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IMMUNOLOGICAL RESPONSES OF HIV SERO -POSITIVE INDIVIDUALS WITH 

AND WITHOUT TUBERCULOSIS, CANDIDIASIS AND SOME SELECTED 

OPPORTUNISTIC INTESTINAL PARASITIC DISEASES IN BUTAJIRA GENERAL 

HOSPITAL, GURAGE ZONE, SOUTHERN ETHIOPIA  

 

ABSTRACT 

Human immunodeficiency virus (HIV) pandemic is among the greatest health crises ever faced by 

humanity. Morbidity and mortality in HIV disease is due to immune suppression leading to life-

threatening opportunistic infections (OIs) during the natural course of the disease. However, 

information available on the effect OIs and coinfections on the immunological responses of HIV 

sero-positive individuals is limited. This study was aimed at describing the immunological 

responses of HIV sero-positive individuals with and without tuberculosis, candidiasis and some 

selected opportunistic intestinal parasitic diseases in Butajira General Hospital. A cross sectional 

survey involving 384 study participants who were selected using serial sampling method was 

conducted from March ï June 2014 to determine the prevalence of OIs and to correlate CD4
+
T-

cell counts with the prevalence of OIs among HIV-infected individuals. Clinical observation, 

laboratory and microbiological analysis were used for identification of the infections in the 

patients. Socio-demographic and clinical data of the patients were collected using questionnaire. 

For the diagnosis of the selected opportunistic infections, laboratory examination techniques such 

as direct wet mount technique, concentration technique, modified Ziehl-Neelsen method, sputum 

smear microscopy, and KOH test were used. CD4
+ 

T-cell counts of participants were determined 

using flow cytometry technique. Analysis of the results was done using SPSS version 20 statistical 

software and Spearman coefficient of correlation, chi-square and odds ratio were used as the 

measure of association. P-value less than 0.05 was considered statistically significant for all test. 

Out of 384 HIV sero-positive individuals involved in this research 206(53.6%) were females and 

178(46.4%) were males. The mean age of the study group was 34.11+ 10.09 standard deviation 

and the range was 61-13 years. From the total studied HIV sero-positive individuals, 202 (99 

Male and 103 Female) did not start ART services and the remains 182 (79 Male and 103 Female) 

had started receiving ART services. The prevalence of cryptosporidiosis, isosporidiasis, 

microsporidiosis, tuberculosis, oral candidiaisis; and tuberculosis and oral candidiaisis together 

among the patients were 16(4.2%), 19(4.9%), 4(1.0%), 80(20.8%) 73(19.0%) and 81(21.1%), 

respectively. In this study, TB and oral candidiasis was observed in HIV sero-positive 

participants even in the individuals who had a higher CD4
+
T-cell count of 350 cells /mm

3
. In all 

age groups, the mean CD4
+
T-cell counts of the studied HIV sero-positive individuals who had and 

had not started ART services had been much more greater (P < 0.05) than the mean CD4
+
T-cell 

counts of those HIV sero-positive individuals who had the opportunistic bacterial, fungal and 

parasitic diseases. Overall, the prevalence of the opportunistic diseases was significantly (P < 

0.05) associated with the immune suppression (with respect to CD4
+
T-cell decline) of the patients. 

Thus, opportunistic diseases such as cryptosporidiosis, isosporidiasis, microsporidiosis, 

tuberculosis and oral candidiaisis play a role in the immune suppression of patients. Therefore, 

interventions need to be designed to promote early HIV testing; early testing of any opportunistic 

infections in the patient and early enrollment of HIV infected individuals with and without any 

opportunistic infections into ART services. Initiation of ART before the CD4
+
T-cell count drops 

below 350 should be encouraged.  

 

Keywords: CD4
+ 
T-cell, HIV/AIDS, Immunological Response, Opportunistic Infections 
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1. INTRODUCTION  
 

Two types of human immunodeficiency viruses (HIV-1 and HIV-2) are responsible for the 

Acquired Immuno-Deficiency Syndrome (AIDS). Both types of HIV are transmitted through 

unprotected sexual intercourse, transfusion of contaminated blood, sharing of contaminated 

needles and from infected mother to an infant during pregnancy, childbirth and breastfeeding 

(Seoane et al., 2008).  

 

The unique feature in the pathogenesis of HIV/AIDS is that the primary target cell for HIV is 

immune cells bearing CD4
+
 marker at their surface. With the infection of HIV, there will be 

gradual decrease of human immune cells bearing CD4
+
 antigen receptor, the most important being 

T helper cells (CD4
+

 T-cells ), B lymphocytes, macrophage and natural killer cells leading to 

development of wide varieties of opportunistic infections (OIs) i.e. severe infections induced by 

agents that rarely cause serious diseases in immune competent individuals. In this way AIDS 

related mortality and morbidity, which are significantly higher in number as compared to other 

diseases, are actually due to OIs rather than HIV itself. As more and more CD4
+
 T-lymphocytes 

become damaged, the immune system becomes more and more weakened (Madigan et al., 2006). 

It is strongly believed that the higher the number of CD4
+
 T-lymphocytes in the system, the active 

and more robust is the immunological responses of the system (Mermine et al., 2006). However, as 

the HIV infection progressively weakens the personôs immune system, the person becomes more 

susceptible to opportunistic infections and the individual can develop clinical signs and symptoms 

such as oral thrush, cough and diarrhea (Reynold, 2006). 

 

Although HIV is the causative agent in AIDS, most of the morbidity and mortality seen in AIDS 

patients results from opportunistic infections, which take advantage of declined cell-mediated and 

humoral defense mechanisms (Smith, 2006). The progressive decline in immunological and 

mucosal defensive mechanisms predisposes HIV positive individuals to gastrointestinal infections 

thus increasing susceptibility to a number of opportunistic pathogens, among which protozoan 

particularly microsporidian parasites and coccidian parasites like Cryptosporidium sp., Isospora 

sp. and some bacterial (tuberculosis) and fungal (candidiasis) diseases are being frequently 

detected (Mohandas et al., 2002). After the emergence of AIDS, opportunistic parasites were no 

longer considered commensal organisms, and they currently are recognized as common 
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opportunistic pathogens affecting HIV infected patients, constituting major secondary aggravating 

factors of the diseases (Hayleyesus and Beyene, 2009). In immunocompetent individuals, infection 

with one of the above mentioned parasites is usually self limiting but in immunocompromised 

hosts, particularly AIDS patients with CD4
+
 T-cell counts below 200 cells/mm

3
 of blood 

opportunistic parasites can be life-threatening and must be treated properly and in due time (Baqai 

et al., 2005).  

 

Opportunistic diseases such as cryptosporidiosis, isosporiasis, microsporidiosis, tuberculosis and 

candidiasis continue to cause morbidity and mortality in patients with HIV infection throughout 

the world, with more incidence in developing countries where access to care and treatment is 

limited (Benson et al., 2004). Like in many other developing countries, in Ethiopia also those 

opportunistic diseases are common among AIDS patients and cause significant morbidity and 

mortality (MOH, 2002). Available evidence indicated that the epidemiology of these diseases, by 

and large, parallels that of HIV/AIDS in Ethiopia. Most of them are prevalent as co-infections in 

patients with HIV/AIDS and occur with increasing frequency in patients with severe immune-

suppression. Although no longitudinal studies exist which show the nature of association between 

HIV/AIDS and prevalent coinfections in Ethiopia, reports from different cross-sectional studies 

suggested that each may affect the natural and clinical course of the others (Berhane et al., 2006). 

 

A healthy uninfected person usually has 800-1200 CD4
+
 T-cells/mm

3
 of blood. However, in 

untreated HIV sero positive individuals the number of CD4
+
 T-cells declines. When they fall to 

200 cells/mm
3 

of blood the person becomes particularly vulnerable to opportunistic diseases such 

as cryptosporidiosis, isosporiasis, microsporidiosis, tuberculosis and candidiasis. When immune 

system is severely suppressed in this manner the opportunistic diseases can be fatal, usually 

resulting in death in less than 2 years, unless the patient receives specific therapy for HIV infection 

(Avert, 2005a).  

 

The depletion of CD4
+
 T-lymphocytes which result from the proliferation of HIV causes the 

immune system to become severely compromised and the usually benign infectious agents become 

pathogenic (Cheesbrough, 2000). It is known that the CD4
+ 

T-cells (T-helper cells) play a major 
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role in the immune response, signaling other cells in the immune system to perform their specific 

functions (Avert, 2005a). 

In humans, the failure of HIV-infected individuals to successfully limit the progression of 

tuberculosis indicates that a similar requirement for antigen-specific immunity exists. Many 

individuals are exposed to Mycobacterium tuberculosis and likely harbor this bacterium 

throughout their lives, but fail to develop any sign of disease (Dye, 2006). Their exposure is 

deduced from the fact that they express an antigen-specific response to M. tuberculosis antigens 

and the fact that these responses are extremely long lived. These exposed individuals do not have 

disease but could be considered to be chronic hosts of this pathogen (Dye, 2006). 

 

A dramatic reduction in the incidence of OI among HIV-positive people who have received 

antiretroviral therapy has been observed since introduction of the therapy (ART). Even if ART 

drugs are available, they do not entirely remove the need for preventing and treating OIs. Because 

of poor adherence, drug resistance or other factors measures to prevent and treat OIs become 

essential if ART stops working. However, providing prevention and treatment of OIs is of utmost 

importance to these people as it does not only help HIV-positive persons to live longer, healthier 

lives, but it can also help to prevent tuberculosis (TB) and other transmissible OIs from spreading 

to others. At present, the absolute CD4
+
 T-lymphocyte counts determine the initiation of primary 

prophylactic therapies for OIs, which is an excellent predictor of the short-term overall risk of 

developing AIDS among HIV-infected patients (Stein et al., 1992). The cause of the chronic 

immune activation and subsequent immunopathogenesis in HIV infected patients is unsettled. 

Whether or not immunopathogenesis is mainly caused by the virus or the immune response to the 

virus has been the object of a long scientific debate. While some have focused on the virus and its 

direct cytopathicity by claiming ñitôs the virus stupidò (Cohen, 1993), others counterclaimed, ñitôs 

the immune system, stupidò (Smith, 2006). Despite low CD4
+
 T- lymphocyte counts, no evidence 

was found for a faster progression to AIDS among Ethiopians (Mekonnen et al., 2005).  

 

The reasons for the more rapid progression of HIV infection to AIDS in most developing countries 

are not at all clear. For this, the researcher has set a hypothesis that a major factor accounting for a 

faster progression of HIV infection to AIDS of HIV infected person was due to immune activation 

of the host caused by opportunistic infections. These, could make the host more susceptible to HIV 
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infection and replication and less able to cope with it once infected. The progressive CD4
+
 T-cell 

decline in HIV-infected Ethiopians may be explained by higher levels of immune activation and 

due to the effects of OIs other than the HIV infection itself. Since the prevalence of opportunistic 

diseases and its association with the immune status (with regard to CD4
+
 T-cell count) of HIV 

sero-positive individuals had not been studied in the present study area, the researcher believes that 

this study would be vital in understanding the extent of occurrence of tuberculosis, candidiasis and 

some selected opportunistic intestinal parasitic diseases and the immunological responses with and 

without the opportunistic diseases, before and after ART, among HIV sero-positive persons 

attending in Butajira General Hospital. Therefore, the purpose of the present study was to 

determine the prevalence of tuberculosis, candidiasis and some selected opportunistic intestinal 

parasitic diseases associated with HIV sero-positive individuals before and after ART as well as to 

determine the immune status of such individuals using CD4
+
 T-cell counts in Butajira General 

Hospital (BZH). 

 

The General Objective was:  

 

The main objective of this study was to determine the immunological responses (CD4
+
 T-cell 

counts) of HIV sero-positive individuals with and without tuberculosis, candidiasis and some 

selected opportunistic intestinal parasitic diseases before and after the patients receives ART at 

Butajira General Hospital (BGH), Gurage Zone, Southern Ethiopia. 

 

The specific objectives were: 

 

1. To determine the prevalence of tuberculosis, candidiasis and some selected 

opportunistic intestinal parasitic diseases among HIV sero-positive individuals 

attending Butajira General Hospital. 

2. To determine the CD4
+
 T-cell counts of HIV sero-positive individuals with and 

without tuberculosis, candidiasis and some selected opportunistic intestinal parasitic 

diseases, before and after ART therapy at Butajira General Hospital. 

3. To determine the association between the prevalence of tuberculosis, candidiasis and 

some selected opportunistic intestinal parasitic diseases and CD4
+
 T-cell counts of the 

study participants. 
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2. LITERATURE REVIEW  
 

2.1. Human Immunodeficiency Virus (HIV) Infections  

 

Human immunodeficiency Virus (HIV), the agent that causes Acquired Immune Deficiency 

Syndrome (AIDS), is classified as members of the lentivirus subfamily of retroviruses. It is 

isolated in 1983. There are two main types of HIV: HIV type 1(HIV-1) and HIV type 

2(HIV-2). HIV type 1(HIV-1) is the most prevalent throughout the world. And, HIV type 

2(HIV-2) is prevalent in West Africa. They both cause ADIS and the routes of transmission 

are the same. However, HIV-2 causes AIDS much more slowly than HIV-1 (Seoane et al., 

2008). It is a disease that reduces progressively the effectiveness of the immune system and 

leaves the patient susceptible to opportunistic diseases (Weiss, 1993). Two types of human 

immunodeficiency virus (HIV-1 and HIV-2) are responsible for the Acquired Immuno-

Deficiency Syndrome (AIDS). 

 

HIV infections first reported in Ethiopia from hospital sources in 1984 have exploded into a 

major epidemic with features similar to that elsewhere in Eastern Africa: HIV-1 subtype C is 

the major strain of the virus in Ethiopia (MOH, 2004). At present, HIV epidemic is highly 

distributed throughout the country affecting the population severely (Mekonnen, 2003). The 

prevalence of HIV-1 epidemic in Ethiopia is approximately 4.4% (with lowest prevalence 

2.8% to highest prevalence 6.7%) in the adult urban population (UNAIDS/UNICEF/WHO, 

2004).  

 

In 2000 and 2001, various studies estimated that HIV infection in Ethiopia range from 2.1 to 

3.0 million people. An estimated 117,000 to 208,000 people in the age range 15 to 49 died 

of AIDS in 2001 alone (UNAIDS, 2002). However, these are crude estimates and the 

incidence of HIV infections and AIDS cases apparently continue to rise rapidly (Kloos et 

al., 2003). Recent information indicated that 1.5 to 2 million people are living with HIV 

infection (UNAIDS/UNICEF/WHO, 2004). HIV/AIDS is now a major cause of mortality in 

the age group of 15-49 years old, affecting the most productive and reproductive group of 

the society (UNAIDS 2011). 
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The following series of pictures show how the prevalence of HIV changed with time and 

location: 

 

 

 

 Figure 1. Spread of HIV in Africa, 1990-2005.  

(Source: UNAIDS, 2006)  
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The type of immune cells attacked by HIV is known as cluster determinant 4 (CD4
+
) 

lymphocytes. A person infected with HIV may look and feel well for many years and may 

not know that he or she is infected. Such a person, at this stage, can be said to be sero-

positive; but as the personôs immune system weakens, he or she becomes increasingly 

vulnerable to illnesses, thereby paving the way for a more complicated health condition 

described as Acquired Immune Deficiency Syndrome (AIDS). The only way for someone to 

know his or her HIV status is to go to the hospital or health centre for a blood test. If a 

patient has no symptoms and his CD4
+
 T-cells count is greater than 350 cells/ mm

3
 and viral 

load is less than 100,000, therapy is not recommended. If the CD4
+
 T-cells count is between 

200 and 350 cells/ mm
3
 and the person has no symptoms, he and his doctor should decide 

whether to start treatment. If the CD4
+
 T-cells count is less than 200 cells/ mm

3
, it is 

recommended to start treatment. If the patient has severe symptoms or he/she has an AIDS-

defining condition, it is recommended that he/she begins treatment (Kallings, 2008).  

 

Fundamental in understanding AIDS related opportunistic infections is the appreciation of 

the relationship between the levels of underlying immune dysfunction as measured clinically 

by the CD4
+
 T-cells count drops below 250 to 200 cells/ mm

3
. The main target of the HIV 

appears to be the CD4
+
 T-cells population. A progressive reduction in the number and 

function of the CD4
+
 T-cells population is one of the most striking and consistent 

immunological features of HIV-related disorders (Taylor et al., 1989). The CD4
+
 T-cells 

count is an important investigation in the clinical evaluation of any patient with HIV 

infection, as it helps to decide the stage of HIV infection. It also assists in differential 

diagnosis and in making therapeutic decisions regarding antiretroviral treatment and 

prophylaxis against opportunistic infections (Quinn, 1997). A partial list of the worldôs 

common HIV related opportunistic infections and diseases include: cryptosporidiosis, 

isosporiasis, microsporidiosis, tuberculosis, oral candidiasis (Davidson, 2002). For HIV 

sero-positive patients with those opportunistic diseases taking antiretroviral treatment is not 

a cure but its target is to keep the amount of HIV in the body at a low level. 
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2.2. Immunology of HIV infections 

 

The hallmark of HIV pathogenesis is immune dysfunction due to depletion of CD4
+
 T-cell 

count. Many types of cells express CD4
+
 receptors under different conditions and are 

susceptible to HIV infection, including cells of the mononuclear phagocyte linage 

(principally blood monocytes and tissue macrophage), T-lymphocytes, natural killers cells, 

dendritic cells (langerhans cells and follicular dendretic cells in lymph nodes), hematopiotic 

stem cells, endothelial cells, microglial cells in the brain and gastrointestinal epithelial cells. 

CD4
+
 T-cells, the primary targets of HIV may become infected as they encounter HIV 

trapped on follicular dendretic cells (FDC) which is considered as a significant reservoir of 

infectious HIV (Fauci and Lane, 2001). 

 

Three major mechanisms of CD4
+
 T-lymphocyte killing by HIV have been suggested: direct 

virus-mediated cytolysis, virus-induced apoptosis, and indirect killing through immune 

effecter mechanisms. Direct virus-mediated cytolysis has been demonstrated in vitro and 

syncytium formation may accelerate the catalytic process. Here infected cells are killed 

because of viral replication in these cells, disrupting the cell membrane (Fauci and Lane, 

2001). The turnover rate of CD4
+
 T-lymphocytes is correspondingly turbulent. Each day in 

an infected patient, up to 10
9
 new virions are made and about 10

9
 CD4

+
 T-lymphocytes are 

killed and replaced (Hu et al., 1996). Recent data shows that the destruction of billions of 

CD4
+
 T-cells overwhelms the immune systems regenerative capacity. Loss of CD4

+
 T-cells 

results in a loss of recognition of antigens that are presented on class II MHC molecules. 

With gradual decrease of CD4
+
 T-cells, Th1 function is damaged with loss of cell-mediated 

immune functions and Th2 functions are impaired with gradual loss of humoral 

responsiveness to newly presented foreign antigens (Reynold et al., 2006). 

 

Syncytia formation gives chance for the spread of HIV from cell to cell which result in the 

death of uninfected cells. CD4
+
 T-lymphocytes from infected patients undergo apoptotic 

death when HIV proteins, probably leading to their suicide, distort cellular regulation. 

Apoptosis perhaps reflects the high rate of ongoing immune activation in HIV-infected 

persons. Immune destruction of infected cells may not likely to be a central mechanism of 

CD4
+
 T-lymphocyte depletion: because sometimes persons with weak immune responses 
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show more rapid depletion and more rapid clinical disease progression (Reynold, 2006). The 

model, which is currently supported, stated that a concerted effect of the different 

mechanisms is responsible for the depletion of CD4
+
 T-cells in HIV infection (McCune, 

2001). 

 

2.3. CD4
+
 T-Cells as Markers of Immune Status in HIV/AIDS Patients 

 

CD4
+
 T-cells are most important in the protective response against pathogens. Maurine 

studies with antibody depletion of CD4
+
 T-cells or the use of gene-disrupted mice have 

shown that the CD4
+
 T-cell is required for control of infection (Muller et al., 1987). In 

humans, the remarkable susceptibility of patients with HIV /AIDS has demonstrated the 

critical role of CD4
+
 T-lymphocytes in protective immunity.  

 

The main function of CD4
+
 T-cell is the production of cytokines including IFN-ɔ, which 

activates macrophages and promotes bacterial destruction. Recently, another function has 

been ascribed to these cells, i.e., helping to develop the CD8
+
 T-cells mediated response 

(Serbina et al., 2001). In the same way, CD4
+
 T-cells may participate in the induction of 

apoptosis of infected cells and the subsequent reduction of bacterial viability through the 

CD95 Fas ligand system (Oddo et al., 1998). In addition, CD4
+
 T-cells might prevent 

reactivation of latent tuberculosis. This role could be associated with their function in 

maintaining organized granulomatous structure. Depletion of CD4
+
 T-cells from the 

chronically infected mice could result in the loss of structural integrity of the tuberculous 

granuloma thus leading to TB reactivation (Scanga et al., 2000). 

 

The pathogenesis of HIV infection is largely attributable to the decrease in the number of T 

cells (a specific type of lymphocytes) that bear the CD4
+ 

receptor (CD4
+
). The immune status 

of a child or adult living with HIV can be assessed by measuring the absolute number (per 

mm
3
) or percentage of CD4

+
 T-cells, and this is regarded as the standard way to assess and 

characterize the severity of HIV-related immunodeficiency. Progressive depletion of CD4
+ 

T-cells is associated with progression of HIV disease and an increased likelihood of 

opportunistic infections and other clinical events associated with HIV, including wasting 

and death (Vajpayee et al., 2005). 
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In areas with adequate resources, laboratory measurements of CD4
+
 T-cells and plasma HIV 

viral load are commonly used to establish a patientôs degree of immunosuppression and the 

rate of destruction of the immune system (Simon et al., 2006). These tools are used to 

ascertain a patientôs eligibility for treatment and to monitor disease progression. With 

insufficient resources to test CD4
+
 T-cell counts and plasma HIV viral load in many 

resource-limited settings, including many of the regions hardest hit by the HIV/AIDS 

epidemic, clinicians must rely on clinical parameters when assessing a patientôs disease 

status. The World Health Organization (WHO) has developed case definitions for HIV 

surveillance and clinical staging and immunological classification of HIV-related disease in 

adults and children. This system uses standardized clinical parameters to direct medical 

decision making for patients with HIV/AIDS and can be used based solely on patient 

clinical features, thus accommodating facilities with no or limited access to laboratory 

testing (WHO, 2005). The WHO Clinical Staging system has been shown to be a practical 

and accurate way to manage HIV-infected patients, with international studies showing 

agreement between clinical manifestations included in the WHO staging system and 

laboratory markers including CD4
+
 T-cells count and total lymphocyte count (Lynen et al., 

2006; Kagaayi et al., 2007). 

 

With the progression of the HIV/AIDS epidemic, consideration of the entire spectrum of 

infection is necessary. Several discrete clinical phases can be recognized along the 

continuum, and they correlate with the degree of immunodeficiency that arises with 

progression of HIV infection. Early identification and treatment is crucial to reduce 

transmission of the virus, but many people remain unaware of their HIV status during the 

crucial early months of infection when transmission risk is high, secondary to elevated 

levels of viremia (Simon et al., 2006). Monitoring systems that do not rely on laboratory 

techniques are also needed in resource-limited settings to monitor the increasing numbers of 

patients on antiretroviral medications (Colebunders et al., 2006). The WHO (2005) clinical 

staging system for adults sorts patients into one of four hierarchical clinical stages ranging 

from stage 1 (asymptomatic) to stage 4 (AIDS). Patients are assigned to a particular stage 

when they demonstrate at least one clinical condition in that stageôs criteria. Patients remain 
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at a higher stage after they recover from the clinical condition which placed them in that 

stage (Kagaayi et al., 2007). 

 

Stage 1. Patients who are asymptomatic or have persistent generalized lymphadenopathy 

(lymphadenopathy of at least two sites [not including inguinal] for longer than 6 months) are 

categorized as being in stage 1, where they may remain for several years (WHO, 2005) 

 

 Stage 2. Even in early HIV infection, patients may demonstrate several clinical 

manifestations. Clinical findings included in stage 2 (mildly symptomatic stage) are 

unexplained weight loss of less than 10 percent of total body weight and recurrent 

respiratory infections (such as sinusitis, bronchitis and pharyngitis), as well as a range of 

dermatological conditions including recurrent oral ulcerations (WHO, 2005). 

 

Stage. 3. As disease progresses additional clinical manifestations may appear. Those 

encompassed by the WHO clinical stage 3 (the moderately symptomatic stage) category are 

weight loss of greater than 10 percent of total body weight, prolonged (more than 1 month) 

unexplained diarrhea, pulmonary tuberculosis, recurrent oral candidiasis, (WHO, 2005). 

 

Stage. 4. The WHO clinical stage 4 (the severely symptomatic stage) designation includes 

all of the AIDS-defining illnesses. Clinical manifestations for stage 4 disease that allow 

presumptive diagnosis of AIDS to be made based on clinical findings alone are HIV wasting 

syndrome, extrapulmonary tuberculosis, esophageal candidiasis, (WHO, 2005). Other 

conditions that should arouse suspicion that a patient is in clinical stage include 

cryptosporidiosis, isosporiasis, disseminated non-tuberculous mycobacteria infection, 

tracheal, bronchialor pulmonary candida infection (WHO, 2005). Presence of these 

conditions unaccompanied by the AIDS-defining illnesses, however, should prompt 

confirmatory testing. These categories apply to adults and adolescents 15 years-of-age and 

older. A modified version of the WHO clinical staging system is available for infants and 

children under 15 (WHO, 2005). 

 

Like CD4
+
 T-cell counts and viral load testing, recognition of these clinical findings included 

in the WHO system is an important method for identifying HIV-infected individuals at high 
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risk for morbidity and mortality. Remaining aware of the natural course of HIV infection 

allows one to base management decisions on the patientôs clinical presentation. According to  

WHO (2005), advanced HIV/AIDS disease is defined for surveillance purposes as any 

clinical stage-3 or stage-4 disease or any clinical stage with a CD4
+
 T-cells count less than 

350 per cubic mm, and this information can be used to calculate the burden of disease and 

the demand for antiretroviral therapy (WHO, 2005). Strong evidence supports the clinical 

benefit of antiretroviral medications for adults with advanced HIV/AIDS as determined 

clinically or immunologically, with the WHO recommending definitive initiation of 

antiretroviral therapy in adults and adolescents in clinical stage 4, consideration of therapy 

initiation for those in clinical stage 3, and antiretroviral use for those in clinical stage 1 or 2 

only if the CD4
+
 T-cells count is less than 200 per cubic mm (WHO, 2005). For patients 

taking antiretroviral therapy for more than 24 weeks, new or recurrent clinical staging events 

can be a guide to decision-making. Prior to 24 weeks of antiretroviral treatment, clinical 

events are largely influenced by immune reconstitution or treatment toxicity and may not 

accurately reflect immune deterioration (WHO, 2007). World health organization guideline 

report that the appearance of new or recurrent WHO clinical stage 3 and 4 conditions 

beyond 24 weeks after initiation of therapy suggests treatment failure (Colebunders et al., 

2006). The HIV/AIDS epidemic clearly has broad and significant implications for 

individuals living around the globe. Populations in developing nations are especially hard-

hit by HIV infection and, at the same time, frequently lack access to technological advances 

and other resources for diagnosing and managing care. Screening strategies, such as the 

WHO clinical staging system, allow for efficient identification of early infection and 

aggressive management when clinicians are equipped with the knowledge to apply them, 

and can therefore be useful tools for improving access to and implementation of care (WHO, 

2007). 
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2.4. HIV attacks the Immune System via the CD4
+
 T-Cell 

 

HIV attacks the immune system by targeting the heart of the immune system, the CD4
+
 T-

cells, which are the conductors of the immune system. When a pathogen is introduced into 

the body as either a virus or a bacterium, it is first recognized by CD4
+
 T-cells. The CD4

+
 T-

cells are responsible for coordinating each of the host immune defenses, namely, the killer 

cells, the antibodies and the phagocytes that will eliminate the pathogens (Autran and 

Katlama, 2000). However, if the CD4
+
 T-cells are destroyed, the immune defenses that 

remain become less functional and are unable to eliminate the pathogens and the latter can 

proliferate to cause disease (Autran and Katlama, 2000). In the body, HIV is replicating in 

its niche, which is the memory, CD4
+
 T-cells, the cells that are very actively mobilized 

against the most current infections. Each time a memory CD4
+
 T-cell is infected by HIV and 

each time HIV is replicating memory CD4
+
 T-cell, which dies and ultimately undergoes the 

process of elimination. In the healthy young adult or at the beginning of the HIV infection, 

these dying memory CD4
+
 T-cells are replaced by a constant source or a reservoir of native 

CD4
+
 T-cells originating from the thymus. It is reported that during the course of HIV 

infection, about 1 billion HIV particles are produced per day, resulting in increasing 

numbers of infected CD4
+
 T-cells. The infection spreads in the memory cells, in the native 

CD4
+
 T-cells in thymus, the source is therefore progressively exhausted surpassing the 

capacity to produce new CD4
+
 T-cells (Autran and Katlama, 2000). It has been shown that 

progressive loss of CD4
+
 T-cells is the cardinal manifestation of the effects of HIV infection.  

 

The CD4
+
 T-cells count can therefore serve as a useful indicator of severity of the infection, 

providing both a convenient measure of immunological status and giving some indication of 

the risk of opportunistic infection particularly in individuals who have already begun to 

show a substantial CD4
+
 T-cell decline. The CD4

+
 T-cell count indeed has considerable 

importance in some systems used to stage HIV infection and by implication the guidance of 

treatment decisions. It is particularly important in determining whether it is appropriate to 

initiate prophylactic therapy for opportunistic infections (Hughes et al., 1997). The 

significance of the destruction of CD4
+
 T-cells in an HIV infected person becomes evident 

when there functions are considered. 
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2.5. CD4
+
 T-Cell Depletion and Turnover 

 

HIV-infection is characterized by chronic CD4
+
 T-cell activation. There is accumulating 

evidence that high levels of immune activation in HIV infection are detrimental. A 

prospective cohort study found increased levels of CD4
+
 T-cell activation or division to be 

independent predictors of progression to AIDS (Hazenberg et al., 2003). Even signs of an 

activated immune system prior to HIV infection turned out to be related to an increased risk 

of development of AIDS (Hazenberg et al., 2003) or rapid CD4
+
 T-cell depletion (Van et al., 

2004) after HIV-1 seroconversion.  

 

Despite low CD4
+
 T-cell counts, no evidence was found for a faster progression to AIDS 

among Ethiopians (Mekonnen et al., 2005). The slower CD4
+
 T-cell decline in HIV-infected 

Ethiopians may be explained by lower levels of immune activation.  

 

Because high HIV viral loads often concur with high levels of immune activation, a small 

group of typical long-term asymptomatic HIV-infected individuals (LTA) with high viral 

loads was studied. HIV-1 isolates from these LTA turned out to be as pathogenic as viruses  

from HIV-infected patients with normal rates of disease progression, but these LTA had 

lower levels of activated T-cells than normal progressors (Choudhary et al., 2007) 

suggesting that the lack of immune activation prevented disease progression. In analogy, in a 

group of patients who initially responded well to HAART, but subsequently experienced 

increases in viral load, maintenance of CD4
+
 T-cells was associated with low levels of 

immune activation (Hazenberg et al., 2002). Collectively, these data support the hypothesis 

that persistent hyper-activation of the immune system during HIV infection causes erosion 

of the naïve T-cell pool resulting in CD4
+
 T-cell depletion. Because of the correlation 

between CD4
+
 T-cell depletion and CD4

+
 T-cell division, it has alternatively been proposed 

that increased T-cell production in HIV infection could reflect a homeostatic response to the 

progressive loss of CD4
+
 T-cells. Using in vivo 2H2O labeling, it was shown that newly 

produced naive CD4
+
 T-cells in HIV-infected individuals are preferentially lost from the 

naïve T-cell pool. Even in the memory T-cell compartment, recently-produced T cells 

tended to be lost. These data suggest that the increased levels of CD4
+
 T-cells production 

during HIV infection are not a homeostatic response to the loss of CD4
+
 T-cells; they seem 
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to be a cause rather than a consequence of the chronic loss of CD4
+
 T-cells. Further analyses 

of T-cell turnover in prospectively studied HIV-1ïinfected individuals beginning HAART 

revealed that subjects with abundant thymus (by CT-based radiographic evaluation) had 

higher levels of naïve-phenotype T-cells and lower turnover rates for the total CD4
+
 T-cell 

population (Mc Cune et al., 2000). 

 

 

Figure 2. Kinetics of T-cell dynamics in HIV/AIDS individuals  (Source: Mc Cune et al., 

2000): regenerative failure and accelerated destruction.  

 

HIV infection may affect cell subpopulations across the hematopoietic tree, including 

multilineage CD4
+
 bone marrow hematopoietic progenitor cells, intrathymic T-cell 

progenitors in the thymus, and mature CD4
+
 T-cells in the periphery (Mc Cune et al., 2000). 

 

The hallmark of HIV infection is a progressive decline in the number of CD4
+
 T-

lymphocytes. This decline is seen in both ñnaµveò and ñmemoryò phenotypes. Once the 

number of antigen-specific CD4
+
 T-cells for a given opportunistic pathogen declines below a 

critical threshold the patient becomes at increased risk for disease with that agent (Mc Cune 

et al., 2000). 
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2.6. Highly Active Antiretroviral Therapy (ART) and Immunological Recovery  

 

Highly active antiretroviral therapy (HAART) has changed the scenery of HIV infection 

since 1996, with the introduction of combined antiretroviral treatment. HIV infected 

individuals are living longer and AIDS has become a chronic and manageable disease 

(Steven et al., 2003). Currently, 25 single or combination preparations from four classes of 

drugs are licensed four HIV treatment: nucleoside (NRTIs; Abacavir (ABC), Didanosine 

(ddl), Lamivudine (3TC), Stavudine (d4T), Zidovudine (ZDV), Emtricitabine (FTC)) and 

nucleotide analogs (NtRTIs, Tenofovir (TDF)); protease inhibitors (PIs: Lopinavir (LPV), 

ritonavir (RTV, r), Nelfinavir (NFV) ) and fusion inhibitors (Enfuvirtide (T-20), Maraviroc 

(MVC) (Benson et al, 2004). Generic combinations of stavudine (d4T), lamivudine(3TC), 

nevirapine (NVP), zidovudine (ZDV) and efavirenz (EFV) are approved for use in district 

hospitals in Ethiopia ( EFDRE,MOH, 2003 ). 

 

Antiretroviral therapy (ART) is the cornerstone of the overall strategy to reduce morbidity 

attributed to HIV related infections. Potent combination ART has reduced the incidence of 

OIs for certain patients with access to care. However, it does not replace the need for 

antimicrobial prophylaxis among patients with severe immune suppression (Benson et al., 

2004). 

 

2.7. Opportunistic Diseases in HIV/AIDS Patients 

 

The various infectious agents that are defined by the Centers for Disease Control (CDC) as 

diagnostic of AIDS when present in persons infected with HIV can produce a host of clinical 

and pathologic conditions. There may be regional, racial, age, or gender-associated 

variations in the incidences of opportunistic infections seen with AIDS (Read, 2007). 

Opportunistic infections are late complications of HIV infection for the most part patients 

with less than 200 CD4
+
 T-cells/mm

3
. The causative agents are opportunistic organisms such 

as Cryptosporidium spp, Isospora (Cystoisospora) belli, microsporidia spp, Mycobacterium 

tuberculosis, and Candida spp that cause illnesses in compromised immune systems. These 

common protozoans, bacterial and fungal parasites are severe in HIV/ AIDS patients (Facuci 

, 2011). 
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2.7.1. Opportunistic intestinal parasitic diseases 

 

2.7.1.1. Cryptosporidiosis 

 

Cryptosporidiosis is caused by various species of the protozoan parasite Cryptosporidium, 

which infect the small bowel mucosa and, if symptomatic, typically cause diarrhea. The 

three species that most commonly infect humans are Cryptosporidium hominis, 

Cryptosporidium parvum, and Cryptosporidium meleagridis. Infections are usually caused 

by one species, but a mixed infection is possible (Cama et al., 2006). 

 

Cryptosporidiosis is a significant disease in both the immunocompetent and immuno-

compromised host. Immunocompetent humans and animals develop self-limiting infections 

localized to specific tissues (usually the intestinal tract), while hosts which are immuno- 

compromised by infection (e.g. AIDS patients), chemotherapeutic agents or nutrition 

develop more severe clinical signs, with parasite dissemination to other tissues and have 

recurrent and chronic infections (Thompson, 2005). Patients with cryptosporidiosis most 

commonly have acute or sub acute onset of watery diarrhea, which may be accompanied by 

nausea, vomiting, and lower abdominal cramping. Severity can range from asymptomatic to 

profuse, cholera-like diarrhea. More severe symptoms tend to occur in immune-suppressed 

patients, whereas transient diarrhea alone is typical in hosts with competent immune 

systems. Fever is present in approximately one-third of patients and malabsorption is 

common (Chen et al., 2003; Souza et al., 2004).  

 

The most widely used and the ñgold standardò test for the detection of Cryptosporidium 

Oocysts in stool is the modified acid fast stain (Leav et al., 2003). Oocysts appeared bright 

orange against a blue back ground, measuring usually 4-6 µm in size (Smith et al., 2005). 

 

Cryptosporidiosis remains a common cause of chronic diarrhea in AIDS patients in 

developing countries, with up to 74% of diarrheal stools demonstrating the organism 

(Tumwine et al., 2005). In developed countries with low rates of environmental 

contamination and where potent antiretroviral therapy (ART) is widely available, 

cryptosporidiosis has decreased and occurs at an incidence of <1 case per 1000 person-years 

in patients with AIDS (Buchacz et al., 1994-2007 ). 



18 

 

Cell-mediated immunity is believed to be the primary method for host elimination of 

Cryptosporidium spp. infections (Zhu, 2010). This has been established by using animal 

models with depleted components of their immune system (SCID mice, nude mice,MHC 

classI/CD8
+
 T-cell-deýcient mice, MHC classI/ CD4

+
 T-cell-deýcient mice) as well as 

monitoring the immune response in hosts which have (humans, foals, cats, poultry) 

deýciencies in cell-mediated immunity due to genetic defects or infection (Zhu, 2010). CD4
+
 

T-lymphocytes and IFN-g are critical in parasite elimination. Humans and animals with 

depressed CD4
+
 T-cell counts such as patients with AIDS are unable to properly eliminate 

Cryptosporidium infections, but restoration of CD4
+
 T-cells through provision of 

antiretroviral therapy or adoptive transfer to the host permits elimination of the parasite 

(Farthing, 2000). Peripheral lymphocytes are less important than the intraepithelial 

lymphocytes (IEL) that are critical for parasite elimination. In the immunocompetent host 

CD4
+
 IEL increase early in an infection and CD8

+
IEL increase over the recovery phase (Zhu, 

2010). It is believed that CD4
+
 IEL are most important in controlling the parasite early in the 

infection while CD8
+ 

IEL are important in later phases (Izcue et al., 2009). The CD4
+
 IEL is 

closely associated with infected enterocytes and produce IFN-g: IFN-g acts by inducing host 

enterocyte resistance to parasite invasion, modiýcation of intracellular Fe2
+
 concentrations 

and decreased intracellular development (Zhu, 2010). 

 

The humoral immune response is considered less important in cryptosporidiosis but there is 

an elevation in serum and mucosal antibodies associated with parasite elimination and 

resolution of clinical signs. Antibody responses may be redundant but may also play a role 

in resistance to infection. Parasite-specific antibody responses have been demonstrated in 

animals and humans without parasite elimination (Izcue et al., 2009) however, in other 

studies resistance to infection has been associated with local IgA and IgM responses (Zhu, 

2010). 

 

Immunocompromised populations are at increased risk for clinically significant 

cryptosporidiosis. In developing countries, Cryptosporidium oocysts have been identified in 

the stools samples of up to 73% of immunocompromised patients (Certad et al., 2005; 

Tumwine et al., 2005). The prevalence of cryptosporidiosis among HIV/AIDS patients 
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decreased after increased use of Highly Active Anti-Retroviral Treatment among this 

population in the late 1990ôs. A study in New Orleans reported cryptosporidiosis prevalence 

of 20% among HIV patients in 1994. By 1998, the prevalence had fallen to 6 % (Inungu et 

al., 2000). 

 

In Ethiopia a prevalence of 15.4 % has been found among HIV positive individuals in south 

west Ethiopia during 2004 (Zelalem et al., 2008). 25% prevalence has also been found 

among HIV positive individuasl in Yirgalem Hospital during 2007 (Amde et al., 2010). In 

2008 on a study done among HIV positive individuals in selected ART centers in Adama, 

Afar and Dire-Dawa, the prevalence of cryptosporidium was found as 62.5%, 12.5% and 

25% respectively (Haileeyesus and Beyene, 2009). 

 

2.7.1.2. Isosporiasis (Cystoisosporiasis) 

 

Isosporiasis, also known as cystoisosporiasis, occurs worldwide but predominantly in 

tropical and subtropical regions. Immunocompromised patients, including those who are 

HIV-infected, are at increased risk for chronic, debilitating illness (Certad et al., 2003.). 

Although Isospora (Cystoisospora) belli completes its life cycle in humans, the oocysts shed 

in the feces of infected individuals must mature (sporulate) outside the host, in the 

environment, to become infective. On the basis of limited data, the maturation process is 

completed in approximately 1 to 2 days but might occur more rapidly in some settings 

(Lindsay et al., 2000). Infection results from ingestion of sporulated oocysts, such as from 

contaminated food or water. After ingestion, the parasite invades enterocytes in the small 

intestine. Ultimately, immature oocysts are produced and shed in stool (Lindsay et al., 

2000). 

 

The most common manifestation is watery, non-bloody diarrhea, which may be associated 

with abdominal pain, cramping, anorexia, nausea, vomiting, and low-grade fever. The 

diarrhea can be profuse and prolonged, particularly in immunocompromised patients, 

resulting in severe dehydration, electrolyte abnormalities such as hypokalemia, weight loss, 

and malabsorption (Bialek et al., 2001). 
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Typically, infection is diagnosed by detecting Isospora oocysts (dimensions, 23ï36 µm by 

12ï17 µm) in fecal specimens (Lindsay et al., 2000). Oocysts may be shed intermittently 

and at low levels, even by patients with profuse diarrhea. Diagnosis can be facilitated by 

repeated stool examinations with sensitive methods, such as modified acid-fast techniques, 

on which oocysts stain bright red, and UV fluorescence microscopy, under which they 

autofluoresce (Bialek et al.,2002). Diagnosis depends on microscopic identification of 

oocysts in the stool. Like Cryptosporidium, the oocysts of Isospora are acid fast during 

staining but differ from oocyst of Cryptosporidium by their size and shape (Endeshaw, 

2005). 

 

In an observational study, incidence of isosporiasis decreased after widespread introduction 

of antiretroviral therapy (ART), except in patients with CD4
+
 T-cell counts of <50 cells/mm

3 

(Guiguet et al., 2007) 

 

2.7.1.3. Microsporidiosis 

 

Microsporidiosis is an important emerging opportunistic infection in HIV-infected patients 

and appears to have an ever-expanding clinopathologic spectrum (Gracia and Bruckner, 

1997). It is caused by Microsporidia or microsporans which are a wide-spread group of 

obligate intracellular spore forming parasitic protozoans, characterised by the possession of 

a coiled filament seen by electron microscopy within the small resistant spores (Currey et 

al., 1990).The first human case of microsporidian infection was reported in 1959, when a 

new species, E. bieneusi was found in a human immunodeficiency virus (HIV)-infected 

patient in France (Franzen and Muller, 1999) and since 1985, E. bieneusi was identified as 

an aetiological agent of diarrhea (Desportes et al.,1985). 

 

Microsporidian spores are between 1 and 20 ɛm long and typically they are protected by a 

thick wall composed of three layers (proteinacious exospores, chitinacious endospore and a 

plasma membrane enclosing the cytoplasm). The spore is with a single (unikaryotic) nucleus 

or two (diplokaryotic) nuclei, a posterior vacuole, the polaroplast membranes, and the 

unique extrusion apparatus, which consists of a coiled polar filament and its anchoring disc 

(Franzen and Muller, 1999). 
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Human infections with microsporidia have been reported from all over the world, and the 

majority of cases have involved HIV infected patients. The wide geographical distribution 

and high prevalence among HIV- infected patients suggest that microsporidia may be 

natural parasites of humans, causing disease only in immunosuppressed hosts with CD4
+
 T-

cell counts below 100 cells/ mm
3 

(Franzen and Muller, 1999). The reported prevalence of 

microsporidiosos in AIDS patients in one select population that was referred for 

gastrointestinal symptoms was 39% (Shah, 2005). Microsporidiosis has been also reported 

in up to 7% of HIV-infected in Thai children with acute and chronic diarrhea (Mofenson et 

al., 2004). In Africa due to lack of appropriate diagnostic methods, experienced and skilled 

manpower, information regarding intestinal microsporidiosis in AIDS patients is very 

limited. In Ethiopia intestinal microsporidiosis due to E. bieneusi and E. intestinalis were 

highly associated, 17.2 % (Endeshaw, 2005) with chronic diarrhea in AIDS patients. 

 

Routes of transmission and sources of human microsporidial infections have been difficult 

to ascertain (Gracia and Bruckner, 1997; Franzen and Muller, 1999). Persons or animals 

infected with microsporidia are possible sources of infection and person-to-person 

transmission by faecal-oral route may be significant (Franzen and Muller, 1999). 

 

The life cycle includes repeated divisions of binary fission (merogony) or multiple fission 

(schizogony) and spore production sporgony. Both merogony and sporogony can occur in 

the same cell at the same time (Gracia and Bruckner, 1997). In suitable host cells, the 

sporoplasts that are released from the spores become meronts, and then meronts develop into 

sporonts, which are characterized by a dense surface coat. This surface coat later develops 

into the exospore layer of the spore wall and provides environmental protection for this 

infectious stage of the parasite. Sporonts multiply by binary or multiple fissions and divide 

into sporoblasts that will develop in to mature spores (Franzen and Muller, 1999). 

 

Micosporidia are protozoan parasites responsible for significant gastrointestinal disease in 

patients infected with HIV (Asmuth et al., 1994). After some initial debate about 

pathogenicity, microsporidia are now widely accepted as true enteric pathogens, causing 

disease in the majority of HIV-infected patients (Mota and Edberg, 2000). E. bieneusi, 
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which was first described in HIV/AIDS patient, seems to be the commonest human 

microsporidian infection and has been found in symptomatic patients up to 6.5% (Currey et 

al., 1990) 

 

The most common manifestation of intestinal microsporidiosis in people with AIDS is 

profuse watery, non-bloody diarrhea, sometimes accompanied by abdominal pain and 

cramping, nausea, vomiting and weight loss (Mofenson et al., 2004). Thus according to 

several sources (Chijide, 2006) species of microsporidia have been tried to disseminated 

disease cholangitis, keratoconjunctivitis, hepatitis, peritonitis, and infection of the lungs, 

kidney liver muscles and the brain. In HIV/AIDS patient the symptoms of intestinal 

microsoporidiosis are similar to those of isosporiasis and cryptosporidiosis, although milder 

(Mota and Edberg, 2000; Mofenson et al., 2004) and also fat, d-xylose and Vitamin B12 

malabsorption are present (Franzen and Muller, 1999). 

 

Infection by E. bieneusi and/or E. intestinalis have been identified as main causes for watery 

diarrhea and wasting syndrome in AIDS patients, when the CD4
+
 T-cell count is below 100 

cells/mm
3
 (Asmuth et al.,1994). In Ethiopia recent study shows that the prevalence of 

microporidiosis in HIV/AIDS diarrheal patients is 18.2% (Endeshaw et al., 2006).  

 

Diagnosis of human microsporidiosis is dependent on the identification of spores in clinical 

samples stool specimens. (Mofenson et al., 2004; Chijide, 2006).The most common 

diagnostic method is to stain samples by using fluorescence brighteners, such as Uvitex 2B 

(Van Gool et al., 1995). Fluorescence staining is very quick, easy to perform and its 

specificity for microsporidian spores is high, because microsporidian spores can be 

identified by a diagonal or equatorial belt-like structure (Chioralia et al., 1998). 

 

Successful treatment of microsporidiosis in immunodeficient patients is limited and no 

effective therapy is known (Franzen and Muller, 1999). Infections due to E. bieneusi are 

much more difficult to treat, and currently there is no acceptable treatment (Franzen and 

Muller, 1999).  

 



23 

 

Albendazole: Several case reports (Chijide, 2006) have shown that albendazole was 

effective for treatment of Encephalitozoan infection in HIV infected patients and led to 

impressive clinical improvement and eradication of the parasites. In HIV-infected patients, 

HAART associated improvement in CD4
+
 T-lymphocyte cell count can favorably modify the 

course of disease, such as microsporidiosis. However, therapy of microsporidiosis must be 

continued, because relapse is common in patients who have responded to albendazole or/and 

ART when therapy is stopped (Chijide, 2006). Therefore, with the lack of an effective 

treatment against E. bieneusi, clinicals should be strongly encouraged to optimize ART to 

avoid a poor out come. 

 

2.7.2. Opportunistic bacterial diseases 

 

2.7.2.1. Tuberculosis (TB) 

 

Tuberculosis (TB) infection occurs when a susceptible person inhales droplet nuclei 

containing Mycobacterium tuberculosis organisms. It is one of the most common AIDS-

related opportunistic infections worldwide, and is the leading cause of death from AIDS in 

sub-Saharan Africa (Havllir and Barnes, 1999). The incidence of tuberculosis is significantly 

higher in HIV-infected people than in those without infection (Bandera et al., 2001) .TB 

disease can occur at any CD4
+
 T lymphocyte (CD4

+
 T-cell) count, although the risk increases 

with progressive immunodeficiency(Wood et al., 2000).  

 

Tuberculosis (TB) is a particularly important problem where in some countries up to 30% 

patients with TB are also HIV sero positive (Facuci, 2011). In an individual infected with 

HIV the presence of TB affects the HIV/ AIDs progression in many ways. It increases HIV 

replication, which leads to increased viral load. This results in more rapid progression of 

HIV disease. It also increases occurrence of other OIs. In Ethiopia routine data from 44 sites 

in the year 2005/6 showed 41% of TB patients were HIV positive (FMOH. 2000/2008). 

Another routine data collected in 2006/7 showed that the co-infection was 31% (FMOH, 

2009). 
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Infection with HIV constitutes the strongest risk factor for development of TB in subjects 

with latent MTB infection. Due to the high incidence of both HIV and MTB infection in the 

developing countries, TB has emerged as the most common opportunistic infection (OI) in 

HIV-infected patients worldwide (WHO, 2006a). Thus, the interaction of these two 

pathogens currently and in the future will potentiate morbidity and mortality associated with 

either. Globally, more than one-third of HIV positive individuals are co infected with MTB 

and 12% of AIDS deaths are attributed to TB (Raviglione, 2003; Corbett et al., 2003). In 

Africa, HIV is the single most important factor determining the increased incidence of TB in 

the past 10 years (WHO, 2006b). HIV/AIDS accounted for 32% of the estimated 141,000 

cases of tuberculosis in Ethiopia in 2005 (MOH, 2005a). The copathogenicity between MTB 

and HIV is best illustrated by the high susceptibility of the HIV-infected persons for 

reactivation of a remote TB infection or early progression of a newly acquired disease. This 

dual interaction is also demonstrated by the negative impact of TB on the natural history of 

HIV, which is characterized by increased incidence of clinical progression and increased 

mortality rates (WHO, 2006b; Gerard, 2000).  

 

HIV-positive person infected with MTB has a 50 - 60% lifetime risk of developing TB 

disease as compared to HIV-negative person who has only 5-10% risk. HIV-infected 

persons who become newly infected with MTB rapidly progress to active TB disease. 

Clinical presentation of TB is also a typical and severe when immune suppression is 

advanced in TB-HIV co infected patients (Gerard, 2000). The progressive loss of CD4
+
 T-

cells in HIV-infected patients is the basis of increased TB incidence since CD4
+
 T-cells are 

considered to be the primary cellular component involved in immune protection against TB 

via their ability to produce IFNɔ, activate macrophages, and kill infected cells. Furthermore, 

CD4
+
 T-cells are believed to be required either for primary activation of CD8

+ 
T-cells or for 

the maintenance of immune protective CD8
+ 

T-cells (Badri et al., 2001; Janssen et al., 2003; 

Shedlock and Shen, 2003; Sun and Bevan, 2003). 

 

Since, MTB can spread through the air; the increase in active tuberculosis cases among 

dually infected people means more transmission of the TB germ, meaning more TB 

infections and disease in the whole population. Consequently, the HIV/AIDS epidemic is 
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reviving an old problem in developed countries and exacerbating an existing one in the 

developing countries (Fauci and Lane, 2001). For these reasons, it is believed that HIV 

increases the spread of TB. Active TB is most common in patients aged 25 to 44 years in 

developing countries. In these demographic groups, 20 to 70% of the new cases of active TB 

are in patients with HIV infection. This active TB often develops relatively early in the 

course of HIV infection and may be an early clinical sign of HIV disease (Fauci and Lane, 

2001). 

 

Clinical TB accelerates the progression of underlying HIV disease by stimulating HIV 

infected macrophages and CD4
+
 T-lymphocytes to produce more viruses. A cohort study 

undertaken to assess the effect of TB on the natural history of HIV infection in patients from 

a high TB prevalence setting (Badri et al., 2001), demonstrated a significantly reduced 

survival and an increased frequency of AIDS-defining illness in HIV-infected patients with 

TB. The median time of progression to AIDS according to this study, in patients free of 

AIDS at baseline, was 6 months for tuberculosis cases compared to 14.5 months for patients 

with HIV but no TB (comparison group). Mortality rate was significantly higher in TB cases 

compared to the comparison group (Badri et al., 2001). 

 

Furthermore, TB has been shown as one of the leading opportunistic diseases diagnosed in 

patients with AIDS as well as the most common cause of death in autopsied African patients 

with AIDS (Larry et al., 2003). In one observational cohort study of HIV infected adults in 

South Africa (Day et al., 2004) viral load was compared between patients experiencing 

episode of TB and those non-TB control groups. The result revealed that the mean HIV viral 

load was higher in the TB group than in the non-TB control group showing that an episode 

of TB could have some effect on HIV disease progression or HIV transmission at the 

population level (Day et al., 2004). On the other hand, HIV positive patients with active TB, 

who receive anti-TB therapy and HAART, are just as likely as HAART-treated HIV-

positive patients without TB to benefit from antiretroviral therapy (Hung, 2003). Taken 

together, the onset of TB in HIV-infected patients is associated with an increased risk of 

AIDS and death.  
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2.7.3. Opportunistic fungal diseases 

 

2.7.3.1. Candidiasis 
 

Mucocutaneous candidiasis is frequently one of the first signs of HIV infection and 90% of 

patients with AIDS will develop oropharyngeal candidiasis at some time during their illness 

(Vazquez, 2000). However, pulmonary candidiasis is an uncommon manifestation among 

HIV-infected patients. In 1987, data from the Centers for Disease Control AIDS data base 

indicated a 50% prevalence of oropharyngeal Candida infection, a 10% rate of esophageal 

infection, and 5% rate of bronchopulmonary infection among AIDS patients (Selik et al., 

1997).  

 

Oropharyngeal and esophageal candidiasis are common in HIV-infected patients. Most such 

infections are caused by Candida albicans. Oropharyngeal candidiasis is characterized by 

painless, creamy white, plaque-like lesions that can occur on the buccal surface, hard or soft 

palate, oropharyngeal mucosa, or tongue surface. Lesions can be easily scraped off with a 

tongue depressor or other instrument. Less commonly, erythematous patches without white 

plaques can be seen on the anterior or posterior upper palate or diffusely on the tongue. 

Whereas esophageal candidiasis generally presents with retrosternal burning pain or 

discomfort along with odynophagia; occasionally esophageal candidiasis can be 

asymptomatic. Endoscopic examination reveals whitish plaques similar to those observed 

with oropharyngeal disease. On occasion, the plaques may progress to superficial ulcerations 

of the esophageal mucosa with central or peripheral whitish exudates (Fichtenbaum et al., 

2000). 

 

The high prevalence of esophageal candidiasis in patients with AIDS indicates the critical 

role of cell mediated immunity in normally protecting the esophagus from Candida 

invasion. Esophageal candidiasis in an HIV-positive patient may be the first manifestation of 

AIDS (Coleman et al., 1993), typically occurring at lower CD4
+
 T-cells counts, <100 

cells/mm
3
 (Coleman et al., 1993). 

 

Oral candidiasis is the most common and usually the earliest opportunistic infection 

affecting HIV-positive patients (Watanabe et al., 1996). It has been used as an initial 
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manifestation of AIDS in all high-risk population (Matsuzaki et al., 1997), although by 

some accounts it is considered more prevalent in the homosexual HIV infected population 

(Hohl et al., 1983). Risk factors for esophageal candidiasis in HIV-infected populations 

include initial low CD4
+
 T-cell count and plasma viremia. In addition, that risk may also be 

influenced by such factors as homosexual/bisexual behavior, prior zidovudine therapy, 

recent antibacterial therapy, and oral candidiasis (Hohl et al., 1983). 

 

If oral candidiasis is not treated, it may progress to candidal esophagitis (Vartian et al., 

1985). Virtually all HIV-infected individuals with cutaneous candidiasis will harbor C. 

albicans as the pathogen, with C. tropicalis only rarely being diagnosed (Scott et al., 1986). 

In patients with the AIDS-related complex (ARC), the observed perirectal pain and 

ulceration has often been associated with C. albicans. In female patients with HIV infection, 

candidal vaginitis is a recurring problem. 

 

Initiation of highly active antretroviral therapy (HAART) in HIV-infected populations has 

exerted a positive impact on the immunological recovery of such patients, thereby leading to 

decreased frequency of symptomatic Candida infections and an overall decline of some 

opportunistic infections (Mahgoub et al., 1993). Thus, in patients receiving HAART, there 

has been a significant increase in the functional measures of innate immunity, such as 

fungicidal activity, chemotaxis, and oxidative metabolism of PMNL and monocytes from 

HIV-positive naive patients (Rinaldi et al., 1987). However, in a longitudinal study of the 

relationship between HAART therapy and recurrent oropharyngeal candidiasis in advanced 

HIV infected patients, Revankar et al., (1984) demonstrated that unless HAART is 

accompanied by significant decrease in the viral load and increase in the CD4
+
 T-cell count, 

HAART alone may not lead to reduced recurrence rate of oropharyngeal candidiasis.  
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2.8. The Current Status of Opportunistic Infections among HIV Sero-Positive Patients  

       in Ethiopia  

 

The spectrum of HIV/AIDS related diseases is not well described in the African continent as 

in industrialized countries but a review made in 4 African countries, Cotediviore, South 

Africa, Kenya and Ethiopia tuberculosis, cryptosporidiosis, isosporiasis, and esophageal 

candididiasis as the major illnesses in the order given and concluded that some of the 

diseases were preventable by OI prophylaxis even in the absence of ART (Allison et al., 

2009). 

 

In the Ethiopian context a one year prospective study of consecutive patients admitted to the 

medical wards of Tikur Anbessa teaching hospital had shown the morbidity and mortality 

patterns of patients with HIV/AIDS with the following findings (Daniel, 2000; Dawit and 

Tsehaynesh, 2003), oropharyngeal candidiasis 136 (57.4%), tuberculosis 131 (55%), and 

others 82 (34.6%). The authors concluded that OIs were the major causes of morbidity and 

mortality among HIV patients and many of the common OIs were both preventable and 

treatable (Daniel ,2000). 

 

In another study that was done at Zewditu memorial hospital in Addis Ababa to determine 

the proportion of patients that developed the immune reconstitution inflammatory syndrome 

(IRIS) among HIV/ AIDS patients , the patterns of Ols prior to the start of HAART were 

include the following,  tuberculosis 31.14%, oral candidiasis 16.4%, (Kahsay et al., 2008). 

The study concluded that the proportion of IRIS in the hospital was 17.2% out of 186 

patients on HAART (Kahsay et al., 2008). The most prevalent Ols was TB. The study 

emphasized the need to be aware of IRIS by clinicians and all health workers and to have 

adequate provisions of antimicrobial and other medications for proper management of the 

patients (Kahsay et al., 2008). 

 

Different investigators also have shown that infection by intestinal parasites enhances 

immune activation and has been suggested to contribute to progression of HIV infection 

(Bentwich et al., 1995; Bentwich et al., 1996). In a study conducted in Ethiopia, there was a 

significant correlation between the number of excreted worm eggs and plasma viral load 
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(Wolday et al., 2002). Moreover, other studies have revealed that intestinal parasitic 

infections have interaction with immunological effectors such as T-cell subsets (CD4
+
 and 

CD8
+
) (Kalinkovich et al., 1998). It has been indicated that even healthy Ethiopians (HIV 

Negatives) have lower CD4
+
 T-cells and higher CD8

+
 counts as compared to Europeans and 

other Africans and it is hypothesized that environmental pathogens such as intestinal 

parasites could play a role (Messele et al., 1999; Tsegaye et al., 1999). However, the factors 

that contribute to these variations are not well defined.  

 

Because of lack of adequate and appropriate techniques available to diagnose some of the 

opportunistic intestinal parasites, there is no in-depth study on the relationship between 

HIV/AIDS status and the prevalence of intestinal parasites, especially the opportunistic ones 

in Ethiopia. Only some limited studies on HIV/AIDS patients and children under five were 

reported on Cryptosporidium parvum and other intestinal parasites. An epidemiological 

study conducted on intestinal parasites and HIV infection among the Wonji Sugar-Estate 

residents had indicated limited difference in the overall prevalence of the common intestinal 

parasites in HIV positive and HIV negative subjects (Fontanet et al., 2000a). However, the 

study didnôt properly address the problem of opportunistic intestinal parasites and other 

common ñnon ï pathogenicò intestinal protozoan both in HIV negative and HIV positive 

subjects. Therefore, there are several questions to be addressed in relation to opportunistic 

intestinal parasites and HIV infections. These include, the immunological spectrum at which 

opportunistic intestinal parasites infections appear in Ethiopian HIV/AIDS patients, the 

impact of HIV infection on the prevalence of opportunistic and common intestinal parasites 

fauna, the widely application of appropriate diagnostic methods commonly used to identify 

opportunistic intestinal parasites ( Endashaw, 2004). 
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Table 1 .Opportunistic intestinal parasites reported by different studies from Ethiopia 

 

Parasite identified Subject type No.  

examined 

No.  

Positive (%) 

Ref. 

Cryptosporidium Diarrhea patient 1 1 Assefa & Eshete 

1990 

Cryptosporidium Children with 

acute diarrhea 

100 9(9%) Mersh and Truneh 

1992 

Cryptosporidium AIDS patients 63 25(40%) Mengesha, 1994 

Cryptosporidium Children under 

five 

214 12(5.6%) Assefa et al., 1996 

Cryptosporidium 

 

Isospora 

AIDS patients 

(chronic diarrhea) 

147 

 

3 2(1.4%)  

 

8(26%) 

Fisseha et al., 1998 

Cryptosporidium 

Isospora 

Cyclospora 

HIV patients 

with Chronic 

 diarrhea 

54 6(11%) 

4(7.4%) 

2(3.7%) 

Awole et al., 2003 

Cryptosporidium 

Isospora 

 

Diarrhea patients 442 92(20.8) 

35(7.9) 

 

Endeshaw et al., 

2004 
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3. MATERIALS AND METHODS  
 

3.1. Description of the Study Area 

 

The study was carried out in Butajira General Hospital (BGH), Butjira town, Southern 

Ethiopia. Butajira district is located in Gurage zone, Southern Nations, Nationalities, and 

Peoples Regional (SNNPR) State of Ethiopia. The district borders Siliti Zone to the south, 

Mareko District to the east, Muhur and Akillial District to the west, and Sodo District to the 

north. The estimated area of the district is 797km
2
, of which Butajira town covers 

approximately 9km
2
. The area is located 130 kms south of Addis Abeba and 50 kms to the 

west of Zeway town in Rift valley, 8.2
0
 north latitude and 38.5

0
 east longitude. Climate 

varies from arid dry in lowland areas at altitude around 1,500 (tropical climate) to cool and 

wet/moist in mountainous areas up to 3,500 meters above sea level. The main wet season 

occurs between June and October every year, with the remaining months being 

predominantly dry.The average dayïtime temperature varies between 20-30 
0
C, with night-

time temperature falling close to freezing point at higher altitudes. The population of the 

district is estimated to be 216, 968 in 2005 (Regional Statistical Office). According to the 

Regional Health Information Bureau the district has one Hospital, seven Health Centers, 71 

functional Health Posts, 13 registered non-governmental health facilities. The Butajira 

General Hospital (BGH) was selected for this study as it has greater HIV/AIDS patientsô 

record as compared to others. Moreover, the BGH provides HIV/AIDS interventions 

including free diagnosis, treatment and monitoring. The centre diagnoses new cases and 

monitors those on therapy. Also structured HIV/AIDS data are available at this general 

Hospital.  

 

3.2. Study Design 

 

The design of the study was hospital-based analytical cross sectional survey to determine the 

immunological responses of HIV sero-positive individuals with or without opportunistic 

diseases such as cryptosporidiosis, isosporiasis, microsporidiosis, tuberculosis and 

candidiaisis before and after ART initiation and the prevalence of these opportunistic 

diseases among the study partiticipants at BGH. All study participants, ART-naive and ART 

receiving, with symptomatic HIV infection with and without the selected opportunistic 
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infections were included. For screening of the OIs and disease, patients were diagnosed both 

clinically and through laboratory investigations. CD4
+
 T-cell counts were done using 

Fluorescent Activator Cell Sorter machine. 

 

In this study a patient with incomplete information was not included. A patient whose CD4
+
 

T-cell count was not monitored during the clinical and laboratory investigation of the OIs 

was not included. The study was more of descriptive and comparative type focused on 

identifying and describing cryptosporidiosis, isosporiasis, microsporidiosis, tuberculosis and 

candidiaisis. The study also attempted to elucidate the association between CD4
+
 T-cells 

counts and the prevalence of OIs among the studied HIV sero-positive individuals. Clinical 

evaluation of the patients for the status of immunity (CD4
+
 T-cell count), basic demographic 

information and HIV/AIDS disease staging according to WHO (2005) classification criteria 

was done by the physicians. Additionally, CD4
+
 T-cell count of the study participants was 

obtained from the ART clinical center in the hospital. CD4
+
 T-cell count was considered 

only when it was done at the time of stool, sputum and swab (scraping) samples were 

collected.  

 

Before starting collection of data from study participants who attended BGH, first they were 

briefed about the purpose of the study in the voluntary counseling and testing (VCT) center 

of the hospital. Then those individuals who were voluntary to participate and fulfilled the 

inclusion criteria were allowed to sign a written informed consent in the VCT center and 

enrolled in the study. All relevant data were collected at the hospital by the investigator with 

the help of the medical psychologist, physicians, nurses and laboratory technicians. During 

follow up of the study participants, clinical examination, stool, sputum, mouth swab, and 

blood sample collection were done to generate data on the prevalence of selected 

opportunistic infections and CD4
+
 T-cell counts. Data collection was made after giving a 

code for each study participant and the data of each participant was recorded properly in 

accordance with the code. 
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3.3. Study Population  

 

People living with HIV/AIDS (PLWHA) of both sexes who came to OPD of the BGH to 

monitor their disease status and inpatients of PLWHA were enrolled. Inaddition, people who 

tested HIV-positive at the hospital during the study time and referred from other health 

institutions for clinical and laboratory investigations to monitor their disease status was also 

enrolled in the study.  

 

The study participants were both males and females who visited Butajira General Hospital 

ART center from March to June 2014. Furthermore, participants were selected from any age 

of HIV sero-positive individuals who had started ART and who had not yet started ART. 

The study did not include, however, those who had taken drugs for any kinds of 

opportunistic infection during the study period. 

 

A total of 384 HIV/AIDS patients data were used for this study. Primary data were 

generated using 384 (178 males and 206 females) HIV /AIDS patients who were naive to 

HAART and on HAART. The mean age of the study participants was 34.11+ 10.09 standard 

deviation with the range of 48 (61-13) years. In BGH the HAART regimen for HIV patients 

consisted of zidovudine, stavudine and nevirapine. 

 

3.4. Sample Size Determination 

 

Since there was no previous investigation conducted on the same topic in the study area and 

there was no published work, P-value of 0.5 was taken to ensure the sample size large 

enough to satisfy the precision and confidence constraints. By taking this into consideration, 

the sample size for single population was calculated based on the 95% confidence interval 

(CI) and 5% sampling error by using the formula described by Hassan (1991). 

 
In estimating the sample size (n), 50% prevalence, 95% CI for Z statistics which is 

conventionally 1.96 and 5% precision was used to determine the sample size using the following 

statistical formula: 

                          n = 
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Where: 

 n =       sample size.  

 p = expected prevalence or proportion. 

 d = marginal error between the sample and the population. 

Z Ŭ/2 = Critical value at 95% certainty (1.96), considering 5% non responsive rate. 

  

Based on the above formula, the sample size (n) was calculated as follows:  

  

                                n = (1.96)
2
 (0.5) (0.5)  

                                                      (0.05)
2
  

                                                = 384 

 

Therefore, the calculated sample size for this study was 384.  

 

In this formula, p (1 ï p) is maximized when p = 0.5. This ensures a sample size large 

enough to satisfy the precision and confidence constraints. However, if a researcher has 

sufficient evidence to believe that p differs from p = 0.5, substitution of his best estimate can 

result in a significant reduction in the required sample size (Hassan, 1991). 

 

3.5. Sampling Method 

 

Stool, blood, sputum and swab samples were collected by using a serial sampling method 

from patients who came to BGH ART center and those who have fulfill ed the criteria until 

the sample size was reached. The inclusion criteria were: 1.Being HIV/AIDS patient, 2. 

Willingness of the patient to participate in the study. The exclusion criteria were: 1. If the 

patient had taken drugs for any opportunistic infections close to the study period, 2. If 

patients who were severely ill and could not respond. Using these criteria, a total of 384 

patients who were naive to ART and on ART were included in the study. The data collection 

was carried out during the period between March and June, 2014. 

 

3.6. Methods of Data Collection 

 

3.6.1 Structured Questionnaire  

 

For the collection of data, which includes both clinical as well as laboratory diagnosis, two 

types of structured questionnaire were used (appendix-III and appendix-V) to gather 
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information on HIV status of the patient that explores socio-demographic data including sex, 

age, ART status, some selected OIs, cough, oral- lesion/white patches, diarrheal cases, 

WHO cycle stage and CD4
+
 T-cell counts of the participants and was completed by health 

professionals at BGH. No personal identifiers were included and individuals were given a 

unique code number to be attached on the structured forms and their laboratory specimens 

(test tubes).Training was given for data collectors regarding the purpose of the study and the 

procedures to be followed for data collection.  

 

3.6.2 Stool, Sputum, Swab and Blood Sample collection  

 

Sterilized and disposable materials including gloves, spatulas, stool cups, swab scraping 

sticks, slides, and small plastic tubes and test tubes were used for stool, sputum, swab and 

blood sample collection from the study subjects. Before collection of the samples, the 

selected PLWHA were oriented and provided with materials to handle stool and sputum 

specimens by a laboratory technician. In addition, stool, blood, sputum and scraping (swab) 

samples were also collected from each study participant at enrolment.  

 

Single fresh stool, sputum, swab and blood samples were collected from each consenting 

study subject on the same day of enrolment using wide mouth screw capped sterile 

containers, plastic tubes, slides and test tubes by experienced laboratory technicians. Then 

all specimens were processed and analyzed within three hours of collection at BGH 

laboratory with the help of laboratory technicians. Then certified medical laboratory 

technicians were used to do the laboratory diagnosis. The experienced laboratory 

technologists together with the principal investigator carried out all the laboratory diagnosis 

process until this research work ends. 

 

3.7. Laboratory Examination  Techniques  

 

Standard laboratory techniques were used at BGH, to generate data on prevalence of 

opportunistic infections and diseases such as cryptosporidiosis, isosporiasis, 

microsporidiosis, tuberculosis, and candidiasis among HIV positive persons with and 

without ART. These laboratory techniques included:  
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3.7.1. Direct wet mount technique 

 

A direct wet mount of stool in normal saline (0.85% NaCl solution) was prepared and was 

examined for the presence of motile intestinal parasites and trophozoites under light 

microscope (400 X magnification). Lugolôs iodine staining was used to detect cysts of 

opportunistic intestinal parasites. 

 

3.7.2. Concentration technique 

 

The concentration procedure recommended is the formol-ether (or formalin-ethyl acetate) 

method. According to WHO (1997), protozoan cysts are recovered by this method. In this 

method, using a wooden applicator stick, 1 gram of stool specimen was added to 10ml of 

10% formalin in a small beaker and thoroughly emulsified, and brought into suspension. 

Next the suspension is strained through a double layer of wet gauze directly into a 15 ml 

centrifuge tube. The gauze is then discarded, and more 10% formalin is added to the 

suspension in the tube to bring the total volume to 10 ml.  

 

Then 3ml of ether is added to the suspension in the tube, covered by rubber stoppers and 

shaken vigorously for 10 seconds. The content was centrifuged at 2000rpm for 3 minutes, 

the supernatant (comprising the top 3 layers) is decanted, and the deposit/sediment is re- 

suspended with a disposable Pasteur pipette. Sometimes it is necessary to add a drop of 

physiological saline to have sufficient fluid to resuspend the sediment. A few drops of the 

suspension is transferred onto a microscope slide and covered with a cover slip. Finally the 

preparation was scanned using the low power (X10) objective, and in a systematic manner 

as to observe the entire cover slip area. Whenever an organism or suspicious objects were 

seen, the higher magnification (X 40 objective) was used to observe its detailed morphology. 

 

3.7.3. Modified Ziehl-Neelsen method 

 

 According to WHO (1997) Modified Ziehl- Neelsen method was used for the detection of 

Cryptosporidium parvum oocysts. A thin smear was prepared directly from fresh as well 

from sediments of concentrated stool and allowed to air dry. Then the slides were fixed with 

methanol for 5 minutes and stained with carbol fuchsine for 30 minutes. 



37 

 

The slides were then washed with tap water and decolorized with acid alcohol (1ml Hcl and 

99ml of 96% ethanol) for 1-3 minutes. After washing the slides with tap water, they were 

counter stained in methylene blue for another 1 minute. Finally the slides were washed in 

tap water and allowed to air dry. They were then observed under the light microscope with 

X1000 magnification (Garcia et al., 1993; Assefa et al., 1996; Endeshaw et al., 2004). Each 

slide was observed for 10 minutes to decide on whether it was negative or positive. 

 

3.7.4. Modified Trichome Stain 

 

For microscopic examination of microsporidian spores in stool samples, it was 

recommended to use special chitin stains, such as trichrome blue (Ghosh and Weiss, 2009). 

Thin smears were made from individual undiluted stool samples, fixed in absolute methanol, 

stained and then spores were visualized at 1000x using microscope. In this study, the 

definitive diagnosis was the identification of the polar tube, which appeared as a pink or 

reddish belt in the middle of the spore. Moreover, this morphological feature was a key to 

distinguish the microsporidian spores from yeasts and sporulated bacteria (Didier et al., 

1995). 

 

3.7.5. Sputum Smear Microscopy  

 

TB diagnosis was made by identification of acid-fast mycobacteria from sputum and/or 

aspirate after staining with Ziehl Neelsen stain. Direct microscopic examination for acid fast 

bacilli (AFB) was done on three consecutive sputum samples (spot, morning, spot) after 

staining with the Ziehl Neelsen technique (MOH, TB and Leprosy Control manual) 

(EFDRE,MOH, 2002). Smears were prepared, stained and examined by the Ziehl-Neelsen 

method according to WHO/ IUATLD  (2001) guidelines, 1% basic fuchsin and a 0.3% 

methylene blue concentration was used. A positive and negative control slide was included 

with each run of staining procedure to verify the correct performance of the procedure as 

well as the staining intensity of the acid-fast bacilli. At least 100 microscopic fields should 

be examined to declare a slide negative. In case of positive slides examination even less 

number of fields were sufficient and the number of organisms present was classified using 

WHO/ IUATLD  (2001) guidelines. 1 to 9 AFB per 100 fields, exact figure recorded; 10 to 

http://scialert.net/fulltext/?doi=jp.2010.231.235&org=10#522404_ja
http://scialert.net/fulltext/?doi=jp.2010.231.235&org=10#522386_ja
http://scialert.net/fulltext/?doi=jp.2010.231.235&org=10#522386_ja
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99 AFB per 100 fields recorded as 1+; 1 to 10 AFB per field after examining at least 50 

fields recorded as 2+; and more than 10 AFB per field after examining at least 20 fields 

recorded as 3+. (WHO/ IUATLD , 2001) 

 

3.7.6. KOH (Potassium hydroxide) Test for Thrush 

 

The KOH test was used to find out whether oral candidiasis (thrush) was present in a 

person's mouth. For identification by light microscopy, a sample (scraping or swab) of the 

affected area (the white patches) was taken and placed on a microscope slide. Then, a single 

drop of 10% potassium hydroxide (KOH) solution was added to the specimen. The KOH 

dissolves the skin cells, but leaves the Candida cells intact, permitting visualization of 

pseudohyphae and budding yeast cells (Srikumar and Nagaraja, 2010). The yeast cells were 

then seen with a microscope.  

 

3.7.7. CD4
+
 T-cell counts 

 

Lymphocyte subset, CD4
+ 

T-cell was analyzed by a well trained laboratory technician using 

FACScan flow cytometry (Becton Dickinson Immunocytometry system, and Jose, CA., 

USA). Briefly, 100 mm
3 

of whole blood was mixed with 10 mm
3
 of each monoclonal 

combination in separate tubes and incubated at room temperature for 20 minutes. Red blood 

cells were then lysed by adding 2ml of fluorescence activated cell sorter lysing solution 

(Becton Dickinson). After vortexing, tubes were incubated in the dark at room temperature 

for 10 minutes and centrifuged at 300xg for 5 minutes. Then the cell pellet was washed once 

with 2ml of Isoton, resuspended in 500 mm
3
 of Isoton, and analyzed with simulset software 

(Becton Dickinson) of the FACScan. The cells were acquired on FACSort and analysed in 

Simulset software (BD). Gating for lymphocytes was carried out by Leucogate reagent 

(CD45CD14 antibody BD, USA).  

 

3.8. Data Analysis 

 

The data were entered, coded, cleaned and analyzed using SPSS version 20.0. Data were 

summarized using frequency tables. Chi square (X
2
) was used to verify possible association 

between the prevalence of opportunistic diseases and the CD4
+
 T-cell counts of the study 
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participants. The effect of the opportunistic disease on the CD4
+
 T-cell counts of the study 

participants was measured by using the Spearman coefficient of correlation and its 

associated p-value. Logistic regression analysis was done for variables significant at bi-

variant analysis and odds ratio was also used as the measure of the degree of association 

between the dependent variable and the co-variants. The data were arranged in a 2x2 

contingency table before manual analysis. For example, the HIV patients were grouped as 

HAART naive and on HAART and further grouped into those with and without the selected 

opportunistic disease. The strength of the association was measured by using the odds ratio 

and its associated p-value. In all cases Values were considered to be statistically significant 

when the p-value obtained was less than or equal to 0.05. 

 

3.9. Data Quality Control  

 

CD4
+ 

T-lymphocyte count is often the only available tool for disease progression monitoring 

during ART, therefore maintaining consistent and reliable test performance is important to 

maintain quality patient management. Quality control is associated with the reduction of 

error. It is defined as the systematic procedure in the laboratory to evaluate and monitor the 

accuracy and precision of the CD4
+ 

T-lymphocyte measurement. Quality control includes 

monitoring both between (inter) and within (intra) laboratory performance. It is to assure the 

day to day consistency of CD4
+ 

T-lymphocyte enumeration. To ensure quality control, all the 

laboratory procedures including collection and handling of specimens were carried out in 

accordance with standard protocols (NCCLS, 1997; WHO, 1991). All the reagents were 

checked for contamination each time. To ensure general safety, disposable gloves were worn 

and universal bio-safety precautions (NCCLS, 2002) followed at all times. Federal Ministry 

of Health guideline for management of OIs and ART was strictly followed during clinical 

assessment of OIs to maintain data quality. The CD4
+
 T-cell count was done after running 

control beads to check whether the CD4
+
 T-cell counting machine was working properly or 

not. Moreover data collector nurses were given supportive supervision to maintain data 

quality. 

 

For quality control of the concentration method, preserved stool specimens known to contain 

parasite ova and larvae were included in each batch of sample to be concentrated to ensure 



40 

 

that the procedures are precise. The microscope used for this research was calibrated, and 

the objectives and oculars used for the calibration procedure were used for all measurement 

done with the microscope. To ensure accurate identification of parasite species, diagrams of 

various parasite ova and larvae from the parasitological manual and atlas were reviewed 

based on WHO (1998).  

 

To maintain the quality of the data, pretest was done before the actual data collection and 

appropriate modifications were instituted to the data collection format. Moreover, before 

collecting information about socio-demographic data including sex, age, ART status, 

diarrheal cases, WHO cycle stages and CD4
+
 T-cell counts of the study participants, training 

was given to all data collectors and assistants to collect quality data. 

  

3.10. Ethical Consideration 

 

First the proposal was reviewed and approved by the Hospitalôs Research Ethical Review 

committee of BGH, Butajira. Before conducting the investigation, the investigator discussed 

with concerned bodies in the study area and their agreement was obtained after the 

objectives and purpose of the study were explained to BGH administrative officials. Ethical 

approval was then obtained from the Hospital. Similarly, the study participants were 

informed about the purpose of the study and kindly asked to participate and permission was 

obtained before the actual investigation. Parents or caretakers were also oriented in the case 

of children .The participation of patients, however, was purely a voluntary activity and their 

right not to participate was respected. The study participants diagnosed positive for 

opportunistic infections were treated free of charge with appropriate drugs which were 

provided by the Hospital. All OI positive patients were given treatment at the ART clinic as 

per the OI treatment guideline. The prescription on how to use the drug was given by health 

center pharmacist. 
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4. RESULTS AND DISCUSSION 

 

4.1. Socio-Demographic Characteristics of Study Participants 

 

The socio-demographic characteristics of the study participants were summarized and 

presented in Table 2. As the result shows, a total of 384 HIV sero-positive individuals 

participated in the present study. Of these, 178(46.4%) and 206(53.6%) were males and 

females, respectively. The study participants were divided into three age groups: < 18, 18-45 

and Ó 46 years. The mean age of the study population was 34.11 years old, and the 

minimum and maximum age of the study participants were 13 and 61 years, respectively. 

14(3.6%) of the participants were < 18 years old, 317(82.6%) were 18-45 years old and 

53(13.8%) were Ó 46 years old. More than 50% of the study participants were in the age 

group of 18-45 years old (Table 2). 

 

As shown in Table 2, 73(19%), 111(28.9%), 128(33.3%) and 72(18.8%) of the study 

participants were illiterate, primary school education complete, secondary school education 

complete and diploma and above, respectively. Regarding their occupation, 139(36.2%) of 

the patients were private worker, followed by unemployed, 101(26.3%); students, 

76(19.8%); and civil servants 68(17.7%). The majority, 183(47.7%), of the study 

participants were single, while 88(22.9%), 65(16.9%) and 48(12.5%) were married, 

separate/divorced and widowed, respectively. 240(62.5%) of the study participants had 

latrines in close vicinity of their homes. The remaining 144(37.5%) did not have latrines at 

their homes. 118(30.7%) and 266(69.3%) were with poor life skills and personal hygiene 

and good personal hygiene and life skills, respectively. 311(81%) and 73(19%) of the study 

participants had family size of Ò 5 and Ó 6 persons per house, respectively. 119 (31%) and 

265(69%) of the study participants had poor and good awareness about HIV infection, 

respectively. However, 243(63.3%) and 141(36.7%) had poor and good awareness about 

opportunistic infections, respectively. From a total of 384 study participants, 264(68.8%) 

were from urban and 120(31.2%) were from rural settings (Table 2). 
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Table 2. Some socio-demographic characteristics of the study participants (n=384) in  

            Butajira General Hospital, from March-June, 2014. 

Characters  Frequency (%) 

Age ( years):     

                <18  14 (3.6) 

                18-45  317 (82.6) 

                 Ó46  53 (13.8) 

Sex:     

                Male    178 (46.4) 

                Female  206 (53.6) 

Education status:   

                 Illiterate  73 (19.0) 

                 Primary  111 (28.9) 

                 Secondary          128 (33.3) 

                 Diploma and above  72 (18.8) 

Occupation:    

                Student  76 (19.8) 

                Civil servant  68 (17.7) 

                Private works  139 (36.2) 

                Unemployment  101 (26.3) 

Marital status:     

                Married  88 (22.9) 

                Separated/divorced  65 (16.9) 

                Widowed  48 (12.5) 

                Single  183 (47.7) 

Latrine facility at home:    

                Present                             240 (62.5) 

                Absent  144 (37.5) 

Personal hygiene and  life skills:    

                Poor                                   118 (30.7) 

                Good  266 (69.3) 

Family size:    

                Ò 5  311 (81.0) 

                Ó 6  73 (19.0) 

Level of knowledge and awareness about HIV:    

                Poor                                      119  (31.0) 

                Good  265 (69.0) 

Level of knowledge and awareness about 

opportunistic infection: 

  

                Poor  243 (63.3) 

                Good  141 (36.7) 

Residence :     

                Urban        264 (68.8) 

                Rural  120 (31.2) 
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4.2. Clinical Features and Morbidity Related Characteristics of Study Participants 

 

The clinical features and morbidity related characteristics of HIV sero-positive individuals 

who were attending in Butajira General Hospital are summarized and presented in Table 3. 

Out of 384 study participants, 80(20.8%) were with TB and 223(58.1%) without TB cases. 

On the other hand, 73(19%) of the study participants were with oral candidiasis and 

230(59.9%) were without oral candidiasis. 81(21.1%) of the study participants were infected 

by both Mycobacterium tuberculosis and Candida spp and they were with both TB and oral 

candidiasis disease. In 181(47.1%) of the study participants cough was present and it was 

absent in 203(52.9%) individuals; and in 157(40.9%) of the study participants oral white 

patches/oral lesion was present and it was absent in 277(59.1%) individuals.16(4.2%) study 

participants were infected by Cryptosporidium spp. and they were with cryptosporidiosis 

disease while 95(95.8%) were not. 19(4.9%) were infected by Isospora spp and show 

isosporidiasis and 365(95.1%) were not infected. Microsporidia infections was observed 

only on 4(1%) of the study participants. Concerning occurrence of diarrheal condition, out 

of 384 stool samples collected from study participants, 334(87%) were non diarrheal, while 

50(13%) were with diarrheal stool (Table 3). Although HIV is the initial causative agent in 

AIDS, most of the morbidity and mortality seen in immunocompromised patients results 

from OIs that take advantage of the lowered cellular and humoral defenses of the patient 

(Smith et al., 1998). Cough, oral white patches/oral lesion and diarrhea were the clinical 

features and morbidity related characteristics observed among the study participants. 

 

Regarding ART status of the study participants, 182(47.4%) had started ART while 202 

(52.7%) of the study participants had not started ART (Table 3). Regarding level of CD4
+
 T-

cell counts, 88(22.9%), 77(20.1%), 136(35.4%) and 83(21.6%) of the study participants had 

CD4
+
 T-cell counts of Ò 200, 200-349, 350-499 and Ó 500 cell/mm

3
, respectively. On the 

other hand, concerning WHO clinical stages of HIV sero-positive 69(18%), 169(44%), 

86(22.4%) and 60(15.6%) of the study participants were WHO stage I, WHO stage II, WHO 

stage III and WHO stage IV, respectively (Table 3). 
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Table 3. Morbidity related characteristics and clinical features of HIV sero-positive study  

             participants (n=384) in Butajira General Hospital, from March ï June, 2014. 

 

Characters  Frequency (%) 

Occurrence of opportunistic bacterial, fungal and 
parasitic diseases:   

  

TB   

                Yes  161 (41.9) 

                 No  223 (58.1) 
Oral candidiaisis   

                Yes   154 (40.1) 

                No  230 (59.9) 
TB and Oral candidiaisis   

                Yes   81 (21.1) 

                No  303 (78.9} 

Cryptosporidiosis   
                Yes   16 (4.2) 

                No  368 (95.8) 

Isosporidiosis   
                Yes   19 (4.9) 

                No  365 (95.1) 

Microsporidiosis   
                Yes   4 (1.0) 

                No  380 (99.0) 

ART condition:   

                Did not start  receiving ART  202 (52.6) 
                Start  receiving ART  182 (47.4) 

Cough:   

                Present   181 (47.1) 
                Absent  203 (52.9) 

Oral white patches/Oral lesion:   

                Present   157 (40.9) 
                Absent  227 (59.1) 

Occurrence of Diarrhea:    

                Diarrheic                                  50 (13.0) 

                Non-Diarrheic   334 (87.0) 
Level of CD4

+
 T-cell counts :    

                < 200 cells/ mm
3
  88 (22.9) 

                200 - 349 cells/ mm
3
  77 (20.1) 

                350 - 499 cells/ mm
3
  136 (35.4) 

                 Ó 500 cells/ mm
3
  83 (21.6) 

Clinical stages  of  HIV sero-positive patient:   

WHO-Stage-I  69 (18.0) 
WHO-Stage-II   169 (44.0) 

WHO-Stage-III   86 (22.4) 

WHO-Stage-IV  60 (15.6) 
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TB and oral candidiaisis coinfections, TB, oral candidiaisis, isosporidiasis, cryptosporidiosis 

and microsporidiosis  diseases were the commonest accounting for 21.1%, 20.8%, 19.0%, 

4.9, 4.2 and 1.0 % of cases respectively. In this study the most frequent opportunistic 

diseases seen in the study participants were similar to those documented in HIV seropositive 

individuals in other low-income settings with TB and candidiasis being the leading diseases 

(Seyler et al., 2007).  

 

The types of the ODs at intake in the ART clinics in the present study hospital were ranging 

from the common oral candidiasis to the life threatening tuberculosis and opportunistic 

intestinal parasitic diseases which includes isosporidiasis, cryptosporidiosis and 

microsporidiosis. The results of this study (Table 3) compared more or less in a similar 

manner to studies done in Ethiopia previously and in other countries. According to WHOôs 

2007 report, the prevalence of all forms of TB in Ethiopia was estimated at 546 per 100,000 

populations (0.005%); which is far lower than the present finding (20.8%) of this study. This 

implies that TB infection is one of the major opportunistic diseases among HIV-infected 

people even in high TB burden countries including Ethiopia. This finding was in line with 

studies from India which revealed tuberculosis as a major OD identified (Manisha et al., 

2009). However another study conducted in India revealed that oral candidiasis (53.43%) 

followed by chronic diarrhea (47.05%) were the commonest ODs identified while TB stands 

fourth with the prevalence of 35.29% (Kallol et al., 2011). Despite the similarity in the order 

of ODs in different studies there was still a disparity in the magnitude of each ODs; this 

might possibly be explained by differences in the prevalence of the OIs which causes the 

disease in the general population or differences in the methodology and OI screening criteria 

used. 

 

Among the opportunistic diseases observed in the present study, only TB and oral 

candidiasis together were observed as co-infections in the study participants (Table 3.). The 

frequency of occurrence (prevalence rate) of this coinfection was 81(21.1%). Higher 

proportion of TB and oral candidiasis co-infection in this study might be explained by 

higher prevalence rate of candidiaisis, which causes oral lesions and enhances the invasion 
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of TB, among the study subjects. Dual and triple OIs were also reported from study in India 

(Kallol et al., 2011). However triple infection cases were not observed among the study 

participants in the present study. Residents of sub-Saharan Africa experience more illness 

than people in other continents. This is due to the presence of endemic infectious diseases 

coupled with HIV-infection and opportunistic infections.  

 

WHO recommends antiretroviral therapy in all adolescents, adults and pregnant women with 

a CD4
+
 T-cell count less than 350 cells/mm

3
 or those with clinical sign and symptoms 

regardless of CD4
+
 T-cell count (Vogel et al., 2010; WHO, 2010). Benefits of treatment 

include a decreased risk of progression to AIDS (Sterne et al., 2009); improves physical and 

mental health (Beard et al., 2009), a decreased risk of transmission of the disease to sexual 

partners and a decrease in mother- to- child transmission (WHO, 2010). However, it is 

pertinent to note that those with severe and advanced clinical disease (WHO clinical stage-

III and IV) should start ART irrespective of their CD4
+
 T-cell count. 

 

In this study, among the study participants 219 (57.0%) had CD4
+
 T-cell count of above 349 

cells/mm
3
 whereas, 77 (20.1%) and 88 (22.9%) had CD4

+
 T-cell count of 200-349 cells/mm

3 

and less than 200 cells/mm
3
, respectively. Even though the study participants with the higher 

CD4
+
 T-cell counts ( > 349 cells/mm

3
) were higher in number, most (44%) of the study HIV 

seropositive participants were under WHO clinical stage II and show clinical manifestations 

such as cough and oral ulceration. However, most (52.6%) of the study HIV seropositive 

participants did not start receiving ART. This is probably due to the delay of the participants 

to follow up ART services in the present study hospital. This on the other hand might also 

be due to the poor level of knowledge and awareness about opportunistic infections by most 

(63.3%) of the study participants. 
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4.3. Prevalence of some Opportunistic Bacterial, Fungal and Parasitic Diseases among 

       HIV Sero-Positive Individuals  

 

The results of the prevalence of tuberculosis (TB), oral candidiaisis, cryptosporidiosis, 

isosporiasis and microsporidiosis among HIV sero-positive individuals who were attending 

in Butajira General Hospital are summarized and presented in Table 4. According to this  

study, the prevalence of cryptosporidiosis, isosporiasis, microsporidiosis, tuberculosis (TB), 

oral candidiaisis and both TB and oral candidiasis together were 4.2%, 4.9%, 1%, 20.8%, 

19% and 21.1%, respectively. Comparatively, tuberculosis (TB), oral candidiasis and both 

TB and oral candidiaisis together were more prevalent than the other opportunistic diseases 

(Table 4). 

 

In present study, among the opportunistic intestinal parasitic diseases, cryptosporidiosis and 

isosporiasis were the commonly and frequently observed. On the other hand TB and oral 

candidiasis were among the prevalent diseases. On the other side, cryptosporidiosis and 

microsporidiosis were found only in age groups 15-30 and 31-45, but the other opportunistic 

diseases was found in all age groups (Table 4).  

 

Although, this study shows that prevalence of cryptosporidiosis, isosporidiasis, 

microsporidiosis , tuberculosis , oral candidiasis diseases and TB and oral candidiaisis co-

infections was not statistically significantly differ between male and female in all age groups 

(P > 0.5 ), however, all of those diseases were highly significantly (X
2 

= 49.71, P = 0.002) 

associated in all age of the study HIV sero-positive individuals. 

 

The prevalence of cryptosporidiosis in this study was 4.2%. This report was lower than the 

previous studies done in different part of the world including Ethiopia. That was 11% from 

South Western Ethiopia (Jimma) by Awole et al., (2003), 8.7% from Gonder (Telele et al., 

2010), 25% from Nekemte (Dufera, 2008), 19.04% from Cameroon (Nkenfou et al., 2013) 

and 31.4% from Nepal (Sucilathgam et al., 2011). However, the present study was higher 

than that of 1.5% prevalence of same parasitic disease reported from Dessie Hospital 

(Missaye et al., 2013). On the other hand, the finding of the present study with respect to 
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cryptosporidiosis was in line with 5.7%, 6.4%, 5.6% and 7.5% prevalence of the same 

parasitic disease from Nigeria, Cameroon, China and Ivory coast (Okudua et al., 2003; Li-

Guang et al., 2013; and Lehman et al., 2012), respectively. This variation in prevalence of 

cryptosporidiosis among HIV sero-positive individual might be due to immunity status of 

the study participants (Gupta et al., 2008). 

 

The prevalence of isosporiasis (4.9%) in present study was lower than that of the previous 

report (11.7%) from Nekemte (Dufera, 2008) and 10% from Jimma (Zeynudin et al., 2013). 

But it was quite higher than the report from Gonder (2.4%), and 1.4% from Addis Ababa 

(Tadesse et al., 2005) and 0.9% from Dessie Hospital (Missaye et al., 2013). However, 

results of the present study was comparable with reports of the previous studies on the same 

parasitic disease that was 5%, 4.8%, 5% and 3.9% from Thailand, Brazil, selected ART 

center from Adama, Afar and Dire-Dawa, and Jimma, respectively (Wiwanitkit., 2001; 

Rodrigues et al., 2008; Hayleyesus et al., 2009; Zelalem et al., 2008). This difference in 

prevalence of isosporiasis could be due to difference in the immune status of the study 

participants (Attilli  et al., 2006; Chin et al., 2006). 

 

In this study, the prevalence of microsporidiosis among the study HIV sero-positive 

individuals was 1%, this result was much lower than that of the previous report on the same 

parasitic disease, 17.2% in Ethiopia by Endeshaw (2005). In the present study the lower 

prevalence (1.0 %) obtained was a reflection of the low sensitivity of the diagnostic 

(microscopy) method used. Such low prevalence was also reported from India (Sehgal et al., 

2001) that used similar diagnostic methods (microscopy). On the other hand, a prevalence of 

17.4% was reported among paediatric patients in Uganda by using a highly sensitive, DNA 

analysis ï polymerase chain reaction method (Tumwine et al., 2002). 

 

The prevalence of tuberculosis (20.8%) in the present study was lower than the previous 

study (55%) from Tikur Anbessa teaching hospital (Daniel, 2000; Dawit and Tsehaynesh, 

2003). Among the 80 HIV/AIDS patients having only TB in this study, 33(8.6%) were 

males and 47 (12.2%) were females and this agrees with previous reports by Tadesse and 

Tadesse, (2013) from Ethiopia indicating higher prevalence of TB in females than males. 
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This is probably related to the high incidence of HIV infection in females which predisposes 

them to TB as the former is known to activate dormant TB. Women, who have a higher 

susceptibility to HIV infection, are usually exposed to sexual activities earlier than men 

mainly for economic reasons (Tadesse and Tadesse, 2013). 

 

The age distribution in the present study reveals high prevalence of TB and HIV 

coinfections among the age group 31-45 years (28.6%) followed by 15-30 years (15.5%). 

The higher prevalence of HIV and TB co-infection among younger age group in this study 

was consistent with the findings of other studies (Tessema et al., 2009; Berhe et al., 

2012).This result may reflects the age-specific prevalence of HIV in the community. This 

may be related to patients being in a sexually active age group in which both TB and HIV 

prevail most (Tessema et al., 2009; Berhe et al., 2012). 

 

Oral candidiasis is generally the most common lesions reported among HIV positive 

individuals in most African studies. The prevalence ranges from 15% to 80% in HIV/AIDS 

patients (Holmes and Stephen, 2002).The prevalence of oral candidiaisis (19.0%) in the 

present study lies in this range too, but it was higher than the previous report (16.4%) from 

Zewiditu Memorial Hospital (Kahsay et al., 2008). 

 

TB and oral candidiasis coinfection (21.1%) was observed in the present study. Higher 

proportion of TB and oral candidiasis co-infection in this study might be explained by 

higher prevalence rate of these two ODs among the study subjects. Dual and triple OIs were 

also reported from study in India (Kallol et al., 2011). 

 

The present study revealed that TB and oral candidiasis coinfections followed by 

tuberculosis, oral candidiaisis, isosporiasis, cryptosporidiosis and microsporidiosis emerged 

as the predominant opportunistic diseases identified with prevalence of 21.1%, 20.8%, 19.0 

%, 4.9%, 4.2%, and 1%, respectively The prevalence of all of those diseases were not 

significantly differ (P > 0.05) among any of the age groups of the study HIV seropositive 

individuals (Table 4). 
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Table 4. Prevalence of cryptosporidiosis, isosporiasis, microsporidiosis, tuberculosis and oral candidiasis among HIV sero-positive    

 

       individuals (n=384) who were attending in Butajira General Hospital, from March - June, 2014. 

 

  Key: Crypto. = Cryptosporidiosis, Iso. = Isosporidiosis, Micro. = Microsporidiosis, TB = Tuberculosis, O. cand. = Oral candidiasis,  

                  TB and O.cand.  = Tuberculosis and Oral candidiasis, No. Pos. = Number of positive, No. Ex. = Number of Examined, X
2
 = Chi-square  

 

 
 

Age Group 

(Year) 
and Sex  

 
 

No. 

Ex. 

Opportunistic Parasitic, Fungal and Bacterial Diseases   
X

2
 

 
P-

value Crypto. Iso. Micro. TB. O. cand. TB and  

O.cand. 

No. Pos. (%) No. Pos. (%) No. Pos. (%) No. Pos. (%) No. Pos. (%) No. Pos. (%) 

Ò 14          

      Male 0 -- -- -- -- -- -- -- -- 

      Female 1 -- -- -- -- -- -- -- -- 
15-30          

      Male 66 1 (1.5) 6 (9.1) 1 (1.5) 7 (10.6) 13 (19.7) 19 (28.8) 6.525 0.367 

      Female 89 5 (5.6) 7 (7.9) 2 (2.2) 17 (19.1) 9 (10.1) 21 (23.6) 

31-45          
      Male 88 5 (5.7) 3 (3.4) 0 (0.0) 22 (25.0) 22 (25.0) 12 (13.6) 4.330 0.632 

      Female 87 5 (5.7) 1 (1.1) 1 (1.1) 28 (32.2) 19 (21.8) 7 (8.0) 

46-55          
      Male 20 -- 0 (0.0) -- 4 (20) 3 (15) 9 (45.0) 4.091 0.394 

      Female 22 -- 1 (4.5) -- 1 (4.5) 5 (22.7) 8 (36.4) 

Ó 56          

      Male 4 -- 1 (25.0) -- 0 (0.0) 0 (0.0) 2 (50.0) 3.654 0.455 
      Female 7 -- 0 (0.0) -- 1 (14.3) 2 (28.6) 3 (42.9) 

All age groups          

      Male 178 6 (1.6) 10 (2.6) 1 (0.2) 33 (8.6) 38 (9.9) 42 (10.9) 4.748 0.577 
      Female 206 10 (2.6) 9 (2.3) 3 (0.8) 47 (12.2) 35 (9.1) 39 (10.2) 

Total 384 16 (4.2) 19 (4.9) 4 (1.0) 80 (20.8) 73 (19.0) 81 (21.1) 49.718 0.002 

         X
2
 -- 3.431 7.577 2.145 3.801 12.267 13.625 -- -- 

         P-value -- 0.488 0.108 0.709 0.434 0.065 0.083 -- -- 
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Prevalence of opportunistic parasitic protozoa, fungal and bacterial diseases among HIV 

sero-positive individuals with or without ART are depicted in Table 5. 202(52.6%) of the 

study HIV sero-positive individuals did not started ART, while 182 (47.4%) had started 

ART. According to the present study, the prevalence of cryptosporidiosis, isosporsiasis, 

microsporidiosis, oral candidiasis, TB and both oral candidiasis and TB among the study 

HIV sero-positive individuals who did not begin ART was, 4%, 3%, 2.9%, 21.3%, 25.2% 

and 7.4%, respectively (Table 5). 

 

On the other hand, the prevalence of cryptosporidiosis, isosporsiasis, microsporidiosis, oral 

candidiasis, TB and both oral candidiasis and TB among the study HIV sero-positive 

individuals who were receiving ART was 4.4%, 7.1%,  0%, 20.3%, 12.1% and 36.3%, 

respectively. The overall prevalence of cryptosporidiosis, isosporsiasis, microsporidiosis, 

oral candidiasis, TB and both oral candidiasis and TB among study participants who were 

receiving ART and did not receiving ART was 4.2%, 4.9%, 1%, 20.8%, 19% and 21.1% 

respectively (Table 5). Thus, the result of this study indicates that participants with low 

CD4
+
 T-cell count at Pre-ART level initiated with HAART were more prone to ODs, AIDS 

defining illness like advanced clinical stage were observed. It was observed that HIV 

seropositive individual with higher baseline CD4
+
 T-cell count and with no opportunistic 

disease i.e. lesser degree of immune suppression. Similar observations have been reported in 

adults by Lawn et al., (2006), but seldom reported in children. This could be attributed to 

overwhelming opportunistic infections observed with higher degrees of immune 

suppression.  

 

Early inception of HAART mainly helps the patients to maintain better CD4
+
 T-cell count 

with good immune systems and they are less prone to infection(s) with OI(s) and it also 

reduces the progression of disease, mortality and HIV viral load. Hence earlier detection and 

higher baseline CD4
+
 T-cell count improve the outcome of antiretroviral treatment (Lawn et 

al., 2006). However in this study it was observed that the prevalence of cryptosporidiosis, 

isosporidiosis and the co-infection of TB and oral candiasis disease was relatively higher 

among the study HIV sero-positive individuals who start receiving ART than those HIV 

sero-positive individuals who did not start receiving ART (Table 5.).  



52 

 

Thus, this high prevalence of those diseases among ART receiving participants might be due 

to the delay of starting receiving the drug. The result of this study indicated that the study 

participants who started antiretroviral treatment were with more advanced 

immunodeficiency status (lower baseline CD4
+
 T-cell count). The possibility of having the 

higher prevalence of the diseases after ART could be due to the fact that the participants 

with advanced diseases came to the hospital for medical help without earlier follow up of 

ART counseling service in the hospital. Lower baseline CD4
+
 T-cell counts therefore 

correlate with poor immune responses as well as opportunistic infections and thus determine 

the degree of morbidity and mortality related to HIV/AIDS as reported also by Lawn et al., 

(2006). The result in table 5 showed that the prevalence of cryptosporidiosis, isosporidiasis, 

microsporidiosis, tuberculosis, oral candidiasis diseases and TB and oral candidiaisis co-

infections were not significantly differ (P > 0.05) among females and males of those HIV 

sero-positive individuals who had started and one who didnôt start ART. Overall, all of those 

diseases were highly significantly associated in all of the study HIV sero-positive 

individuals with and without ART (X
2 

= 63.494, P = 0.000).This probably due to the delay 

of starting receiving HAART by the study HIV sero-positive individuals. 

 

The prevalence of oral candidiasis diseases and TB and oral candidiaisis co-infections were 

significantly differ (P < 0.05) among those HIV sero-positive individuals who had started 

and the one who didnôt start ART. The prevalence of oral candidiaisis was higher among the 

HIV seropositive individuals who did not start ART than those HIV seropositive individuals 

who did start receiving ART. However the prevalence of TB and oral candidiasis 

coinfections was higher in those HIV seropositive individuals who did start receiving ART. 

Therefore, in the study hospital, delayed enrollment of the study participants in ART 

program could be attributed by several factors. One possible factor may be due to fear of 

stigma. In Ethiopia, only one third of HIV infected persons disclosed their HIV status to 

their partner (Degefa et al., 2003) further compromising the utilization of the counseling and 

testing, and ART services. A similar observation was made among South Africans where 

patients stared ART program with advanced immunodeficiency status (Burns et al., 2001). 

These findings indicate urgent need to promote early and enhanced HIV testing to enable 

HIV/AIDS patients to benefit from the expanding ART services.  
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Table 5. Prevalence of opportunistic parasitic, fungal and bacterial diseases among HIV sero-positive individuals (n=384) with and without  

              ART services at Butajira General Hospital, from March ï June, 2014. 

 

 

 

Study Participants 

 and their ART  

Conditions 

 

 No. 

Ex. 

 

Opportunistic Diseases 

  

 

X
2
 

 

 

P-value  

Crypto. 

 

Iso. 

 

Micro. 

 

TB 

 

O. cand. 

 

TB and O.can 

 

No. Pos. (%) 

 

No. Pos. (%) 

 

No. Pos. (%) 

 

No. Pos. (%) 

 

No. Pos. (%) 

 

No. Pos. (%) 

Did not start ART         

 

6.875 

 

 

0.333 

 Male 99 6 (6.1) 4 (4.0) 1 (1.0) 19 (19.2) 28 (28.3) 9 (9.1) 

 Female 103 2 (1.9) 2 (1.9) 3 (2.9) 24 (24.3) 23 (22.3) 6 (5.8) 

 Subtotal 203 8 (4.0) 6 (3.0) 4 (2.9) 43 (21.3) 51 (25.2) 15 (7.4) 

Start receiving ART         

 

7.864 

 

 

0.164 

 Male 79 0 (0.0) 6 (7.6) -- 14 (17.7) 10 (12.7) 33 (41.8) 

 Female 103 8 (7.8) 7 (6.8) -- 23 (22.3) 12 (11.7) 33 (32.0) 

 Subtotal 182 8 (4.4) 13 (7.1) -- 37 (20.3) 22 (12.1) 66 (36.3) 

 Total 384 16 (4.2) 19 (4.9) 4 (1.0) 80 (20.8) 73 (19.0) 81 (21.1) 63.494 0.000-- 

          X
2
 -- 0.045 3.544 -- 20.565 9.797 43.362 -- -- 

          P-value -- 0.831 0.060 -- 0.080 0.002 0.000 -- -- 

  Key: Crypto. = Cryptosporidiosis, Iso. = Isosporidiosis, Micro. = Microsporidiosis, TB = Tuberculosis, O. cand. = Oral candidiasis,  

         TB and O.cand.  = Tuberculosis and Oral candidiasis, No. Ex = Number of Exmined, No. Pos. = Number of positive, X
2
 = Chi-square  



54 

 

Prevalence of opportunistic parasitic, fungal and bacterial diseases among HIV sero-positive 

individuals with diarrhea and without diarrhea was depicted in Table 6. Of the total 384 

stool samples, 91(23.7%) were diarrheic and 293(76.3%) were non-diarrheic. Out of these, 

62 (16.1%) and 29 (7.6%) of diarrheal stools were from young and adult age group, 

respectively; 65 (16.9%) and 228 (59.4%) of non-diarrheal stools were from young and adult 

age group respectively (Table 6). 

 

Prevalence of cryptosporidiosis, isosporsiasis, microsporidiosis and TB among HIV sero-

positive individuals with diarrheal condition in young group was 4.8%, 19.4%, 4.8% and 

1.6%, respectively. But, oral candidiasis and both TB and oral candidiasis were not present 

in the diarrheic young HIV sero positive individuals. Prevalence of TB, oral candidiasis and 

both TB and oral candidiasis in non-diarrheal young HIV sero-positive individual was 20%, 

12.3% and 55.4%, respectively. But cryptosporidiosis, isosporsiasis and microsporidiosis 

were not found in the study individuals (Table 6). 

 

Prevalence of cryptosporidiosis, isosporsiasis, microsporidiosis, TB, oral candidiasis and 

both TB and oral candidiasis among adult HIV sero-positive individuals with diarrhea was 

44.8%, 2.4%, 3.4%, 6.9%, 3.4% and 17.2%, respectively. On the other hand, prevalence of 

TB, oral candidiasis and both TB and oral candidiasis in non-diarrheal adult HIV sero-

positive individuals was 28.1%, 24.1% and 17.5%, respectively. But cryptosporidiosis, 

isosporsiasis and microsporidiosis were not found in non-diarrheal stool samples both in the 

adult and the young study HIV sero-positive individuals (Table 6). 

 

Thus, the overall prevalence of cryptosporidiosis, isosporsiasis, microsporidiosis, TB, oral 

candidiasis and both TB and oral candidiasis among all the study HIV sero-positive 

individuals with diarrheal conditions were 16.5%, 20.9%, 4.4%, 3.3%, 1.1% and 17.2%, 

respectively. Moreover the overall prevalence of TB, oral candidiasis and both TB and oral 

candidiasis among the study HIV sero-positive individuals with non-diarrheal conditions 

were 28.1%, 24.1% and 17.5%, respectively. But, cryptosporidiosis, isosporsiasis, 

microsporidiosis were not detected in non-diarrheal stool (Table 6). 
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Diarrhea is the most frequent disease manifestation among AIDS patients. The high 

frequency of diarrhea recorded in the present study was associated with the presence of 

opportunistic intestinal parasites- C.parvum, I.belli and the microsporidia. This finding was 

similar with what was reported by Feitosa et al., (2001), Wiwanitkit (2001) and Chen et al., 

(2002) for cryptosporidiosis, isosporsiasis, and microsporidiosis -induced diarrhea in both 

developing and developed countries. 

 

The result in Table 6 shows that the occurrence of cryptosporidiosis, isosporsiasis, 

microsporidiosis, TB, oral candidiasis diseases and both TB and oral candidiasis 

coinfections between the young and the adult study participants did not significantly differ 

(P > 0.05). However, in the present study, there was significant difference (P < 0.05) in the 

occurrence of cryptosporidiosis, isosporsiasis, and microsporidiosis among the diarrheic and 

non-diarrheic HIV sero-positive individuals. The presence of cryptosporidiosis, 

isosporsiasis, and microsporidiosis among HIV sero-positive individuals was significantly 

(X
2 

= 193.4; P = 0.000) associated with diarrhea (Table 6). Similarly, there were previous 

studies by Hayleyesus and Beyene (2009) and Naik et al., (2012) which showed that 

diarrhea can be caused by opportunistic intestinal parasites among HIV sero-positive 

individuals.  

 

Organisms causing diarrhea are usually self-limiting but at the end stage of AIDS 

approaches they are known to be life threatening too. Patients with C.parvum, I.belli and the 

microsporidia infections accompanied with profound and persisting diarrhea have low CD4
+
 

T-cell counts (Hayleyesus and Beyene, 2009). Thus, appropriate management of 

opportunistic infections was as important as antiretroviral therapy in preventing mortality 

and morbidity among HIV sero-positive individuals. 
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Table 6. Prevalence of opportunistic bacterial, fungal and parasitic diseases among HIV sero-positive individuals (n=384) with and  

                 Without diarrhea in Butajira General Hospital, from March ï June, 2014. 

 

 

Key: Crypto. = Cryptosporidiosis, Iso. = Isosporidiosis, Micro. = Microsporidiosis, TB= Tuberculosis, O.cand. = Oral candidiasis,                 

    TB and O.cand.  = Tuberculosis and Oral candidiasis, No. Pos. = Number of positive, No. Ex. = Number of Examined, X
2
 = Chi-square 

 

 
 

Study  

Participants  
 

 
 

Diarrhea  

condition 

  

 
No.  
Ex. 

 

Opportunistic Diseases 
 

  

Crypto. Iso. Micro. TB O. cand. TB and  

O. cand. 
 

X
2
 

 

P-value 

 

No. Pos. (%) 

 

No. Pos. (%) 

 

No. Pos. (%) 

 

No. Pos. (%) 

 

No. Pos. (%) 

 

No. Pos. (%) 

Young 

(<30 years) 

         

 

 
 

 

 

120.1 

 

 

 
 

 

 

0.000 

 Male Diarrheic 50 1 (11.1) 6 (66.7) 1 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 
  Non-Diarrheic 9 0 (0.0) 0 (0.0) 0 (0.0) 5 (10.0) 10(20.5) 18 (36.0) 

 Female Diarrheic 12 2 (16.7) 6 (50.0) 2 (16.7) 1 (8.3) 0 (0.0) 0 (0.0) 

  Non-Diarrheic 56 0 (0.0) 0 (0.0) 0 (0.0) 8 (14.3) 7 (12.1) 18 (32.1) 

 Subtotal Diarrheic 62 3 (4.8) 12 (19.4) 3 (4.8) 1 (1.6) 0 (0.0) 0 (0.0) 
  Non-Diarrheic 65 0 (0.0) 0 (0.0) 0 (0.0) 13 (20.0) 8 (12.3) 36 (55.4) 

Adult 

(Ó30 years) 

         

 

 
 

 

 
94.6 

 

 

 
 

 

 
0.000 

 Male Diarrheic 15 5 (33.3) 4 (26.7) -- 2 (13.3) 1 (6.7) 3 (20.0) 
  Non-Diarrheic 104 0 (0.0) 0 (0.0) -- 26 (25.0) 27 (26.0) 21 (20.2) 

 Female Diarrheic 14 8 (57.1) 3 (21.4) 1 (7.1) 0 (0.0) 0 (0.0) 2 (14.3) 

  Non-Diarrheic 124 0 (0.0) 0 (0.0) 0 (0.0) 38 (30.6) 28 (22.6) 19 (15.3) 

 Subtotal Diarrheic 29 13 (44.8) 7 (2.4) 1 (3.4) 2 (6.9) 1 (3.4) 5 (17.2) 

  Non-Diarrheic 228 0 (0.0) 0 (0.0) 0 (0.0) 64 (28.1) 55 (24.1) 40 (17.5) 

Total Diarrheic 91 15 (16.5) 19 (20.9) 4 (4.4) 3 (3.3) 1 (1.1) 5 (5.5)  

193.0 

 

0.000 Non-Diarrheic 293 0 (0.0) 0 (0.0) 0 (0.0) 77 (26.3) 63 (21.5) 76 (25.9) 

         X
2
 -- -- 1.547 8.174 3.210 0.510 0.209 0.823 -- -- 

       P-value -- -- 0.214 0.084 0.073 0.475 0.647 0.071 -- -- 
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The WHO (2007) classifies HIV-associated clinical disease as stage -I (asymptomatic), 

stage-II (mild symptoms), stage-III (advanced symptoms) and stage-IV (severe symptoms). 

As shown on table 7, 69 (17.9%), 169 (44%), 86 (22.4%) and 60 (15.6%) of the study 

participants were on WHO stage- I, II, III and IV, respectively. The prevalence of TB was 

8.7% among the study HIV sero-positive individuals with WHO clinical stage-I. Other 

opportunistic diseases were not detected among these individuals in this stage (WHO stage-

I). In the study HIV sero-positive individuals with WHO stage-II  clinical grade, 

cryptosporidiosis, isosporsiasis and microsporidiasis were not identified. But prevalence of 

TB, oral candidiasis and both TB and oral candidiasis were 35.5%, 28.4% and 16.6%, 

respectively (Table 7).  

 

Prevalence of isosporsiasis, TB, oral candidiasis and both TB and oral candidiasis among the 

study HIV sero-positive individuals with WHO clinical stage-III was 2.3%, 14%, 25.6% and 

45.3%, respectively. But cryptosporidiosis and microsporidiasis were not detected in WHO 

stage-III. Prevalence of cryptosporidiosis, isosporsiasis, microsporidiosis, TB, oral 

candidiasis and both TB and oral candidiasis among the study HIV sero-positive individuals 

with WHO stage-IV was 26.7%, 28.3%, 6.7%. 3.3%, 5% and 23.5%, respectively. So, the 

prevalence of those opportunistic disease were significantly (P < 0.05) observed in the last 

stages (Stage-III and IV) (Table 7). Thus, this result was in agreement with the previous 

study in Addis Ababa which suggested that the chance of having the several types of 

opportunistic diseases was much higher in the HIV sero-positive individuals who were in 

stage-IV condition than in stage-III or stage-II condition (Gedlu, 2011). The present study 

was also in agreement with the WHO classification of HIV/AIDS symptomatology as 

explained in the medical literature (Parven and Michael 1998; Facuci, 2011). Accordingly, 

in HIV sero-positive individuals, the chance of having several types of opportunistic 

infection(s) or disease(s) was higher in the last WHO clinical stage of HIV/AIDS. In the 

present study, the HIV sero-positive individuals with the increasing grades of WHO clinical 

stage significantly (P < 0.05) had more chance of having the several types of opportunistic 

disease. Thus, severity of immune suppression (CD4
+
 T-cell decline) in the last stages of 

HIV sero-positive individuals may be due to increased immune activation in the patientôs 

body as a response to those opportunistic diseases. 
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Table 7. Prevalence of opportunistic bacterial, fungal and parasitic diseases among HIV sero-positive individuals with different WHO- 

             based clinical stages in Butajira General Hospital, during March ï June, 2014. 

 

 

Clinical  

Stages of HIV  

Sero-positive 

Individuals 

 

No.  
Ex. 

                                                       

                                               Opportunistic Diseases 

  

X
2
 

 

P-value 

Crypto. Iso. Micro. TB O. cand. TB and  

O. cand. 

No. Pos. (%) No. Pos. (%) No. Pos. (%) No. Pos. (%) No. Pos. (%) No. Pos. (%) 

WHO-Stage-I         

 

0.143 

 

 

0.705 

 Male 28 -- -- -- 2 (7.1) -- -- 

 Female 41 -- -- -- 4 (9.8) -- -- 

 Subtotal 69 -- -- -- 6 (8.7) -- -- 

WHO-Stage-II         

 

4.343 

 

 

0.201 

 Male 77 --  -- 23 (29.9) 28 (36.4) 12 (15.6) 

 Female 92 --  -- 37 (40.2) 20 (21.7) 16 (17.4) 

 Subtotal 169 --  -- 60 (35.5) 48 (28.4) 28 (16.6) 

WHO-Stage-III          

 

11.893 

 

 

0.004 

 Male 45 -- 1 (2.2) -- 6 (13.3) 9 (20.0) 23 (51.1) 

 Female 41 -- 1 (2.4) -- 6 (14.6) 13 (31.7) 16 (39.0) 

 Subtotal 86  2 (2.3) -- 12 (14.0) 22 (25.6) 39 (45.3) 

WHO-Stage-IV         

 

19.144 

 

 

0.000 

 Male 28 6 (21.4) 9 (32.1) 1 (3.6) 2 (7.1) 1 (3.6) 7 (25.0) 

 Female 32 10 (31.2) 8 (25.0) 3 (9.4) 0 (0.0) 2 (6.2) 7 (21.9) 

 Subtotal 60 16 (26.7) 17 (28.3) 4 (6.7) 2 (3.3) 3 (5.0) 14 (23.3) 

Total 384 16 (4.2) 19 (4.9) 4 (1.0) 80 (20.0) 73 (19.0) 81 (21.1) 163.3 0.000 

         X
2
 -- -- 83.415 -- 54.839 85.348 69.721 -- -- 

       P-value -- -- 0.000 -- 0.000 0.000 0.003 -- -- 

   Key: Crypto. = Cryptosporidiosis, Iso. = Isosporidiosis, Micro. = Microsporidiosis, TB= Tuberculosis, O. cand. = Oral candidiasis,  

      TB and O.cand.  = Tuberculosis and Oral candidiasis, No. Ex. = Number of Examined, No Pos. = Number of positive, X
2
 = Chi-square.
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4.4. Immunolgical Responses of HIV Sero-Positive Individuals 

 

The cell-mediated immune responses, particularly the CD4
+
 T-lymphocyte profile of HIV sero-

positive individuals who were visiting Butajira General Hospital during March ï June, 2014 are 

summarized and presented in Table 8. The result in table 8 showed the mean, the standard 

deviation and the maximum and the minimum CD4
+
 T-cell count of the study participants (n = 

384). From those participants only one was in the age group Ò 14 and with a mean of 591.00±0.00 

CD4
+
 T-cells/mm

3
. The mean CD4

+
 T-cell count of the participant in the age group between 15-30 

years was 385.39±134.211 cells/mm
3
 and with a maximum 751 CD4

+
 T-cells and a minimum 128 

CD4
+
 T-cells/mm

3
. Out this age group 66 (42.6%) were males and with a mean of 393.45±140.114 

CD4
+
 T-cells/mm

3
 and the rest 89 (57.4%) were females and with a mean of 379.42±130.141 CD4

+
 

T-cells/mm
3
. In the age group between 31-45 years, 88 (50.3%) was males and with a mean of 

348.15±130.451 CD4
+
 T-cells/mm

3
 and the rest 87 (49.7%) was females and with a mean CD4

+
 T-

cell count of 384.18±146.505 cells/mm
3
. The mean CD4

+
 T-cell count of the participant in the age 

group between 46-55 years was 294.74±156.505 cells/mm
3
 and with a maximum and minimum 

CD4
+
 T-cell count of 609 cells/mm

3
 and 103 cells/mm

3
, respectively. The minimum and the 

maximum CD4
+
 T-cell count of the participant in the group with age of Ó 56 years were 126 

cells/mm
3
 and 596 cells/mm

3
, respectively. And the mean CD4

+
 T-cell count of that age group was 

(310.82±156.780) cells/mm
3
. The mean CD4

+
 T-cell count of the participant in all age group was 

365.07 ± 142.365 cells/ mm
3
 with CI 95 %. 

 

The bodyôs adaptive immune system consists of cellular (cell-mediated) and humoral (antibody-

mediated) immunity. Most of the cells involved in the hostôs adaptive immune system are 

lymphocytes. Lymphocytes are including T-cells and B-cells. Thus, CD4
+ 

T-lymphocytes play a 

vital role in maintaining the integrity of the human immune system. They are also the primary 

target cells for human immunodeficiency virus. The progressive depletion of these cells 

eventually results in weakening of the hostôs immune ability to fight against any pathogen, thus 

rendering the host susceptible to infections and leading ultimately to death of patients in the 

terminal stage of acquired immune deficiency syndrome (Vajpayee et al., 2005). 
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In all age groups, the male HIV sero-positive individuals were found to have a lower CD4
+
 T-cell 

count (357.19±139.909 cells/mm
3
) than the femaleôs (371.87±144.447 cells/mm

3
) HIV 

seropositive individuals in the present study and also in the study done by Ghate et al., (2000) and 

Kumarasamy et al., (2008) report from India. This difference could be due to several reasons; a 

higher mean CD4
+
 T-cell in females might be due to early detection of HIV in female as when their 

counterpart husband/male found HIV positive, they were tested and HIV was detected in 

comparative very early stage of infection than males, who mostly only came to know about HIV-

positivity when they found some AIDS related secondary infections in the later stage of HIV. In 

addition, it may be due to a sex-related difference in the overall CD4
+
 T-cell counts among males 

and females as reported by Tsegay et al., (1999) HIV sero-negative Ethiopian females had 

relatively higher CD4
+
 T-cell counts than HIV seronegative males. 
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Table 8. Mean CD4
+
 T- lymphocyte counts of HIV sero-positive individuals who were visiting  

                Butajira General Hospital from March ï June, 2014. 

 

       Key: No. Ex. = Number of examined, SD = Standard deviation 

 

Study Participants 

Group (years) and 

 Sex  

 

No. 

Ex. 

 

Mean CD4
+
 T-Cell Counts Per Cubic Millimeter of Blood 

 

Mean  ± SD 

 

Maximum 

 

Minimum 

Ò 14     

 Male -- -- 
-- -- 

 Female 
1    591.00  ± 0.00 591 591 

  
1    591.00  ± 0.00 591 591 

15-30     

 Male 
66 393.45  ± 140.114 751 167 

 Female 
89 379.42 ± 130.141 711 128 

  
155 385.39 ± 134.211 751 128 

31-45     

 Male 
88 348.15  ± 130.451 600 120 

 Female 
87 384.18 ± 146.505 699 114 

  
175 366.06  ± 139.441 699 114 

46-55     

 Male 
20 273.30  ± 147.561 533 103 

 Female 
22 314.23 ± 165.182 609 111 

  
42 294.74 ± 156.505 609 103 

Ó 56     

 Male 
4 377.25  ± 139.120 528 191 

 Female 
7 272.86  ± 163.298 596 126 

  
11 310.82  ± 156.780 596 126 

All age groups     

 Male 
178 357.19  ± 139.909 751 103 

 Female 
206 371.87  ± 144.447 711 111 

  
384 365.07  ± 142.365 751 103 
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The frequency distribution of level of CD4
+ 

T-cell count of HIV sero-positive individuals who were 

visiting the Butajira General Hospital during March-June 2014 was depicted on Table 9. According to 

this result, among the age group of Ò 14 years old only one female was examined having CD4
+ 

T-cell Ó 

500 cells/ mm
3
. Out of 155 ( 66 males and 89 females) study participants in the age group of 15-30 

years old who were examined for detection of their CD4
+ 

T-cell level 10(15.2%), 13 (19.7%), 29 

(43.9%) and 14 (21.2%) of males and 16 (18.0%), 18 (20.2%), 38 (42.7%) and 17 (19.1%) of females 

had CD4
+ 

T-cell count of < 200 cells/mm
3
, 200-349 cells/mm

3
, 350-499 cells/mm

3
 and Ó 500 

cells/mm
3
, respectively. Among 175 (88 males and 87 females) study participants in the age group of 

31-45 years old who were examined for detection of their CD4
+ 

T-cell level 36 (20.6%), 39 (22.3%), 

59 (33.7%), 41 (23.4%) had CD4
+ 

T-cell count of < 200 cells/mm
3
, 200-349 cells/mm

3
, 350-499 

cells/mm
3
 and Ó 500 cells/mm

3
, respectively. Thus in both age group of 15-30 and 31-45 years old 

increased frequency distribution of the study participants based on the level of CD4
+ 

T-cell counts was 

observed. In both age group of 15-30 and 31-45 years old the frequency distribution of the participants 

having CD4
+ 

T-cell counts in between 350-499 cells/mm
3
 was greater than the frequency distribution 

of the study participants having CD4
+ 

T-cell counts in between 200-349 cells/mm
3
 and CD4

+ 
T-cell 

counts of < 200 cells/mm
3
. And also in the same age group the frequency distribution of the 

participants having CD4
+ 

T-cell counts between 200-349 cells/mm
3
 was greater than the frequency 

distribution of the study participants having CD4
+ 

T-cell counts of < 200 cells/mm
3
 (Table 9).  

 

The greater frequency distribution of the study participants in the higher level of CD4
+ 

T-cell counts 

probably due to different factors; it may be due to the HAART services given in the hospital and those 

HAART started participants in these age groups might respond to the drug better and recover their 

CD4
+ 

T-cell. In addition it also might be due to the better immune response of the participants in these 

age groups and the lower they prone to OIs. However, in the age group of Ó 46 years of old the 

frequency distribution of the participants was decreased and the level of decrements vary in the 

different level of CD4
+ 

T-cell counts. But, higher frequency distribution of participants having CD4
+ 

T-

cell counts of < 200 cells/mm
3
 was observed in the age groups of 46-55 and Ó 56 years old compared 

to the participants in the age groups of 15-30 and 31-45 years old (Table 9). This also could be due to 

different factors; it could be due to those HAART started participants in these age groups might poorly 

respond to the drug and not recover their CD4
+ 

T-cell better. In addition it also might be due to the 

poor immune response of the participants in these age groups compared to the elder groups  
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In general, out of 178 males and 206 females examined for the detection of their CD4
+ 

T-cell in all age 

group 42 (23.6%) and 46 (23.3%), 39 (21.9%) and 38 (18.4%), 64 (35.9%) and 72 (34.9%), 33 (18.5%) 

and 50 (24.3%) of males and females had < 200 cells/mm
3
, 200-349 cells/mm

3
, 350-499 cells/mm

3
 and 

Ó 500 cells/mm
3
, respectively, with respect to sex and CD4

+ 
T-cell level (Table 9). 

 

Table 9. The CD4
+
 T-lymphocyte profile (frequency distribution of level of CD4

+
 T-cell counts) of HIV 

             sero-positive individuals who were visiting Butajira General Hospital during March ïJune, 2014. 

  Key: Freq. = Frequency, No. Ex. = Number of Examined 

 

 

Age Group 
(Years) 

and Sex 

 

 

No.  
Ex. 

 

Level of CD4
+
 T-Cell Counts 

 
< 200 cells/ mm

3
 

 
200 - 349 cells/ mm

3
 

 
350 - 499 cells/ mm

3
 

 
Ó 500 cells/ mm

3
 

 Freq. (%) Freq. (%) Freq. (%) Freq. (%) 

Ò 14      

 Male -- -- -- -- -- 

 Female 1  -- -- -- 1 (100.0) 

 Subtotal 1 -- -- -- 1 (100.0) 

15-30      

 Male 66 10 (15.2) 13 (19.7) 29 (43.9) 14 (21.2) 

 Female 89 16 (18.0) 18 (20.2) 38 (42.7) 17 (19.1) 

 Subtotal 155 26 (16.8) 31 (20.0) 67 (43.2) 31 (20.0) 

31-45      

 Male 88 20 (27.7) 23 (26.1) 30 (34.1) 15 (17.0) 

 Female 87 16 (18.4) 16 (18.4) 29 (33.3) 26 (29.9) 

 Subtotal 175 36 (20.6) 39 (22.3) 59 (33.7) 41 (23.4) 

46-55      

 Male 20 11 (55.0) 3 (15.0) 3 (15.0) 3 (15.0) 

 Female 22 10 (45.5) 3 (13.6) 4 (18.2) 5 (22.7) 

 Subtotal 42 21 (50.0) 6 (14.3) 7 (16.7) 8 (19.0) 

Ó 56      

 Male 4 1 (25.0) 0 (0.0) 2 (50.0) 1 (25.0) 

 Female 7 4 (57.1) 1 (14.3) 1 (14.3) 1 (14.3) 

 Subtotal 11 5 (45.5) 1 (9.1) 3 (27.3) 2 (18.2) 

All age 

groups 

     

 Male 178 42 (23.6) 39 (21.9) 64 (35.9) 33 (18.5) 

 Female 206 46 (23.3)  38 (18.4) 72 (34.9) 50 (24.3) 

 Total 384  88 (22.9) 77 (20.1) 136 (35.4) 83 (21.6) 
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4.5. Level of CD4
+
 T-cell Counts of HIV Sero-Positive Individuals with and without  

       Opportunistic  Bacterial, Fungal and Parasitic Infections 

 

The relationship between the level of CD4
+
 T-cell counts of the study participants (n=384) 

with and without cryptosporidiosis, isosporiasis, microsporidiosis, tuberculosis and oral 

candidiaisis diseases is presented in table 10. The result in the table shows that only one 

individual found in the age group Ò 14 and was without the diseases and the mean CD4
+
 T-

cell count of this individual was 591.0 cells/ mm
3
. The mean CD4

+
 T-cell counts for 

cryptosporidiosis in the age groups of 15-30 and 31-45 years was 180.0 cells/ mm
3 

and 

174.4 cells/ mm
3
, respectively. And this disease was absent in the age groups of Ò 14, 15-30, 

31-45 and Ó 46 years and their mean CD4
+
 T-cell counts was 591.0 cells/ mm

3
, 393.7 cells/ 

mm
3
, 377.7 cells/ mm

3
and 298.1 cells/ mm

3
, respectively. While isosporiasis was absent in 

those age groups of Ò 14, 15-30, 31-45 and Ó 46 years with mean CD4
+
 T-cell counts of 

591.0 cells/ mm
3
, 403.2 cells/ mm

3
, and 370.2 cells/ mm

3
, respectively. But, it was present 

in the age groups of 15-30, 31-45 and Ó 46 years with mean CD4
+
 T-cell counts of 190.8 

cells/ mm
3
, 190.8 cells/ mm

3 
and 190.9 cells/ mm

3
. In both age groups of Ò 14 and Ó 46 

years, microsporidiosis was absent but it was present in the age groups of 15-30 and 31-45 

years. The mean CD4
+
 T-cell count of the groups with microsporidiosis was 186.0 cells/ 

mm
3
and 170.0 cells/ mm

3
, respectively. Thus, overall this study revealed that 

cryptosporidiosis, isosporiasis and microsporidiosis present in those HIV sero-positive 

individuals with CD4
+
 T-cell count of < 200 cells/ mm

3
. The level of the mean CD4

+
 T-cell 

count of the patient with those diseases was relatively lower compared to the patients in all 

age groups without those diseases. This finding was concordant with study by Simon et al., 

(2010) from India which reported high risk of developing opportunistic intestinal parasitic 

diseases such as cryptosporidiosis, isosporiasis, and microsporidiosis among patients with 

CD4
+
 T-cell counts < 200 cells/ mm

3
. 

 

It was evident from table 10 that unlike opportunistic intestinal parasitic diseases which was 

discussed above, TB and oral candidiaisis diseases could occur in HIV sero-positive 

individuals even the patients with a very wide range of CD4
+
 T-cell count. The mean CD4

+
 

T-cell count of patients with tuberculosis in the age groups Ó 46 was 248 cells/ mm
3 

and in 
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the same age groups of patients without tuberculosis the mean CD4 T-cell counts was 353.5 

cells/ mm
3
. It was also observed that in all other age groups of patients who were with 

tuberculosis the mean CD4
+
 T-cell counts was relatively lower compared to the mean CD4

+
 

T-cell counts of the patient without tuberculosis. Similarly oral candidiasis which occurred 

at a wide range of CD4
+
 T-cell level in this study, the mean CD4

+
 T-cell count for this 

disease in the patient was lower compared to the mean CD4
+
 T-cell count for tuberculosis. 

And the mean CD4
+
 T-cell count of the patients with oral candidiaisis was lower compared 

to the mean CD4
+
 T-cell count of the patients without this disease. In general this study 

showed that patients with those opportunistic diseases had lower mean CD4
+
 T-cell count 

compared to patients without those opportunistic diseases. Lower mean CD4
+
 T-cell counts 

therefore correlate with poor immune responses as well as high immune suppression by the 

effects of the opportunistic diseases and thus determine the degree of morbidity and 

mortality related to HIV/AIDS. This was also in agreement with the study done by Lawn et 

al. (2006). 

 

Activation of the immune system by tropical infections renders the T-cell lymphocytes more 

susceptible to HIV infection which results into HIV disease progression (Secor, 2006). 

Infections that activate the immune system and increases secretions of cytokines, 

chemokines and chemokines receptors have been shown to increase the susceptibility and 

pathogenesis to HIV-virus infection (Borkow et al., 2000). But it has been reported that it 

may be difficult to use CD4
+ 

T-cell counts as a surrogate marker for HIV infections/ AIDS 

because variations in CD4
+
 T-cell counts due to factors such as ethnicity, low body mass 

index (BMI), associated mal absorption, other tropical diseases can individually affect the 

CD4
+
 T-cell counts (Angelo et al., 2004). To overcome such controversies serial CD4

+
 T-cell 

counts needs to be done to corroborate the association between CD4
+ 

T-cell counts and 

opportunistic infections. Serial declining CD4
+
 T-cell values might have a better implication 

in the degree of immune suppression in the patient than a single value, due to nonïHIV 

infection mediated fall in CD4
+
 T-cell counts. But in a country like Ethiopia getting even a 

single value was a great financial burden to the patient.  
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Table 10. Mean + standard deviation of CD4
+
 T-cell counts (cells/ mm

3
) of HIV sero-positive individuals by age and sex with and without 

               opportunistic bacterial, fungal and parasitic infections in Butajira General Hospital, from March-June, 2014.  

  

 

 

 

Age Group 

(Years) 

and Sex 

 

 
 

No. 

Ex. 

 

Level of CD4
+ T-cell Counts (cells/ mm

3
) with and without OI 

 

 

Cryptosporidiosis 

 

Isosporiasis 

 

Microsporidiosis 

 

Tuberculosis 

 

Oral candidiasis 

 

positive 

 

Negative 

 

positive 

 

Negative 

 

positive 

 

Negative 

 

positive 

 

Negative 

 

positive 

 

Negative 

 
  ± SD 

 
  ± SD 

 
  ± SD 

 
  ± SD 

 
  ± SD 

 
  ± SD 

 
  ± SD 

 
   ± SD 

 
   ± SD 

 
  ± SD 

Ò 14            

 Male  --  -- -- -- -- -- -- --  

 Female 1 --   591.0  ±  -- -- 591.0 ± -- -- 591.0 ± -- -- 591.0± -- -- 591.0± -- 

  1 -- 591.0  ±  -- -- 591.0 ± -- -- 591.0± -- -- 591.0± -- -- 591.0± -- 

15-30            

 Male 66 191.0  ± -- 396.6 ±138.9 188.7±13.2 413.9±130.1 193.0± -- 396.5±138.9 378.9±120.8 402.9±152.1 365.9± 94.6 419.3 ±169.8 

 Female 89 177.8 ± 28.5 391.4 ±123.8 192.6±10.2 395.4±122.9 182.5±19.1 383.9±128.1 383.0±73.0 376.8±160.8 363.3±64.5 387.6 ±153.0 

  155 180.0 ± 26.1 393.7±130.2 190.8 ±  11.3 403.2±125.9 186.0±14.8 389.3±132.5 381.3±94.5 388.3±156.7 364.7±80.8 399.2 ±159.2 

31-45              

 Male 88 182.8 ± 27.9 358.1 ±127.5 188.7±10.7 353.8±129.2 -- 348.2±130.5 350.5±137.5 346.7±127.1 308.5±100.1 373.1±141.6 

 Female 87 166.0 ± 40.7 397.5 ±139.9 197.0± -- 386.4±145.9 170.0 ± -- 386.7±145.5 379.6±146.3 387.3±148.0  302.5 ±97.6  419.0±150.6 

  175 174.4 ± 34.0 377.7 ±134.9 190.8±  9.7 370.2±138.4 170.0±-- 367.19±139.0 365.3±141.7 366.6±138.6 305.9 ±98.2  397.5±147.6 

Ó 46             

 Male 24 -- 290.6 ±148.6 191.0± -- 294.9±150.4 -- 290.6±148.6 241.3±128.5 372.9±149.7 256.9±123.0  337.8±174.1 

 Female 29 -- 304.2 ±162.8 194.0± -- 308.2±164.4 -- 304.2±162.8 257.1±123.2 342.6±183.9 226.2±103.9  431.9±164.3 

  53 -- 298.1 ±155.2 192.5±2.1 302.2±156.8 -- 298.1±155.2 248.6±123.9 353.5±169.8 239.7±111.8 387.1 ±171.6 

All age groups             

 Male 178 184.2±25.2 363.2±138.4 188.9±11.1 367.2±137.6 193.0±-- 358.12±139.8 338.5±138.0 370.8±140.4 322.5±108.6  385.6±155.9 

 Female 206 171.9±33.7 382.1±140.5 193.2±8.9 380.0±142.4 178.3±15.3 374.7±182.0 362.6±122.6 378.5±158.4 308.6±101.7  407.6±152.8 

  384 176.5 ±30.5 373.3±139.6 190.9±10.1 374.1±140.2 182.0±14.5 366.9±141.9 351.3±130.1 374.9±150.1 315.8±105.2  398.1±154.1 

 Key:  = Mean, SD = Standard Deviation, No. Ex. = Number of Examined, OD = Opportunistic Disease 
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The level (in mean and standard deviation) of CD4
+
 T-cells counts of HIV sero-positive 

patients who did and did not start ART services and with and without opportunistic disease 

are presented in Table 11. As shown in the table from the total of 384 of the study HIV sero-

positive patients 202 (99 Male and 103 Female) did not start ART services. The level of the 

CD4
+
 T-cell counts of these ART naive HIV sero-positive patients with cryptosporidiosis, 

isosporsiasis, microsporidiosis, and tuberculosis and oral candidiaisis respectively were 

178.6±29.8, 191.3±7.6, 182.0±14.5, 386.6±137.9 and 350.5±94.0 cells / mm
3
. However, the 

level of the CD4
+
 T-cell counts of the patients without those opportunistic diseases 

respectively were 406.8±133.6, 404.1±135.6, 402.1±136.3 and 420.7±150.5 cells/ mm
3
. 

Thus, the HIV sero-positive patients with the opportunistic diseases were with lower CD4
+
 

T-cells whereas those patients without those diseases had better CD4
+
 T-cell count. These 

result was therefore indicate that the opportunistic diseases play a role in the lowering of the 

CD4
+
 T-cell count of the patients. 

 

On the other hand, out of 384 of the study HIV sero-positive patients 182 (79 Male and 103 

Female) did start receiving ART services. The level of the CD4
+
 T-cell counts of these 

patients with cryptosporidiosis, isosporsiasis, microsporidiosis, and tuberculosis and oral 

candidiaisis diseases respectively were 176.5±30.5, 190.9±10.1, 182.0±14.5, 351.4±130.1 

and 315.8±105.2 cells/ mm
3
. However, the level of the CD4

+
 T-cell counts of the patients 

without those opportunistic diseases respectively were 373.3±139.6, 374.1±140.2, 

366.9±141.8, 374.9±150.1 and 398.1±154.2 cells/ mm
3
. Thus, the study HIV sero-positive 

patients that starts receiving ART and without those opportunistic diseases had much more a 

higher CD4
+
 T-cell count (CD4

+
 T-cell recovery) compared to the CD4

+
 T-cell count of the 

HIV sero-positive patients with those opportunistic diseases. Thus, the lower CD4
+
 T-cell 

counts of the study HIV sero-positive patients with those diseases probably due to the effect 

of the diseases other than the HIV infections itself. This was in parallel with Apendix VI 

which showed that repetitive opportunistic infections contribute to ôtear and wearô of the 

immune system. 
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Table 11. Level of CD4
+
 T-cell counts (cells/ mm

3
) of HIV sero-positive individuals who did and didnôt start ART services and with and without  

                     opportunistic bacterial, fungal and parasitic diseases in Butajira General Hospital, from March-June, 2014. 

 

 

 

Study Participants 

and their ART 

Conditions 

 

 

No. 

Ex. 

 

                                     Level of CD4
+ 
T-cell Counts (cells/ mm

3
) with and without OD 

 

 

Cryptosporidiosis 

 

Isosporiasis 

 

Microsporidiosis 

 

Tuberculosis 

 

Oral candidiasis 

 

positive 

 

Negative 

 

positive 

 

Negative 

 

positive 

 

Negative 

 

positive 

 

Negative 

 

positive 

 

Negative 

 

  ± SD 

 

  ± SD 

 

  ± SD 

 

  ± SD 

 

  ± SD 

 

  ± SD 

 

  ± SD 

 

   ± SD 

 

   ± SD 

 

  ± SD 

Did not start ART            

 Male 99 184.1±25.2 392.3 ±134.8 189.3±8.8 387.7±137.1 193.0±-- 381.6±139.4 354.2±160.8 389.8±130.7 363.9±92.7 389.1±161.7 

 Female 103 162.0±48.1 420.1±131.8 195.5±2.1 419.5±133.1 178.3±15.3 422.2±130.9 416.8±106.7 414.4±146.1 333.3±94.4 447.2±135.9 

  202 178.6±29.8 406.8±133.6 191.3±7.6 404.1±135.6 182.0±14.5 402.1±136.3 386.6±137.9 402.3±138.8 350.5±94.0 420.7±150.5 

Start receiving ART            

 Male 79 -- 328.9±135.5 188.7±13.2 340.5±134.6 -- 328.9±135.5 329.1±123.4 328.7±153.6 286.7±109.5 379.4±147.4 

 Female 103 174.4±33.1 341.6±138.7 192.6±10.2 338.5±140.8 -- 328.6±140.8 333.5±121.5 322.8±162.1 292.7±104.1 356.5±159.1 

  182 174.4±33.1 335.9±137.0 190.8±11.3 339.4±137.7 -- 328.8±138.2 331.5±121.8 325.2±157.7 289.8±106.2 365.3±154.3 

 

Total 

 

384 

 

176.5±30.5 

 

373.3±139.6 

 

190.9±10.1 

 

374.1±140.2 

 

182.0±14.5 

 

366.9±141.8 

 

351.4±130.1 

 

374.9±150.1 

 

315.8±105.2 

 

398.1±154.2 

 Key:  = Mean, SD = Standard deviation, No. Examined = Number of Examined, OD = Opportunistic Disease, No. Ex. = Number of Examined
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4.6. Correlation of Prevalence of Opportunistic Bacterial, Fungal and Parasitic Diseases  

        and Level of CD4
+
 T-cell Counts among HIV Sero-Positive Individuals  

 

The correlation of prevalence of opportunistic bacterial, fungal and parasitic diseases and level 

of CD4
+
 T-cell counts among the study HIV sero-positive patients is presented in Table 12 and 

13. Table 12 shows that as the CD4
+
 T-cell counts of the HIV sero-positive patients decline 

from 500 cells/ mm
3
, the opportunistic bacterial, fungal and parasitic diseases significantly (P < 

0.05) associated with both the males and the females HIV sero-positive individuals. From a 

total of 88 (42 male and 46 female) HIV sero-positive patients who were with CD4
+
 T-cell 

counts of < 200 cells/mm
3
,
 
84 (95.5%) of the patients were positive for opportunistic bacterial 

and parasitic diseases
 
and only 4 (4.5%) negative for the diseases. Among 77 the study HIV 

sero-positive patients with CD4
+
 T-cell counts between 200-349 cells/mm

3 
57 (74.0%) were 

positive for the opportunistic bacterial, fungal and parasitic diseases and the rest 20 (26.0%) 

negative for the diseases. Out of 136 the study HIV sero-positive patients with CD4
+
 T-cell 

counts between 350-499 cells/ mm
3
, 117 (86.0%) were positive for the disease and the rest 19 

(14.0%) negative. However among 83 the study HIV sero-positive patients with CD4
+
 T-cell 

counts of Ó 500 cells/ mm
3 
only 15 (18.1%) were positive for the opportunistic bacterial, fungal 

and parasitic diseases and the rest 68 (81.9%) were negative for the diseases.  

 

On the other hand, the result in Table 12 also shows that the occurrence of opportunistic 

bacterial, fungal and parasitic diseases significantly differ (X
2 

= 342.32; P = 0.000) among the 

study HIV seropositive individuals with different level of CD4
+
 T-cell counts. Overall, the 

result indicated that as the CD4
+
 T-lymphocyte count decreased the body defense mechanism 

would be overwhelmed by various opportunistic infections. This finding sounds true since 

CD4
+
 T-cells play a central role in the activation of both humoral and cellular immune response 

to fight against infection, this makes the CD4
+
 T-cell more susceptible to HIV and its number 

lowers. Hence, low CD4
+
 T-cell increases susceptibility to OIs. Hunter and Nicholis (2002) also 

reported that various opportunistic infections among HIV/AIDS patients have been appeared 

when the immune status of the patient is suppressed. Thus, CD4
+
 T-cell count is used as a 

marker of the ability of an individualsô immune system to respond appropriately to 

opportunistic infections (McDonald, 2000). Alternatively, chronic stimulation of resting CD4
+ 

T-cells might have a negative effect on the homeostatic regeneration of these cells. The 
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relevance of this process to CD4
+
 T-cell depletion is underscored by the observation that 

disease progression is associated with immune activation and vice versa (Hazenberg et al., 

2003; Vajpayee et al., 2005).  

 

Table 12. Association of prevalence of opportunistic bacterial, fungal and parasitic diseases and level 

              of CD4
+
 T- lymphocyte profile among HIV sero-positive individuals in Butajira General 

         Hospital during March ï June, 2014. 

 Key: OR = Odds ratio, Freq. = Frequency, X
2
 = Chi-square, No. Ex. = Number of Examined, *P-value 

< 0.05 (result significant) for the Opportunistic Bacterial, Fungal and Parasitic Diseases in relation 

    to level of CD4
+
 T-cell counts (cells/ mm

3
).

Study Participants and their  

Level of CD4
+
 T-cell Counts 

(cells/ mm
3 
) 

No. 

 Ex. 

Opportunistic Bacterial, 

Fungal and Parasitic Diseases 

 

OR 

 

 

X
2
 

 

P-value 

Positive Negative 

Freq. (%) Freq. (%) 

< 200 cells/ mm
3
     

 

99.9 

 

 

33.0 

 

 

0.000
*
 

 Male 42 40 (95.2) 2 (4.8) 

 Female 46 44 (95.7) 2 (4.3) 

 Subtotal 88 84 (95.5) 4 (4.5) 

200-349 cells/ mm
3
     

 

90.0 

 

 

7.5 

 

 

0.004
*
 

 Male 39 28 (71.8) 11 (28.2) 

 Female 38 29 (76.3) 9 (23.7) 

 Subtotal 77 57 (74.0) 20 (26.0) 

350-499 cells/ mm
3
     

 

92.6 

 

 

11.0 

 

 

0.003
*
 

 Male 64 55 (85.9) 9 (14.1) 

 Female 72 62 (86.1) 10 (13.9) 

 Subtotal 136 117 (86.0) 19 (14.0) 

Ó 500 cells/ mm
3
     

 

41.7 

 

 

0.365 

 

 

0.546 

 Male 33 7 (21.2) 26 (78.8) 

 Female 50 8 (16.0) 42 (84.0) 

 Subtotal 83 15 (18.1) 68 (81.9) 

Total 384 273 (96.1) 111 ( 28.9) 111.3 154.02 0.000 

         X
2
 -- 342.32 -- -- -- -- 

       P-value -- 0.000 -- -- -- -- 
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Table 13 below shows the effects of co-infections (opportunistic diseases in HIV/AIDS patients) on 

the immunological responses (with respect to CD4
+
 T-cell recovery) of the study HIV sero-positive 

patients. As the CD4
+
 T-cell counts and prevalence of opportunistic diseases do not show a linear 

relationship, correlation between the CD4
+
 T-cell counts (cells/ mm

3
) and the prevalence of 

opportunistic diseases was done using Spearman correlation. And as shown in the Table 13 below, 

the SPSS results of Spearmanôs correlation coefficient (r
2
) was between 0 and 1, suggesting there was 

an association. Hence, there, association was found between CD4
+
 T-cell counts level and prevalence 

of opportunistic diseases. Additionally, at the 5% significance level, the results indicated statistically 

highly significant association (P Ò 0.001). Thus HIV sero-positive patients with higher CD4
+
 T-cell 

counts level were not more likely to be with high prevalence of a variety of opportunistic diseases and 

their immune system did not suppressed greatly as measured in this study.  

Table 13. The Spearman correlation coefficient and P-value between prevalence of some opportunistic  

               bacterial, fungal and parasitic diseases and CD4
+
 T-cell counts (cells/ mm

3 
) of HIV sero- 

               positive individuals in Butajira General Hospital during March ï June, 2014. 

 

  Key: r
 2 

= Spearmanôs correlation coefficient (coefficient of determination or sum square) 

 

 

 

 

Variable 

 

Prevalence of Opportunistic Diseases 

 

Cryptosporidiosis 

 

Isosporiasis 

 

Microsporidiosis 

 

TB 

 

Oral candidiasis 

 

r
 2 

( P- value) 

 

r
 2 

( P- value) 

 

r
 2 

( P- value) 

 

r
 2 

( P- value) 

 

r
 2 

( P- value) 

 

CD4
+
 T-cell 

counts 

. 

0.59(0.000) 

 

0.36 (0.000) 

 

0.46 (0.000) 

 

0.126 (0.001) 

 

0.109 (0.001) 
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5. SUMMARY,  CONCLUSIONS AND RECOMMENDATION S 

 

 5.1. Summary 

 

Opportunistic diseases are the major public health problems in HIV/AIDS patients in many 

developing countries including Ethiopia. And little was studied about the immunological 

responses of HIV sero-positive individuals with and without opportunistic diseases. So, a cross-

sectional study was employed to determine the immunological responses (CD4
+
 T-cell recovery) 

of HIV sero-positive individuals with and without tuberculosis, candidiasis and some selected 

opportunistic intestinal parasitic diseases at Butajira General Hospital (BGH), Gurage Zone, 

Southern Ethiopia. For the clinical and the laboratory diagnosis of the selected opportunistic 

infections and to determine the immunological response of the patient, respectively, 

questionnaire as well as laboratory examination techniques including stool sample collection, 

direct wet mount technique, concentration technique, modified Ziehl-Neelsen method, sputum 

smear microscopy, KOH test, blood collection and CD4
+
 T-cell count were done for each HIV 

sero-positive individuals during the study period (March ï June, 2014). Analyses of the results 

were done using SPSS version 20 statistical software. And chi-square, odds ratio, Spearman 

correlation was used as the measure of association, the degree (strength) of association, and the 

relation (effect) of association, respectively, between the prevalence of the disease and the CD4
+
 

T-cell count of the study HIV sero-positive individuals. P-value less than 0.05 were considered 

statistically significant for all tests. 

 

Out of 384 HIV sero-positive individuals involved in this research 206(53.6%) were female and 

178(46.4%) were males. The mean age of the study individuals was 34.11 years old. From the 

total study HIV sero-positive individuals, 202 (99 Males and 103 Females) did not start ART 

services and the rest 182 (79 Males and 103 Females) did start receiving ART services. In this 

study, it was observed that infection by Microsporadia, Cryptosporidium, and Isospora and the 

diseases caused by each was significantly (p < 0.05) higher among HIV sero-positive individual 

particularly in those with CD4
+
 T-cell count <200 cells/mm

3
. However Mycobacterium 

tuberculosis and Candida infection and the disease caused by these pathogens occur in the study 

HIV sero-positive persons even the one with a wide range of CD4
+
 T-cell counts. The 
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prevalence of cryptosporidiosis, isosporiasis, microsporidiosis, tuberculosis (TB), oral 

candidiaisis and both TB and oral candidiasis among the participants respectively was 16(4.2%), 

19(4.9%), 4(1.0%), 80(20.8%), 73(19%) and 81(21.1%). Tuberculosis (TB), oral candidiaisis 

and the occurrence of both TB and oral candidiasis together were more prevalent than the other 

opportunistic diseases. Tuberculosis followed by oral candidiasis and diarrhea were the major 

ODs encountered by the study HIV sero-positive individuals. The level of CD4
+
 T-cell counts 

(cells/mm
3
) of  the study HIV sero-positive individuals who had and had not started ART 

services had been much more greater (P < 0.05) than the level of CD4
+
 T-cell counts (cells/mm

3
) 

of those HIV sero-positive individuals co-infected with the opportunistic bacterial, fungal and 

parasitic diseases. This indicated that opportunistic disease had an effect of immune suppression 

in the study participants. So, interventions aimed at preventing and treating HIV associated 

opportunistic infections was crucial. Commencement of ART should be encouraged before the 

individualôs CD4
+
 T-cell count drops below 350 cells/ mm

3
. 

 

5.2. Conclusions 

 

ü Tuberculosis, candidiasis, cryptosporidiosis, isosporiosis and microsporidiosis were the 

common opportunistic disease in the study HIV sero-positive patients. 

ü Higher prevalence of cryptosporidiosis, isosporiosis and microsporidiosis were occurred at 

the last stages (IV) of WHO clinical grade among HIV sero-positive patients.  

ü The findings in this study, led to the conclusion that OIs and HIV co-infection were 

capable of lowering the values of CD4
+ 
T-cells. 

ü The present study had also tried to point out the virus (HIV), the opportunistic infections 

and the immune systems (the human host) were inseparable players in the process leading 

to AIDS. So, better treatments directed against the virus and the opportunistic infections or 

those to help the immune system in combination was likely to be needed for people whose 

immunity has already been substantially impaired by HIV. 

ü Opportunistic infections remain a challenge in patients receiving HAART in resource- 

limited settings. There was a need to intensify the management of opportunistic diseases 

despite HAART use. 
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5.3. Recommendations 

 

HIV/AIDS and opportunistic disease co-infected patients had significantly lower CD4
+
 T-

cells, suggesting that a combination of OD and HIV/AIDS causes a more serious depletion of 

CD4
+
 T-cells compared to the HIV infections only. Thus, on the basis of the result obtained 

from this study, the following recommendations were forwarded:- 

 

ü Early diagnosis of opportunistic infections and treatment is needed for a better 

immunological recovery of CD4
+
 T-cell.  

ü The ART clinics need to have skilled health professionals of all categories for proper 

diagnosis and management of the prevalent OIs in the population. 

ü Enforcing mass health education against HIV/AIDS as well as the most common OIs like 

TB which are transmissible to the general population is highly recommended. 

ü In-service training should be given for the healthcare provider on HIV/AIDS care and 

support especially on how to distinguish and manage patients with high risk. 

ü This finding highlighted the importance of screening the HIV sero-positive individuals 

and evaluating their absolute CD4
+
 T-cell counts regularly. As the opportunistic infections 

vary with the geographical areas, studies must be aimed out in different regions, to 

evaluate the frequent causes of those opportunistic infections in HIV sero-positive 

patients. This highlights the need for early detection and treatment of such infections 

among HIV infected patients, to reduce the morbidity and the mortality. 

ü Early diagnosis of OIs and prompt treatment definitely contributes to increased life 

expectancy among infected patients, delaying the progression to AIDS. Despite the 

moderate (n = 384) number of patients included in this study, the investigator believe the 

data obtained here provide some important background information that can form the 

basis of future more elaborative and systematic studies. Furthermore, the data shown 

could be a valuable means of determining the range and relative frequency of the selected 

infectious diseases, and this can potentially have an immediate impact on patient care by 

suggesting appropriate interventions based on the results. 
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7. APPINDICES 

 

Appendix I. Consent Form (English Version)   

 

I am conducting a study to investigate the Immunological Responses of HIV Sero-positive 

Individuals with and without Tuberculosis, Candidiasis and Some Selected Opportunistic 

Intestinal Parasitic Diseases in Butajira General Hospital, Gurage Zone, Southern Ethiopia. 

You are being to participate in this study if you agree. I would like to obtain sputum, swab 

(oral-scrapings), and Stool sample from you, which would be used only to detect the 

presence of tuberculosis, candidiasis and some selected opportunistic intestinal parasitic 

diseases, respectively. There is no risk in participating.  

 

When you are found positive for the diseases, you will receive drugs free of charge. The 

information in your records is strictly confidential. Your participation in this study is 

completely voluntary and you can refuse to participate or free to withdraw yourself from the 

study at any time. Refusal to participate will not result in loss of medical care or any other 

benefits.  

 

Do you understand what has been said to you? If you have any question you have the right 

to get proper explanation. 

 

I am informed to my satisfaction the purpose of this study and the nature of laboratory 

investigations. I am also aware of my right to opt out of the study at any time during the 

course of the study without having to give reasons for doing so. This consent form has been 

read out to me in my own language, and I understand the content and I am voluntary consent 

to participate in the study.  

 

Study code no-------------------------------------------------------  

Name-----------------------------------------------------------------  

Signature--------------------------------Date-----------------------  

Witness Name---------------------------------Signature------------------------Date-----------  

Investigator Name-----------------------------Signature-------------------------Date----------- 
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Appendix I I . Consent Form (Amharic  Version)   

 
                                          ē©ăĵĪú ēU==Å® eŪ xÕ;MÐ 

 

ēÙ¶.ÕĘ.£/ÙğU &9;Ê ē©ĻĝÒ x]¬û¶Ê ē8â+Ý- Õe= ÕÈ ē©ĻĝÒ x]¬û¶Ê x©8(â© ŊÈ®È 

=M=M x;ğHķ +Ę ÅÒſſ xŊÈª +Ę ©S¬Ů Ý'Æ ÝÚMUû +Ę (=M=M ē:ĖĲ(ķ- ÕUŬ+Ĵ È9Èû±Ê 

x8UŅ® ÚÊĜ©{xIÒ x®&©È ÚŅĘf¬("ſſ È9Èû²Ê (8UŅ® 8S©űû ÚMUû +Ę =Ê= ÕĘÅ® 

ēŉÈ ¶ķM ÕĖUÝ®-=ſſ  

 
x=M8Kú õ`® xÚMUû +Ę ē©ĻĝÒ x]¬ zĲÒ ÚMUû Ýõŏ ÅŨ ē'Å ĚHĭúÊ ēŅx` 8ğ!Ç® ©Ņc: 

Ę'È)ſſ ēÚMUû xą! ŊÈ® +Ę 8à©® ēÚMUû 9) Ŭcğ R'Ê xŊÈª +(8à©®= 'Å Ý©à©ª= xÂ+ 

ē(=Ê= eğ8 "É¬ ŬcĚÒÅ®ûÊ ē;ÊS® 8}®û 9) x9) ē©Ņx` Åúſſ  

 
ÚMUû xŊÈª +(8à©® 8õPÊû ÚMUû= 'Å |©P}û x'UŶ¬) ĖĲÎ® ēÅxHÊ ē&â=È ©Ņc:Å®Ê= 

'Å ,+ ¶ķM ŬŪ> *ĖUÝ®-}û ÕĘ¶-=ſſ 

 

(ÚMUû ē©{(úÊ ÅĲM x®ââ- ©Hğ©ú¬- ? ŊĖd à(û® 8Ņēe ÚÈ ;}KJĖ ē;ķÍ® 8}® Õ(û®ſſ 

 
U( ŊÈª Õ+; =M8K ÚÈ #Ě® ©Ĳ-ū-Ð-ſſ =âÊĖ® SĖUŬ-ĲÒ ÝŊÈª (;iHŊ ÚÅĚ=¶- ©Hğ´("ſſ 

Ę& ēU==Å® eŪ  x®ââ- ©Hğµ xKT ŬcĚÒÅ® xŊÈª (8S©ű ©U;=´("ſſ (ą&= xŮM;ė 

ÕHĵķň(úſſ 

 

8(Ė aŊM______________________ ēŊÈª UűK_________________ ̀Ê______________ 

U= ___________________________ ŮM; _____________________̀Ê______________ 

ē=UâM U=______________________ ŮM; ____________________ ̀Ê______________ 

ēŊÈª {(9Ė U=__________________ ŮM;____________________ `Ê______________ 
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Appendix III. Structured Questionnaire-I  (English Version) 

 

Questionnaires used to collect some demographic characteristics of study participants. Dear 

participants, the main purpose of this study is to Investigate Immunological Responses of 

HIV Sero-positive Individuals with and without Tuberculosis, Candidiasis and Some 

Selected Opportunistic Intestinal Parasitic Diseases in Butajira General Hospital, Gurage 

Zone, Southern Ethiopia. You are kindly requested to answer the following questions 

sincerely as your sincere response will have great contribution to the study. Thank you.  

Dear participant use (P) mark for your choice 

Participant Name _______________ Sex _________________ Age______________ 

 

 

If there are any questions or enquiries at any time about the study or the procedures, please 

contact: mobile number 0913598782 or E-mail Melesachew@gmail.com. And, the ethical 

aspects of this study were approved by the Ethical Committee of BGH. If you have any 

complaints or reservations about any ethical aspect of your participation in this research, you 

may contact the committee through its secretary. Any complaint you make will be treated 

confidential and investigated, and you will be informed of the outcome. Butajira General 

Hospital: Fax: 0461151152     P. O. Box: 46    Tel: 0461150202   Butajira, Ethiopia  

1 Education level  

   A. Illiterate                 B. Primary D. Secondary  E. Diploma and above                                     

2 Occupation    

 A. Student                                 B. Civil servant C. Private                                   D. Unemployed 

3 Marital status 

 A.Married B.divorced C.Widowed  D.Single 

4 Latrine facility at home A.Present B.Absent  

5 Personal Hygiene and life skills                         A. Po                             B. Good 

6 Family size A. Ò  5 B. Ó 6  

7 Level of knowledge and awareness about HIV    A. Poor                      B. Good 

8 1. Level of knowledge and awareness about opportunistic pathogens infections 

  A. Poor B. Good  

9 Residence A.Urban B. Rural  

mailto:Melesachew@gmail.com
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Appendix IV.  Structured Questionnaire -I (Amharic  Version) 

 
ē©ăĵī® 8ŅĘf¶ xÕ;MÐ 

öğ ©S¬Ůû¶ ēą& ŊÈ® øÈ Õ+; ēÙ¶.ÕĘ.£/ÙğU &9;Ê ē©ĻĝÒ x]¬û¶Ê ē8â+Ý- Õe= ÕÈ 
ē©ĻĝÒ x]¬û¶Ê x©8(â© Åúſſ x8'Æ= ÕMUû (ŊĖdû² ē:Pņ® 8-V¶ Ę& ŊÈ® ē¬`Ě(®Ê 
Õ+; (;Sà® xÝű©Ð ĚHĭ ē:HĝÈ õSÒ x8'Æ ŊĖdû²Ê x`Hyx® "É¬ x88(U ÕÊĜ©{xIÊ 

xÕâ}N® ÚÊŅĘc(Êſſ ēÙ¶.ÕĘ.£/ÙğU &9;Ê ēUÅ-5Ĉ} ;&xK÷ "É¬û¶ ÚÈ ē©ĻĝÒ ÕUĴ 
(ÕĚĲÐ) ĳĝę¶Ê x©8(Ý© `Ŋ. Ė)®Ê 8ŅĘf¶ Ę8-Q:: 
 

öğ  ©S¬Ůû¶ (=MŐ¶" (P) =-â® ĘŅ`9ſſ 

 

U=----------------------------------------------------         āğ<-----------------        ţ¬---------------- 

 
1. ē®=&M® ĚHĭû   

 !. Ė-©;H                 (. ē8Ī8JĖ ĚHĭ ē®=&M®  

 0. ē"(©Ð ĚHĭ ē®=&M®      8. ĜŹ.; ÚÈ ÝąĖ x+Ę 

2. ēUK =ğ} 

  !. ©;J                                  (. ē8ÊķU® PK©Ð 

  (. ēķ- UK                              0. UK  Ė,(ú 

3.  ēĵ}´ "É¬ 

  !. ĖĲ{                                    (. Õķ}¯ ēŬ¬ 

  (. ē®ĝM ĻĚÐöÊ  x>® Ėň        8. Ė+Ĳ{                

4.  ē8ťĝĭ |® "É¬ 

  !. Õ(                    (. ē(= 

5. ēķ- ÊŅŪ&È ÕÈ ē&Ęû® â&.® "É¬       

 !. Ěà;                 (. ŊI 

6. ē|©U} }Ć® 

 !.  < 5           (. > 6 

7. U( Ù¶. ÙĘ.£/ ÙğU Ė-û® Úú`® ÚÈ ķÊĆ| 

 !. Ěà;                (. ŊI 

8. U( ©ĻĝÒ x]¬û¶ Ė-û® Úú`® ÚÈ ķÊĆ| 

 !. Ěà;                (. ŊI 

9. ē8ËJĖ UűK 

 !. Ý©; 

 (. ĲŅM 
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Appendix V. Structured Questionnaire -II  

 

Structured questionnaire-II  used to collect clinical and laboratory diagnose result of the 

study participant (For OPD and laboratory room use only) 

 

Name___________________________________            code_________________ 
      

 
 

 

 

                    
 

 

 

1 Occurrence of opportunistic bacterial, fungal, and parasitic diseases 

 
  Tuberculosis Present   Absent  

  Oral candidiasis Present  Absent  

  Cryptosporidiosis Present  Absent  
  Isosporiasis Present  Absent  

  Microsporidiosis Present  Absent  

       
2 ART Status  

 

Start receiving ART yes  No  

3 Diarrhea 

 

 Present  Absent  

4 Cough  

 

 yes  Absent  

5 Oral whitish patches/lesions 
 

 Present  Absent  

6 CD4
+  

T-cell count in No/mm
3
 __________________     

       

7 Level of CD4
+
 T-cell count          < 200     

  200-349     

  350-499     

  Ó 500     
       

8 Clinical stage by WHO 

clinical classification criteria 
 

WHO Stage -I 

WHO Stage-II  

WHO Stage-III  

WHO Stage-IV 
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Appendix VI. HIV infection and CD4
+ 
T-cells depletion 

 
Figure 1. HIV infection and CD4

+
 T-cells Depletion                                                                  

HIV infection induces an acute ñflu-likeò disease characterized by a rapid loss of CD4
+
 T-

cells. Follow an adaptive immune response that controls the acute illness and partially 

restores the level of CD4
+
 T-cells in the blood. The adaptive immune response does not 

eradicate HIV. Repetitive opportunistic infections contribute to ñtear and wearò of the 

immune system and a continuous depletion of CD4
+
 T-cells from the blood (Figure 2).While 

the immune response mounts a specific response against HIV, it is not successful and 

declines over time. 

 
Figure 2. Immune response to HIV 

Even though high HIV antibody titers and CTL responses are observed during the 

asymptomatic phase, this concerted immune response is not sufficient to avoid persistent 

HIV replication in CD4
+
 T-cells. Eventually, antibody titers and CTL responses decline, 

while HIV replication increases (symptomatic phase). This leads to a terminally ill AIDS 

phase during which the immune system is completely overwhelmed (Figure 3).  

 


