSENT 
I ……………………………………………………….of ……………………………………………….. do hereby consent to 
participate in this study. The full procedures of the test/study have been explained to me by the investigator. I understand that  
sample of my blood and stool will be taken for test. I therefore give this consent voluntarily without being subjected to any 
pressure. 

Name of Participant …………………………………………………….… 

Signature/right thumb print of participant ……………………………….   Date ……………………. 

 

Statement by Witness: 

I have witnessed the accurate reading of the consent form and detail explanation of the study to the potential participant, and the 
individual has had the opportunity to ask questions. I confirm that the individual has given consent freely. 

 

Name of witness………………………………………………………… 

Signature of witness………………………………………………….….    Date ………………. 

Statement by the Researcher/Person Taking Consent 

I confirm that sufficient information, including about risks and benefits, to make an informed decision have been fully explained 
to the participant. The participant was given an opportunity to ask questions about the study, and all the questions asked by 
participant have been answered correctly and to the best of my ability. I confirm that the individual has not been coerced into 
giving consent, and the consent has been given freely and voluntarily.  

Name of Researcher ………………………………………………………. 

Signature …………………………………………………………………...   Date.  ……………… 

 
DEPARTMENT OF MICROBIOLOGY  

SCHOOL OF POSTGRADUATE STUDIES  
AHMADU BELLO UNIVERSITY, ZARIA,  NIGERIA .  
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APPENDIX I II: Questionnaire 

QUESTIONAIRE 

SECTION A: BIODATA 

1. Serial no.:____________ 

2. Residential address ______________________________________________ 

3. Age:   16 – 25 [  ] 26 – 35 [   ] 36 – 45 [   ]   46 – 55 [   ] 56 – 65 [   ] 

4. Sex: Male [   ] Female [   ] 

5. Marital status: Single [   ]   Married [   ]    Divorced [   ]   Separated [   ]  Widowed [  ] 

6. Educational status: Primary [   ] Secondary [   ] Tertiary [   ] Others [   ] 

7. Occupation: Civil servant [   ] Self employed [   ] Unemployed [   ] Retired [   ]    Others [   ] 

SECTION B: MEDICAL INFORMATION 

8. Source of water supply: Tap water [   ]  Well  [   ]  River [   ]  Streams [   ]   

 9. Do you boil water before drinking?  Yes [   ] No [   ] 

10. Types of toilet used.  Water cistern [   ] Pit latrine [   ] Open layout [   ] Others [   ]  

11. Any case of diarrhoea? Yes [   ] No [   ] 

12. Duration of diarrhoea:  1 – 2 days [   ] 3 – 5 days [   ] 1 week [   ] 2 – 4 weeks [   ]    

13. Do you have any contact with farm animals?  Yes [   ] No [   ] 

14. Do you experience any of these? Fever [   ] abdominal cramp [   ] 

       Anorexia [   ]   Nausea [   ]   Malaise [   ]    

15. Do you swim in the swimming pool? Yes [   ] No [   ] 

16. Have you travelled out of the country before?  Yes [   ] No [   ] 

17. How often do you travel? 

18. Dehydration Status               Dehydrated [   ]            Not dehydrated [   ] 

19. Are you on anterectroviral drugs?     Yes [   ]      No [   ] 

20. How long? 
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APPENDIX IV ELISA Report 

Analysis Report 
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