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                            ABSTRACT 

Background: Malaria and HIV/AIDS are the two most common infections in sub-Saharan 

Africa and worldwide with the half of world’s population at risk of malaria and nearly 39.5 

million PLWHA. HIV infected individuals living in malaria-endemic areas experience frequent 

and severe malaria episodes. Although anemia is the most common hematological abnormality in 

MHC patients, results were inconsistent regarding anemia and RBC indices. In Ethiopia, three-

fourth of the landmass is malarious with the prevalence is higher in HIV. This study was aimed 

to compare RBC indices and anemia in HIV patients with CD4 level of co-infected and those 

HIV patients without malaria on HAART in Bench Maji Zone. 

Methods: A comparative cross-sectional study was conducted on 103 malaria-HIV/AIDS co- 

infected and 103 HIV patients without malaria. Data were collected using structured 

questionnaire and blood samples were collected from both groups. Data obtained was entered 

and checked in Epi-data and exported to IBM SPSS version21 software packages for analysis. 

Results There were significant differences between the two groups (P≤ 0.001) in RBC indices. 

Of these values RBC count, Hgb, HCT and MCV were lower in MHC patients. There were 

significant positive correlation between CD4count with MCV, MCH and anemia in total 

participants. In MHC, CD4 count with RBC and Hgb while in OH infected CD4 count with 

MCV, MCH and MCHC were positively correlated significantly. Overall anemia was high 

(45.1%) and magnificent in MHC (63.4 %), female sex (61.3 %), falciparum-infected (37.6%), 

patients with CD4 count of ≤500cells/μl (55.9%) and income below mean (63.4%).Anemia is 

more prevalent among MHC patients with CD4 count of ≤500 cells/μl (59.32 %) while in OH 

infected it was equal in those with CD4 count of ≤500 and ≥500 cells/μl (50 %) There was a 

significant difference in anemia in MHC and OH infected with different CD4 group (P≤0.01). 

Conclusion: In our study there is a difference in RBC indices in MHC and OH infected patients 

and the mean value of RBC, [Hgb], HCT and MCV is lower in MHC. In MHC there is a positive 

correlation between CD4 count with RBC, and [Hgb]. Anemia prevalence is higher in MHC, in 

female sex, in falciparum infected and higher in patients with a CD4 count of ≤500 cells/μl.  

Key words: CD4+ T cells, HAART, Malaria-HIV/AIDS co infection, RBC indices, Anemia, Bench Maji Zone.  



  
 

1 
 

1. INTRODUCTION  

1.1 Background of the Study 

 

Malaria and HIV/AIDS are the two most common infections in Sub-Saharan Africa. The global 

epidemiology of HIV/AIDS and malaria overlap because a significant number of HIV-infected 

individuals live in regions with different levels of malaria transmission. There are hypotheses 

and study reports on the possible association between these two infections, hence the prevalence 

and outcome of their co-infection in an endemic population will be important in defining 

healthcare strategies (Subramaniam et al., 2015). 

Individuals with HIV infection who live in malaria-endemic areas experience more frequent and 

severe malaria episodes, but the immunological basis remains unclear (Subramaniam et al., 

2015). Available research findings suggested that both HIV and malaria parasite infection act 

synergistically resulting in worse health outcomes (Jegede et al., 2017). Both infections kill 

millions of people yearly with disproportionately heavy burden on Africa, India, Southeast Asia 

and South America.  

 

Today, approximately 50% of the world’s population are at varying degrees of risk of malaria 

(Adeoti et al., 2015) with nearly 39.5 million people living with HIV/AIDS, including an 

estimated 17.7million women and 2.3 million children under the age of 15 worldwide 

(Asmamaw et al., 2013). Globally, malaria and HIV are the 2 major health problems and 

together they contribute to more than 4 million deaths yearly (Naing et al., 2016). People 

residing in HIV and malaria-endemic regions are prone to develop co-infection. This enhanced 

the interest among researchers whether this dual infection intensifies each other and attributes to 

complications in the clinical spectra and treatment outcomes (Naing et al., 2016). The 

distribution of HIV and malaria overlaps in many regions of the world, particularly in SSA, 

Southeast Asia, Latin America and the Caribbean (Siwalee Rattanapunya1 et al., 2015).  

Although HIV is the most recent catastrophic infectious disease in SSA, malaria is one of the 

most ancient and prevalent diseases affecting SSA (Addissie et al., 2007).  In Africa  the most 

severely affected areas include Zambia, Zimbabwe, Mozambique, Malawi and the Central 
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African Republic, in these countries, HIV prevalence is over 10%, and 90% of the population is 

exposed to malaria (Skinner-Adams et al., 2008). Because of the high prevalence of HIV and 

malaria in SSA, co-infections are common and HIV reduces the host's immunity to infectious 

agents. HIV may facilitates geographic expansion of malaria in areas where its burden is high 

(Jegede FE, 2017). Therefore, any interaction between these two infections will have important 

public health implication due to their adverse effect on each other (Addissie et al., 2007).  

Three-fourth of Ethiopia’s landmass is considered endemic for malaria, with most cases due to P. 

falciparum and P. vivax being the dominant species (Kurtis JD, 2001). Although malaria and 

HIV are major causes of morbidity, mortality and diseases of poverty affecting young people in 

Ethiopia, the burden of malaria- HIV co-infection (MHC) in the country is not well documented 

(Alemayehu et al., 2015). Both are diseases of poverty that contributes to poverty by affecting 

young people who would otherwise enter the workforce and contribute to the local economy 

(Hochman and Kim, 2009).  

The geographical overlap observed between malaria and HIV infections have suggested a 

possible interaction influencing HIV transmission in some countries of SSA (Cuadros et al., 

2011). Furthermore, the overlap of these infections has generated global interest in terms of their 

potential interactions and essentiality of integrated control effort in most endemic regions 

(Sanyaolu AO, 2013). However, the causes and implications of this co-infection at the 

population level are still unclear due to inaccurate documentation of geographical overlap 

between the two infections in SSA (Cuadros et al., 2011).  Three Ugandan studies have found an 

increasing number of episodes of clinical malaria among HIV-infected adults and this 

concomitant malaria infection accelerates AIDS progression, through an increase in HIV viral 

load. This leads to progressive immune suppression, as evidenced by decreasing CD4+T cell 

counts (Cohen et al., 2005, Kublin JG, 2005). Studies reported that an increase of one log in HIV 

viral load occurs during febrile malaria episodes enhances susceptibility to malaria in HIV 

infected patients and this was found to facilitate the geographic expansion of malaria in areas of 

high HIV burden (Abu-Raddad et al., 2006). Though malaria and HIV are known to be the most 

severe of all infectious diseases in Ethiopia , limited studies has been done regarding malaria and 

HIV co -infection at national, local level and in this study area in particular (Wondimeneh et al., 

2013). 
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1.2 Statement of the Problem 

 

Approximately 50% of the world’s populations are at varying degrees of risk of malaria with 

falciparum based malaria being common in tropics and definitely have a high probability to 

infect HIV patients in the region (Akinbo, 2012) . Clinically, malaria during its acute infection 

can rise plasma HIV RNA level and increases its severity as CD4 declines (Karp, 2007, 

Mwapasa, 2004). 

MHC are the greatest challenges that the globe is facing nowadays and the question is whether 

this dual infection intensifies each other and causes complications on hematology and immunity 

(Naing et al., 2016). These infections are the greatest challenges that Africans are facing today 

with high prevalence and remarkable overlap but the interaction between infections has been 

little studied (Gosellea et al., 2009). However there are studies that demonstrated the vice versa 

association between CD4 count and malaria infection in HIV infected patients (J.-P. V. 

Geertruyden, 2006, Mermin, 2006).  But early studies failed to found an association between 

HIV and malaria disease severity (Greenwood, 1998, I. Kalyesubula, 1997).  

Studies on MHC particularly its association with anemia are inconsistent. Some studies reported 

that dual infection adversely affects hemoglobin (Hgb) concentration (Guyatt HL, 2001) whereas 

others reported differently (Cuadros DF, 2011, Mouala C, 2008, Nguyen-Dinh P, 1987). There is 

limited information on the collective impact of MHC on the Hgb levels and other RBC profiles 

in the general population (Tay et al., 2015). Although HIV and malaria infection is worrisome 

because of their coexistence in most African countries (Abu-Raddad et al., 2006), studies differ 

in their findings on the collective impact of the two infections (Saracino A, 2012, Whitworth J, 

2000). The hematological and the immunological problems in MHC was not observed clearly 

(Frischknecht and Fackler, 2016, Gonzalez R, 2012).  

This ambiguity is due to a lack of reliable data regarding the co-infection at a local or country 

level (Abebe Alemu1* et al., 2013, Tay et al., 2015). Malaria and HIV are known to be the most 

common public health problems in Ethiopia (Kassa D, 2005). However limited studies have been 

done that show their relationship to anemia and changes in hematology like RBC indices at the 

national level and particularly in this study area.   
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1.3 Significance of the Study 

 

Studies on MHC show that those patients who were co-infected with both diseases had lower 

CD4 counts, implying that they had lowered immunity. But earlier studies have failed to reveal 

important interactions between the two diseases (Corbett, 2002, Rowland-Jones, 2002).  

 

Several studies have provided indications that anemia is the most common hematological 

abnormality in MHC patients. However, some studies have made contrary observations that 

hematological profiles among MHC are not significantly different compared to HIV mono-

infected (Ojurongbe et al., 2014, Sanyaolu et al., 2013, Tay et al., 2015).  

 

Previous studies conducted in the 1980 and 1990s suggest no significant biological relationship 

between HIV and P. falciparum infections (Greenberg AE, 1991, Greenwood, 1998, Taha TE, 

1994). However, recent studies have shown that HIV infected women experienced consistently 

more peripheral and placental malaria, higher parasite densities, and severe anemia (Addissie et 

al., 2007). 

 

In Ethiopia where malaria and HIV co-endemicity is observed, there has been little or no 

research conducted regarding co-infections. Particularly, the effect of malaria and HIV/AIDS co- 

infections on RBC indices and its relation with CD4 count of patients on highly active 

antiretroviral therapy (HAART) is not available (Abebe Alemu1* et al., 2013). Therefore, the 

present study is aimed to compare RBC indices in malaria-HIV co-infected (MHC) and HIV 

alone, to correlate RBC indices and anemia with CD4 count of patients and also to describe the 

relationship between malaria species with different variables in MHC patients who were on 

HAART in Bench Maji Zone, Southwestern Ethiopia.  

 

This study compare RBC indices and anemia with a correlation of CD4 count in MHC and HIV 

alone and also describe the relationship between malaria species with different variables in MHC 

patients who were on HAART in Bench Maji Zone. The finding of the present study can be 

applied as baseline information to improve treatment efforts in managing co-infection of malaria 

and HIV/AIDS and for further research. 
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2    LITERATURE   REVIEW 

 

Malaria and HIV are major global public health problems, with a particular impact in SSA. 

Malaria and HIV share extensive epidemiological overlap, co-infecting large numbers of people 

in many African countries (Alemayehu, 2015).  

 

2.1 Malaria 

2.1.1 Definition, History and Species 

 

Malaria is an ancient human disease with deadly periodic fevers and splenomegaly which has 

been mentioned as early as 2700 BC in both Egyptian and Chinese writings. Progressively, 

malaria arrived in Rome by 200BC and in the 13-14
th

 century it spread to most European 

countries. Latter, it is assumed that European explorers and colonists imported P. malariae and 

P. vivax to the Americas and in the early 1800s malaria was found worldwide and by 1950s this 

disease was no longer an endemic disease within the United States (Lynne S. Garcia, 2010 ). 

 

Conversely, malaria still remains a major public health problem in SSA in spite of an increase in 

control efforts (Helen K Kimbi1, 2013). The clinical effect of malarial infection in African 

natives depends on the type of parasite, host, geographical and social factors. These factors in 

turn converge in Africans where it resulted in outcomes ranging from asymptomatic infection to 

severe disease and death (Helen K Kimbi1, 2013, Miller LH, 2002). 

 

Malaria is transmitted by the bite of the female Anopheles mosquito and it is a life-threatening 

vector-borne plasmodium parasitic tropical disease (WHO, 2017). It is an infectious disease- 

causing high morbidity and mortality and puts a major impact on global public health and 

economy (Paulo FP Pimenta1 and Rejane C Simões5, 2015, Siciliano and Alano, 2015).  

Five species [P. vivax, P. ovale, P. malariae , P. falciparum and P. knowlesi] of the protozoan 

genus Plasmodium infect humans, with P. falciparum and P. vivax causing over 200million cases 

yearly and P. falciparum causes the annual deaths of  6–700,000 in 2013 recorded mainly in 

children of SSA (SicilianoandPietroAlano*, 2015). Furthermore, P. falciparum and P. vivax are 
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the dominant malaria species worldwide with an incidence of 207 million and 8·5 million cases 

respectively according to the WHO report in 2016 (WHO, 2017).  

2.1.2   Epidemiology of Malaria 

 

Despite remarkable achievements in the eradication of malaria, the burden of malaria on  human 

and the global risk it still poses remains unacceptably high (WHO, 2016). Furthermore, 

Plasmodium species infecting diseases is found in 91 countries worldwide (WHO, 2017). 

Epidemics are increasing due to man-made conflicts and climate-associated disasters causing the 

movement of non-immune populations to malaria -endemic areas (Cheesbrough, 2009). 

The species distribution across the globe shows, in SSA vivax malaria is less common whereas in 

Asia and Oceania, malaria case numbers are generally lower and proportions caused by P. vivax 

and P.falciparum are similar but in the Americas, vivax malaria cases exceed falciparum by ≥2x 

(WHO, 2017). In Ethiopia, a study conducted in Arba Minch hospital reported higher prevalence 

of P. falciparum (64.5%) followed by 25% in P.vivax (Regasa 2014) . Furthermore, in Ethiopia 

study reported that P. falciparum accounts for 60% of malaria infections and P. vivax for the 

remainder of 40% (Tedros Adhanom, 2006). Historically, P. falciparum has exerted greater 

selective pressure on human evolution than any other pathogen (Cowman et al., 2016).  

Malaria is a globally a serious disease, resulting in 300–500 million cases yearly and 1.5–2.7 

million deaths annually (Singh et al., 2014) out of this Africa’s contribution is large. In 2009,out 

of 225 million cases of malaria globally 176 million were in SSA, which is nearly about 80% 

(Akinbo et al., 2016).  In addition, in 2015, 214 million people caught malaria, from these 

approximately 438,000 deaths globally. The African region contributed about 88 and 90% of the 

world’s malaria cases and deaths, respectively. Regarding malaria species, severe falciparum 

malaria encompasses a broad range of diseases than other species of malaria (Wassmer, 2015). 

Ethiopia is a tropical country with 3/4
th 

of the landmass with an altitude of <2000 meter being 

malarious, and about 68% (>50 million people) of the total population is residing in areas at risk 

of malaria infections. This makes malaria to be top-ranking disease in Ethiopia despite promising 

efforts made to date and its intensity weights much to P.falciparum (WHO, 2015b, Yitayih   

Wondimeneh, 2013). In Ethiopia, in 2015 over 2 million malaria cases and 662 deaths were 
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recorded, of which P.falciparum accounted for 63.7%, and the remaining were due to P. vivax. 

In Ethiopia, malaria cases are about 5 million per year on average (James, 2005) and it is the 

leading cause of health problems in the country (Abraham Tamirat*, 2016). 

2.1.3 The Life cycle of Malaria 

 

Malaria parasite exhibits a complex life cycle involving an Anopheles mosquito and vertebrate 

hosts that require the formation of unique zoite forms to invade different cell types at specific 

stages (Cowman et al., 2016, Siciliano and Alano, 2015). When an infected female mosquito 

bites a human, the sporozoites are inoculated and travel to the liver to invade hepatocytes and 

lasts for 1–2 weeks before the onset of the blood-stage (ELIZABETH A 2018) . In the liver, 

parasites replicate as hepatic schizonts until several thousand merozoites are produced and 

released in the bloodstream (Siciliano and Alano, 2015). This stage is also the stage where serial 

cycles of asexual replication produce rising parasite numbers and hence advancing human 

disease .The comprehensive life-cycle of the species of Plasmodium occurring in man comprises 

the exoerythrocytic and erythrocytic stages in the vertebrate host (parasites intermediate host) 

and the sporogonic cycle in the mosquito (definitive host and the sexual reproduction takes 

place) (A. Matteelli, 2015). 

   2.1.3.1 The Exoerythrocytic Stages of Malaria Parasites 

 

Malaria infection in the human host starts when the sporozoites are injected into the bloodstream 

during a blood meal by the mosquito. Although it is assumed that one single sporozoite is 

capable to initiate the infection in men, the number of sporozoites injected by a mosquito bite is 

supposed to vary from dozens to thousands. This number strongly affects the clinical picture: the 

greatest the sporozoite load, the shortest the incubation period, and the most serious the 

symptoms (A. Matteelli, 2015). Upon erythrocyte invasion in the bloodstream Plasmodium 

parasites undergo asexual replication forming mature schizonts whose rupture releases 

merozoites that invade new erythrocytes (Siciliano and Alano, 2015). 

   2.1.3.2 The Erythrocitic Stages of Malaria Parasites 

Erythrocytic stages of the malaria parasite is a transitional stage that transmits malaria to the 

mosquito via a blood meal. The erythrocytic stage of malaria parasite switches to sexual 
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development which produces female and male gametocytes (Josling GA, 2015, Bousema T, 

2011). This stages of malaria parasites has important implications in clinical practice because 

firstly this is the only stages causing the complex and varying spectrum of symptoms 

characterizing the disease in humans and secondly, the recognition of parasites in the blood of a 

patient allows the diagnosis of the infection and differentiation of various species of the causing 

agent (A. Matteelli, 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The Life Cycle of Malaria in the Human Host and the Anopheles Mosquito Vector. 

During a blood meal, a malaria-infected female Anopheles mosquito inoculates sporozoites into 

the human host (1). Sporozoites infect liver cells (2) and mature into schizonts (3), which rupture 

and release merozoites (4). After this initial replication in the liver (exo-erythrocytic schizogony 

(A)), the parasites undergo asexual multiplication in the erythrocytes (erythrocytic schizogony 

(B)). Merozoites infect red blood cells (5). The ring stage trophozoites mature into schizonts, 

which rupture releasing merozoites (6). Some parasites differentiate into sexual erythrocytic 

stages (gametocytes) (7). The gametocytes, male (microgametocytes) and female 

(macrogametocytes), are ingested by an Anopheles mosquito during a blood meal (8). The 

parasites multiplication in the mosquito is known as the sporogonic cycle (C). While in the 
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mosquito’s stomach, the microgametes penetrate the macrogametes generating zygotes (9). The 

zygotes in turn become motile and elongated (ookinetes) (10) which invade the mid-gut wall of 

the mosquito where they develop into oocytes (11). The oocytes grow, rupture, and release 

sporozoites (12), which make their way to the mosquito’s salivary glands. Inoculation of the 

sporozoites (1) into a new human host perpetuates the malaria life cycle (CDC, 2010). 

2.1.4   Pathogenesis of Malaria 

 

P. falciparum ,which is the most lethal Plasmodiae, is still a major cause of the disease burden 

and mortality in malaria-endemic areas (Rasti et al., 2004). Despite the prevailing differences in 

species, mostly malaria symptoms develop after the erythrocytic cycle produces parasitaemia 

level above 100 parasites/ µl as a threshold (ELIZABETH A 2018). However, different clinical 

manifestations also exist and vary in severity and outcome depending on the parasite species and 

the organ involved (Autino et al., 2012). Similarly, the incubation periods also vary. For 

instance, 10–14 days for P.falciparum, 2–3 weeks for P vivax and P ovale and 18 days or longer 

for P. malariae (ELIZABETH A 2018) . Clinical manifestations of P. falciparum infection are 

induced by the asexual stages of the parasite that develop inside red blood cells (RBCs) (Buffet 

et al., 2011).Severe malaria occurs when the parasite reaches the erythrocytic phase of the 

infection and starts to proliferate inside the erythrocytes (Rasti et al., 2004). 

A characteristic feature of P. falciparum malaria is the ability of the parasite-infected red blood 

cells (pRBCs) to adhere to host endothelium (Rasti et al., 2004) by a mechanism called 

cytoadherence, which is the ability of parasites to adhere to the vascular endothelium (Autino et 

al., 2012). These binding events eventually lead to the occlusion of the microvasculature in 

various tissues and organs, such as the brain in cerebral malaria (Rasti et al., 2004). This 

contributes to pathogenesis of severe malaria disease which is most often seen in P.falciparum. 

A number of host molecules have been implicated as receptors for parasite adhesion and 

P.falciparum erythrocyte membrane protein 1(PfEMP1) has been suggested as the key adhesive 

ligand of pRBCs (Rasti et al., 2004). P. falciparum differs from other human malarial species is 

that infected red blood cells (IRBC) do not remain in the circulation for the entire life cycle 

(Autino et al., 2012).  
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After 24–32 hours, when young parasites mature from the ring to the trophozoite stage, IRBC 

adhere to endothelial cells in the microcirculation of various organs following that sequestration 

will happen, which mainly occur to avoid splenic removal of IRBC (Autino et al., 2012). The 

spleen also senses and, possibly, processes non-infected RBCs altered by parasite-derived 

products (Buffet et al., 2011). These processes cause microcirculatory obstruction, impaired 

tissue perfusion, and inflammatory cell activation and it is linked to the severity of the disease 

(Autino et al., 2012). A combination of mechanical circulatory stress due to sequestration and 

excess inflammatory response contributes to the most severe manifestations of malaria (Autino et 

al., 2012) that gradually lead to impairment of blood flow which leads to hypoxia. Generally, 

hematological changes are the most common complications in malaria pathology and these 

changes involve not only RBCs but also leucocytes and thrombocytes (Singh et al., 2014).  

2.1.5   Physiologic Impact of Malaria 

The effect of falciparum malaria ranges from asymptomatic parasitemia to severe anemia, 

cerebral malaria, multi-organ failure, or death (Hochman and Kim, 2009). Severe anemia is 

another physiologic impact of malaria associated with excess malaria from poor prevention and 

control and the severity may  extend to the requirement of blood transfusion (Abebe Alemu1* et 

al., 2013). The causes for the pathogenesis of severe malarial anemia are supposed to be 

originated from multifactor such as hemolysis, depletion of iron stores and bone marrow 

suppression (Hochman and Kim, 2009). The normal response to hemolytic anemia is enhanced 

secretion of erythropoietin, leading to stimulation of erythropoiesis, but this mechanism seems to 

be defective in patients with malaria. Malarial infection is also responsible to increase RNA viral 

load in the placenta and it might promote macrophages and CD4+ cells to activate viral 

transcription and raise HIV-1 RNA concentrations (Abebe Alemu1* et al., 2013).  

2.1.6   The Clinical Features of Malaria 

Malaria infection produces a febrile illness invariably with non-specific symptoms that often 

include rigors, headache, nausea, and muscle pain (Cowman et al., 2016). These symptoms are 

indicative of uncomplicated malaria but makes clinical diagnosis unreliable and hence diagnosis 

needs  laboratory method (ELIZABETH A 2018). The other symptoms are specific and evident 

in severe falciparum malaria and this group is diagnosed by specific diagnostic criteria such as 
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cerebral malaria, renal failure and acute lung injury. Researchers have speculated that a specific 

PfEMP1 variant could bind receptors that are preferentially expressed in cerebral 

microvasculature, which is intercellular adhesion molecule 1(ICAM1) (DONDORP, 2005, 

Turner GDH, 1994). After ligand-receptor interaction, the focal manifestations of CM are 

observed which is the most lethal complication of severe P. falciparum infection (WHO, 2004a). 

Neurological symptoms often occur in fatal cases with no localizing lesions, and changes in the 

brain may not be accompanied by any related clinical phenomena (Clark and Cowden, 2003). 

Similarly, PfEMP1 binds with the receptors like CD36 (expressed on most vascular beds) and 

chondroitin sulfate A (CSA) which is expressed on the placenta for clinical manifestation of 

malaria (DONDORP, 2005). 

2.2   HIV/AIDS 

2.2.1   Definition of HIV/AIDS 

 

The Human Immunodeficiency Virus (HIV),an oncogenic retrovirus that depletes CD4 cells in 

peripheral blood and lymphoid tissues, is the etiologic agent of Acquired Immune Deficiency 

Syndrome (AIDS) and AIDS-related Complexes (ARC) (A.K. Onifade, 2007, Ratnam MVRa, 

2017). In AIDS, the term “Syndrome” has been used because AIDS encompasses a wide range 

of clinical diseases due to HIV that exposes the patient vulnerable to a host of life-threatening 

opportunistic infections (KHIANGTE L, 2007).  Due to this nature of AIDS, comorbidity such 

as TB, malaria and neurologic disorders are usual. For individuals with HIV, infection of 

additional pathogens is often paralleled by accelerated disease progression, enhanced morbidity 

and limitations in treatment options (Frischknecht and Fackler, 2016). Currently HIV co-

infections emerge as a global health priority. HIV endemic areas, particularly in SSA, largely 

overlap with that of Plasmodium parasites that cause malaria and co-infections with both 

pathogens are frequently. 

2.2.2 Epidemiology of HIV/AIDS 

Human immunodeficiency virus (HIV) infection remains the leading cause of morbidity and 

mortality in the glob (Tadele Girum1*, 2018). In SSA,HIV/AIDS is the leading cause of death 

where more than 70% are infected in this region (Gosellea et al., 2009).Globally, in 2006 an 

estimated 34–47 million people were infected with HIV/AIDS, approximately 4.3 million of 



  
 

12 
 

these being newly diagnosed infections (Skinner-Adams et al., 2008). In 2007 an estimated 33.2 

million people were living with HIV worldwide, out of these 2.5 million were children under 15 

years old and 420,000 children of similar age were newly infected with HIV and nearly 90% of 

all HIV-positive children live in SSA (Abebe Alemu1* et al., 2013).  Furthermore, in 2016 there 

were 36.7 million people living with HIV, 1.8 million new HIV infections, and 1 million AIDS-

related deaths and according to this summary in Eastern and Southern Africa 19.4 million adults 

and children were living with HIV/AIDS (UNAIDS, 2017b). In 2015, SSA contributed 76% of 

the total HIV-infected people, 76% of the total new HIV infections, and 75% of the total 

HIV/AIDS deaths (Wang H, 2016). As one of the sub-Saharan country, the case in Ethiopia is 

not different (Tadele Girum1*, 2018). 

2.2.2.1   Status of HIV/AIDS in Ethiopia 

 

The following table shows the recent status of HIV/AIDS in Ethiopia according to the report of 

UNAIDS Geneva, 2017 (UNAIDS, 2017a).   

Table 1: Global summary of the AIDS epidemic 2016 of Ethiopia 

The HIV Epidemic In ETHIOPIA 

 

 

New HIV Infections  

2005 2010 2016 

30,000 

[23,000-39,000] 

23,000 

[16,000-31,000] 

30,000 

[19,000-41,000] 

HIV Incidence per 1000 

Population  

0.45 

[0.34-0.58] 

0.30 

[0.2-0.41] 

0.33 

[0.21-0.45] 

AIDS- related deaths  85,000 

[71,000-100,000] 

39,000 

[25,000-52,000] 

20,000 

[13,000-31,000] 

People Living with HIV 920,000 

[730,000-1,100,000] 

720,000 

[560,000-910,00] 

710,000 

[570,000-880,000] 

 

2.2.3   Pathogenesis of HIV/AIDS 

HIV pathogenesis remains a fascinating topic that needs further study, although there is a greater 

understanding of the biology of HIV-1 and limited understanding of its molecular level.  Having 

a clear view of the exact mechanism of how the viral and host factors contributes to HIV 

pathogenesis is important for developing effective strategies to prevent infection. The known 
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means of HIV infection transmission is through the shedding of the virus HIV at the lesion site 

of the mucosal surface in contact with infected body fluids such as blood, semen, or vaginal 

secretions (Kyeyune, 2015). After infection, the entrance of  HIV into the human host immune 

system is by  the interaction that exists in between CD4 cells and the chemokine co-receptors 

(CCR5 and CXCR4) (Kyeyune, 2015). The two molecules on the HIV-1 envelope, the external 

glycoprotein (gp120) and the transmembrane protein (gp41) form the spikes on the virion surface 

(Ray N and 2006). This molecules attaché to the cell membrane by first binding to the CD4+ 

receptor (Viviana Simon, 2006). Subsequent interactions between virus and chemokine co-

receptors (CCR5, CXCR4) trigger irreversible conformational changes (ECKERT DM, 2001) . 

The actual fusion event takes place within minutes by pore formation and releases the viral core 

into the cell cytoplasm (Viviana Simon, 2006, Platt EJ, 2005). After the core disassembles, the 

viral genome is reverse transcribed into DNA by the virus’ own reverse transcriptase enzyme 

(Coffin, 1997). 

 

At the midpoint of infection, the viral enzyme integrase catalyzes the integration of virally 

derived DNA into the transcriptionally active domains of the host’s chromosomal DNA in the 

nucleus (Mitchell RS, 2004). This irreversibly transforms the host cell into a potential virus 

producer (Viviana Simon, 2006). Latter there will be pronounced depletion of CD4
+
 T cells 

which is located in lymphoid tissues. This has been observed in infected individuals with the 

gradual distraction of CD4
+
 T-lymphocyte populations. This is the hallmark of HIV infection 

with AIDS being the last disease stage (Mehandru S, 2004, Douek DC, 2003). Altering the RBC 

indices due to decreased value of CD4 cell count are the main pathologic features of HIV 

infection. Anemia is also the known complication of AIDS because of the decline of hemoglobin 

level following the infection (Kumar et al., 2016). 
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Figure 2: Pathogenesis of HIV/AIDS (CDC, 2019) 

2.2.4   Physiologic impact of HIV/AIDS 

The depletion of CD4
+
T lymphocytes by HIV infection puts the patients at risk for opportunistic 

infections, these are the major causes of death due to HIV and AIDS (Hochman and Kim, 2009). 

HIV infection targets the immune system and causes immunodeficiency in a setting of immune 

activation (Adeoti et al., 2015). However, it also has effects on the systemic inflammatory 

response, causing activation and apoptosis in a variety of immune cells as well as elevated levels 

of pro-inflammatory cytokines and chemokines in plasma and lymph nodes (Hochman and Kim, 

2009). This Immune activation is a potential means by which HIV affects disease course and 

outcome in other infections, such as malaria. For malarial co-infection the advent of HAART has 
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been reported to reduce the morbidity and mortality caused by HIV infection (Akinbo et al., 

2016, Hochman and Kim, 2009).  

Though the HAART is introduced, there are reports of malarial infection among HIV infected 

patients on HAART (Akinbo et al., 2016). Due to this, since 2009 CDC has included malaria in 

the list of AIDS-related opportunistic infections. Although malaria is not among the leading 

causes of death in HIV-infected patients on a global context, it has been identified as the third 

most important source of HIV-related morbidity in Africa (Siwalee Rattanapunya1 et al., 2015). 

Furthermore, anemia is an important physiologic impact in patients with HIV/AIDS which can 

have serious implications that range from functional and quality of life decrements to decreased 

survival. The causes of anemia in patients with HIV infection may involve blood loss and other 3 

basic mechanisms: decreased RBC production, increased RBC destruction, and ineffective RBC 

production (Volberding et al., 2004).               

 

2.3 Malaria and HIV/AIDS Co-infection (MHC) 

   2.3.1   Definition of MHC 

 

Malaria and HIV infections are two disease conditions of major public health problems in many 

parts of the world with great public health concerns in SSA where the dual infection fuels the 

spread of both diseases (Omoti et al., 2013, Tay et al., 2015).  

 

In many parts of the developing world such as SSA, the geographic overlap between HIV/AIDS 

and malaria is extensive. In fact, Africa’s catastrophic burden of disease resulting from HIV-

associated TB and severe malaria in individuals with HIV (Cohen et al., 2005, Maher D, 2005, 

Ter Kuile FO, 2004, Van Eijk AM, 2002) is emerging as one of the first great human tragedies of 

the 21st century (PETER J. HOTEZ*, 2006. ) .  
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Table 2: AIDS and Malaria Pathogens (Frischknecht and Fackler, 2016) 

AIDS Etiological agent HIV-1/2 (Human Immunodeficiency virus type 1/2) 

Number of infections Currently 37 million people infected,worldwide,39 million deaths since 1980 

New infections/year 2 million 

Geographic distribution Worldwide but most endemic in SSA and South-East Asia 

Treatment approaches Lifelong antiretroviral therapy, no cure 

Vaccine Not available 

Transmission means Sexually, mother-to-child 

Malaria Etiological agents P. falciparum, P.vivax, P.ovale, P.malariae, P. knowlesi 

Number of infections > 200 million infected people worldwide, 0.5 million deaths/year 

New infections/year 200 million 

 

Geographic distribution 

Historically worldwide but currently most endemic in sub-Saharan Africa, 

South-East Asia, Central and Southern America 

Treatment approaches Various combination therapies 

Vaccine Not available 

Transmission means Bite of Anopheles mosquito 

 

2.3.2 Epidemiology of MHC 

There is scarcity of reliable data documenting the incidence of MHC in individuals at a country 

or regional level. But data that highlight the overlap of these two diseases are emerging (Skinner-

Adams et al., 2008), because a significant number of HIV-infected individuals live in regions of 

malaria transmission and their synergism affect millions of people worldwide (WHO, 2004b). 

Endemic areas of infection with HIV, particularly in SSA, largely overlap with Plasmodium 

parasites. Co-infections with both pathogens are frequent, very common in SSA and are the two 

most important global health problems currently that warrant priority (Akinbo FO, 2009).This 

might be one of the reasons why SSA has the highest burden of HIV and its decrement to the 

level of extinction was prevented by the amplification effect of malaria (Tebit E Kwenti1, 2018, 

Nyabadza F, 2015). According to the WHO report on malaria and HIV interactions (2004) 

malaria and HIV cause more than 4 million deaths yearly, in areas where there is a geographic 
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overlap  of both infections exists . The major epidemics and burden of  MHC occur in SSA, 

South-East Asia, Latin America and the Caribbean (Abebe Alemu1* et al., 2013).  

 

Both diseases are widespread, but their distribution greatly overlaps in SSA (Kwenti, 2018). 

Consequently, MHC is common in this region .Zimbabwean study sheds an insight into spatial 

overlaps between HIV/AIDS and malaria by using a spatial scan test by which they found five 

districts in the northern and eastern regions of Zimbabwe being with the overlap of HIV/AIDS 

and malaria (Isaiah Gwitira1* 2018).  In SSA, in a study involving 41 countries, HIV infection 

was thought to have caused an average increase in the prevalence of malaria of 1.3% and 

malaria-related mortality of 4.9%  from that an extra 3 million cases of clinical malaria and 

65,000 malaria-related deaths could be attributable to HIV infection in Africa every year 

(Korenromp EL, 2005). The illness and death due to MHC are originated from the fact that 

infection with one can make infection of the other to be worse and more difficult to treat. These 

have devastating effects on those living in malaria- endemic regions throughout the world 

(Abebe Alemu1* et al., 2013).  

 

Because of the high prevalence of HIV/AIDS and malaria in SSA, MHC are common and their 

comorbidity especially in this region is also high (Frischknecht and Fackler, 2016, Tay et al., 

2015). Because they remain extremely serious infectious diseases with high morbidity and 

mortality, particularly in third-world countries (Siwalee Rattanapunya1 et al., 2015).  

In Ethiopia, people residing in regions where HIV and malaria are highly endemic are prone to 

develop co-infection. In Ethiopia, rapid increase of malaria and HIV overlap necessitate an 

increased need to improve our understanding of the epidemiology of malaria and HIV (Abebe 

Alemu1* et al., 2013, Asmamaw et al., 2013). Although, malaria and HIV share extensive 

epidemiological overlap and co-infecting significant  number of people in Ethiopia,  the burden 

of MHC in our country is not well documented (Alemayehu et al., 2015). Certain factors such as 

poverty, immunity, age, gender and residency can influence the epidemiology of MHC (Skinner-

Adams et al., 2008). HIV/AIDS and malaria are highly endemic with a wide geographic overlap 

in SSA; some countries in this region are most severely affected, such as Cameroon, Central 

African Republic, Malawi, Mozambique, Zambia and Ethiopia where more than 90% of the 
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population is exposed to malaria and HIV with the prevalence of above 10% and the age bracket 

of 15-49 years are more affected (WHO, 23 – 25 JUNE, 2004 ). 

 

2.3.3 The Interaction between MHC 

Available findings attempt to imply the pathological interactions between HIV and malaria in co- 

infected individuals but the public health consequences of this interaction between MHC have 

not been understood clearly. This obscures designing an integrated program for combating HIV 

and malaria. This warrants additional information to determine the burden of malaria among HIV 

infected in order to design appropriate strategies for malaria prevention and control in these 

individuals (Sahle et al., 2017, Tay et al., 2015). Studies suggest an impact of the two pathogens 

on the outcome of each other. However, little is known about the mechanisms underlying the 

cross-enhancement between both infections. The reason for being understudied likely reflects 

that the life cycles of these two pathogens in infected individuals appear to be spatiotemporally 

separated (Frischknecht and Fackler, 2016). 

Studies reported that an increase of 1 log in HIV viral load occurs during febrile malaria episodes 

enhancing susceptibility to malaria in HIV infected patients and this was found to facilitate the 

expansion of malaria in areas where HIV was high (Abu-Raddad et al., 2006, Omoti et al., 2013). 

On the other hand malaria leads to an increase in the viral load of HIV and hence increases the 

probability of transmission and prevalence of HIV and this significantly affect the public health 

in the areas where both diseases are co-endemic. Conclusively, available data show that malaria 

and HIV infection interact to bring about dysregulation of the immune system due to the 

complex activation of immune cells (Flateau C, 2011, Hochman S, 2009).  

The overlap and interaction between these co-infections end up an increased level of morbidity 

and mortality. However, HIV prevention and malaria control programs are not well-integrated at 

strategic and operational levels (Reithinger, 2009). Therefore, lack of integration in the treatment 

approach and the synergistic interaction of these two pathogens in human hosts makes the 

communities in the regions of both infections suffer a double burden of these 2 infections (Naing 

et al., 2016, Omoti et al., 2013). 
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2.3.4   Expected Mechanisms of Interaction between MHC 

Evidence of interactions between malaria and HIV in adults showed that areas with stable 

malaria have a high risk of malaria infection due to increased HIV infection with advanced 

immunosuppression. On the other hand in settings with unstable malaria, HIV-infected adults are 

at increased risk of severe malaria and death. Therefore, the impact of HIV on malaria is 

modified by the endemicity and stability of malaria transmission (Focà E, 2012;).  

P. falciparum infection is endemic in tropical countries and may infect HIV patients living in this 

region at one time during the course of their infection and both enhance their effect by 

interacting in three different ways. Biological based, in which malaria enhances viral load in 

HIV-infected patients and a decline in CD4+ T-cell count which can increase the chance of HIV 

transmission and parasites density (Abu-Raddad LJ, 2006, Franke MF, 2010, IN., 2014). Clinical 

based, where HIV contributes to severe malaria manifested as anemia, while malaria causes 

progression of HIV to AIDS (Ouedraogo SM, 2015). In immunological based, there is complex 

activation of immune cells and production of cytokines and antibodies followed by malaria and 

HIV interaction with the host’s immune system (Kwenti, 2018). However, both HIV and malaria 

pathogens do not co infect the same cell. The pathophysiological cross-talk is not pathogen-

specific and also specific physiological sites in which co-infection interact is lacking although 

lymphoid organs are suspected (Frischknecht and Fackler, 2016). The interaction between 

HIV/AIDS and malaria effect on their respective natural history in different age groups are left 

for other studies (WHO., 2004) .  

Generally, the two interact bi-directionally and synergistically with each other where HIV 

infection increases the risk of malaria infection by decreasing CD4 count and the increased 

parasite facilitates higher rates of malaria transmission that may increase HIV viral load 

transiently which potentially accelerate HIV disease progression. Therefore, either infection 

might influence the clinical course of the other (Abebe Alemu1* et al., 2013). 
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2.3.5   Physiologic Impact of MHC 

 

Understanding the impact of MHC is vital for determining approaches to treatment, prevention 

and control of both although there is uncertainty on the physiologic impact of MHC (Naing et al., 

2016, Tay et al., 2015). 

 

Cohort studies have shown that malaria infection contributes to a transient rise in plasma HIV 

viral load, even during asymptomatic parasitemia (Hochman and Kim, 2009, Siwalee 

Rattanapunya1 et al., 2015). Reciprocally, the immune deficiency caused by HIV infection 

reduces the immune response to malaria parasitemia. Reduced immunity increases the frequency 

of clinical attacks of malaria. Hence, HIV infection affects the clinical presentation, severity and 

response to treatment of malaria cases (Abebe Alemu1* et al., 2013). Due to this fact HIV-

induced immunosuppression contributes to frequent and severe malaria that leads to anemia 

(Ouedraogo SM, 2015).  

 

Furthermore, hematological abnormalities like anemia were documented as an independent 

predictor of morbidity and mortality in MHC than HIV alone (Tsion Sahle1, 2017).  A 

retrospective study from Senegal also showed higher malaria-related mortality in HIV-infected 

patients (58% ) than in HIV-uninfected patients (19%) (Soumaré M, 2008). On the other hand 

the effect of MHC is greater in patients with immunosuppressed (Kwenti, 2018) due to the 

declining off CD4-cell count in HIV infected individuals (Siwalee Rattanapunyaa, 2015). 

Some studies reported that the destruction of CD4+cell increases the odds of having clinical 

malaria at a routine visit that increases with advancing clinical stage of HIV (Omoti et al., 2013). 

Since HIV reduces the host's immune response to infectious agents, it is associated with 

increased risk of severe malaria by double and risk of death by six to eight fold in adults 

(Grimwade K, 2004).  

Any interaction between them poses a significant impact on public health. Because both malaria 

and HIV have a profound physiological impact on infected patients separately (Hochman and 
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Kim, 2009). One of the consequences in MHC is anemia. However, studies on MHC and its 

effects on anemia showed varied results (Naing et al., 2016).  

Some studies reported that the physiologic impacts of MHC includes a reduction in the blood 

parameters such as, Hgb, PCV, platelet count ,and CD4
+
 T cell counts in co-infected patients 

compared to patients with single infections of either type. These changes are due to the impact of 

infection of both pathogens individually in which HIV can result  myelossupressive effect, while 

malaria through hemolytic effect (Tchinda et al., 2012). 

 

In malaria patients anemia with multifactor, thrombocytopenia and low platelet count are the 

classical features. Similarly in HIV, blood cell abnormalities are multifactorial in its nature. 

Immune mechanisms, drugs, opportunistic infections, or direct insult of HIV are some of the 

factors. But both can cause hematological abnormalities independently. These hematological 

abnormalities are strong, independent predictors of morbidity and mortality in MHC individuals 

than HIV mono-infected individuals (Omoti et al., 2013, Sahle et al., 2017, Wankah et al., 2014).  

 

Furthermore ART drugs like Zidovudine in HIV/AIDS patients, confounding factors like co-

medication and other diseases (e.g., TB, hepatitis B and C, diabetes mellitus, renal failure, and 

chronic liver disease) in the participants may cause anemia. These factors should be kept in mind 

when interpreting the findings (Naing et al., 2016). 

CD4
+
 T cells have a major role in the development and maintenance of anti-malaria immunity, 

but HIV infections interfere with this immunity (Sanyaolu AO, 2013) by the mechanism of 

lymphoid tissue necrosis throughout some lymphatic organs. This compromises immunity in co-

infection and increases the chance of malaria infection (Troye-Blomberg M, 2008). Furthermore, 

cytokines are secreted due to HIV-induced hyper-activation of CD4+ and CD8+ effector cells. 

This causes down-regulation of CD4+ T cells and up-regulation of parasitemia leading to fatal 

malaria and a rapid progression to AIDS (Ryan-Payseur B, 2011). HIV patients with a CD4 

count 200 cells/µl have a higher risk of malaria compared to those with a higher CD4 count. 

Furthermore, a study from Nigeria observed a significant decrease in the CD4
+
 count of patients 

infected with malaria attending the  HAART (Agbede OO, 2010). Therefore, increased severity 
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of malaria symptoms probably occurs as a consequence of the falling of the CD4-cell count in 

HIV infected individuals according to Ugandan studies that found an increasing number of 

episodes of clinical malaria among HIV-infected adults with significant fall in CD4
+
T cell counts 

(Cohen et al., 2005, Omoti et al., 2013, Siwalee Rattanapunya1 et al., 2015). 

Even though there is an increased effect of malaria in HIV infected individuals, only a few 

studies conducted in SSA have been able to report the infecting Plasmodium species in MHC 

(Jegede et al., 2017, Wondimeneh et al., 2013, Ouedraogo SM, 2015).  

In SSA, P.falciparum is the major species among MHC although molecular evidence shows that 

other Plasmodium species are also causing malaria in HIV infected patients (Nyabadza F, 2015). 

For instance study from Northwest Ethiopia reported a prevalence of 27.4% of P. vivax among 

MHC patients (Wondimeneh et al., 2013) and other species of plasmodia (P. malariae and P. 

ovale) may also be interacting with HIV in SSA (Kwenti, 2018). 
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2.4 Hypothesis of the Study 

 

 

HO: Malaria and HIV/AIDS co-infection have no different effect on RBC indices, anemia and 

no relation with the recent CD4 count of patients on HAART as compared with HIV alone 

infected.  

 

 

HA: Malaria and HIV/AIDS co-infection have a different effect on RBC indices, anemia and has 

relation with the recent CD4 count of patients on HAART as compared with HIV alone infected.  
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3. OBJECTIVES OF THE STUDY 

  

3.1   General Objective 

 

 To compare mean difference of RBC indices and prevalence of anemia with their 

correlation of recent CD4 count of malaria-HIV/AIDS co-infected and HIV/AIDS 

without malaria patients on HAART in Bench Maji Zone, Southwest Ethiopia.  

 

3.2   Specific Objectives 

 
 To compare mean differences of RBC indices in patients with malaria-HIV/AIDS 

co-infection  and HIV/AIDS without malaria 

 

 To assess the correlations between different RBC indices and CD4 count among 

Malaria-HIV/AIDS co-infected and HIV/AIDS without malaria 

 

 To compare the prevalence and characteristics of anemia among patients with 

malaria -HIV/AIDS co-infection and those with HIV/AIDS without malaria. 

 

 To describe the relationship between malaria species with sex, stage of HIV/AIDS, 

CD4 count and anemia status among malaria -HIV/AIDS co-infected patients. 
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4. MATERIALS AND METHODS 

      4.1 MATERIALS 

            4.1.1   Study Area 

This study was conducted at ART units of health institutions, found in Bench-Maji Zone, 

Southwest Ethiopia. Bench Maji Zone is one of the parts of the Southern Nations, Nationalities, 

and Peoples’ Region (SNNPR). The maximum elevation of the zone is 2500 meters above sea 

level with three ecological zones; 52% lowland (“Kolla”), 45% medium altitude (“Woynadega”) 

and nearly 5% highland (“Dega”). Annual rainfall of the zone ranges from 400-2000mm and the 

main rainy season ranges from June - September. The zonal capital Mizan-Teferi is found 574 

Km southwest of Addis Ababa. According to an unpublished zonal report, the 2017 total 

projected population of the zone was 858,177 people. There are two hospitals of which one is the 

University Teaching Hospital. The zone has about 40 health centers. 

4.1.2 Source and Study Population 

All registered HIV/AIDS patients who had a regular follow up and were on HAART in Bench 

Maji Zone were considered as a source population. The study population on the other hand was 

those HIV/AIDS patients who visited the health facilities during the study period, fulfilled the 

inclusion criteria and voluntarily consented to participate in the study.      

4.1.3 Study Subjects 

The study was conducted on 103 Malaria-HIV/AIDS co-infected and 103 only HIV/AIDS 

infected patients on ART. 

4.1.4 Equipments Used in Study 

For data collection, a structured questionnaire adopted from the World Health Organization and 

other literatures of similar studies were used. EDTA Tube which is anti-coagulated to prevent 

blood clotting, microscope for malaria diagnosis and species detection, alcohol swab for cleaning 

the part where the sample is collected, syringes for blood sample collection, surgical glove for 

safety, ice bag for transporting blood sample from health centers for CBC and Hematology 

analyzer (for performing complete blood count) were the materials used during the study. 
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4.1.5 Eligibility Criteria 

    4.1.5.1 Inclusion Criteria 

The following criteria were used to include subjects in the study 

 All HIV/AIDS patients on HAART, who were scheduled to visit the ART units of health 

facilities at regular intervals for routine medical review, 

 All HIV/AIDS on HAART with clinical manifestations of malaria such as febrile illness 

in the case of malaria-HIV/AIDS co-infected. 

 Those patients who were not using anti-malarial drugs for the past 2 months 

 Patients with no risk for chronic diseases like hepatitis, renal failure, tuberculosis and 

diabetes mellitus 

 Those who gave their consent to participate in the study   

4.1.5.2 Exclusion Criteria 

Patients with risk for liver diseases and other diseases such as anemia, all pregnant women on 

HAART, patients who were on chemotherapy and those patients who were not responding to 

HAART, patients who were using anti-malarial drugs for past 2 months were excluded. 

 

4.2 METHODS 

4.2.1   Ethical consideration 

Prior to data collection ethical clearance was obtained from the Research and Ethics Committee 

of the department of Medical Physiology, Addis Ababa University (AAU) with a protocol 

number of Anat/Phy/162/2018. Following submission of this letter to Bench Maji Zone Health 

Office, a letter of support was written to Biftu and Sheko Health Center and to Mizan-Tepi 

University Teaching Hospital (MTUTH). Subjects were informed about the aim, procedures and 

side effects in relation to minor-invasive but not harmful procedures during blood sample 

collection. Following the orientation and further feedback to their doubt, written and oral 

informed consent were secured with the option to withdraw from participation in the study 

without any precondition at any time. After all the necessary procedures were secured, the data 

were collected and stored with the unique code for each participant to maintain privacy and 
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confidentiality. All the required antiseptic procedures were followed while taking blood samples 

to minimize any risk of infection. 

4.2.2 Study Design and Period 

Comparative cross-sectional study design was employed. The study was conducted between 

April /2019 and June/2019.  

4.2.3 Sample Size 

The sample size for this study was determined based on the formula for the double population 

proportion. The following two-sided population proportion formula was used for the 

determination of the sample size for this particular study. 

                          n= (p
-
) (1-p

-
) (Zα /2+Zß)

2
 r+1/r 

                                                E
2
 

Where, 𝑝-
= (p1+p2)/2.  

𝑝
-
 (1- 𝑝-) is a measure of variability, which is similar to standard deviation. 

E=p1-p2 is the effect size that is the difference in means or proportions.  

n=required minimum sample size for the cases  

P1 (Prevalence of event in cases) =0.60 

P2 (Prevalence of event in controls) =0.40 

 E
2
 (effect size difference in proportion) = (0.6-0.4)

2
=0.04 

𝑝-= (P1+P2)/2 = (0.6+0.4)/2=0.5and 1-p
-
=1-0.5=0.5 

Zα (at 95% level of significance) =1.96 

Zβ (for 80% power of the test) =0.84 

r is proportion of controls to cases =1  

This figures were taken from previous study entitled “Effect of malaria infection on 

hematological profiles of people living with human immunodeficiency virus(HIV) in Gambella, 

southwest Ethiopia”(Sahle et al., 2017).  

Therefore, based on this assumption the sample size was calculated as follows. 
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                          n= (p
-
) (1-p

-
) (Zα /2+Zß)

2
r+1/r 

                                                E
2
 

 

  
(   ) (   ) (         ) )

(       ) 
⌈1+1⌉/1 

  
(    ) (   ) ( )

    
~98 

 Considering double proportion, the required sample obtained will become 196 study participants 

and including a 5% non-response rate the total sample size was made to be 206. Among them 

103 participants were Malaria-HIV/AIDS co-infected (MHC) while the remaining 103 were 

HIV/AIDS patients without co-infection. 

4.2.4 Sampling Technique 

The two health centers in the zone providing ART services and Mizan Tepi University Teaching 

Hospital (MTUTH) found in the same zone was selected by convenient sampling method. The 

sample size was distributed to three health institutions based on the number of HIV/AIDS 

patients on ART in each health institution. The total number of HIV/AIDS patients on ART in 

three health institution was 1981. ART followers in MTUTH were 1734, in Biftu Health center 

126 and in Sheko Health center 121. By calculating the proportions of HIV/AIDS patients to 

each health institution, finally we sampled 176 HIV/AIDS from MTUTH, 16 from Biftu Health 

center and 14 HIV/AIDS participants from the Sheko Health center.  

Systematic random sampling technique was employed to select only-HIV infected (OH) 

participants and the incidental sampling technique was used to recruit Malaria-HIV/AIDS co-

infected (MHC). To recruit OH, based on the previous one month patients follow at each facility 

the total number of the patients that will visit each facility was roughly estimated. Then, the 

interval (K) was calculated for each facility separately. The starting points were randomly 

selected using the lottery method and finally, the study participants were selected from each 

facility every K values until the sample size was fulfilled. Those patients who were included as 

OH infected and came again with malaria infection during the study period, were excluded. 
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4.2.5 Tools and Procedure of Data Collection 

        4.2.5.1 Administration of Questionnaire 

Standardized questionnaires from WHO and related studies were adopted and used to assess 

socio-demographic characteristics, ART status, malaria diagnosis and measurement of RBC 

parameters. Training was given to the focal person and laboratory technologists of each ART 

unit about the purpose and procedure of the study, which includes interview, blood sample 

collection, handling, labeling and transportation. Subjects who fulfilled the inclusion criteria 

were requested to complete the questionnaire. The questionnaire was translated into Amharic 

language, because all the participants were able to listen as well as speak Amharic during their 

routine follow up in the ART units. Later it was re-translated back to English, to keep the 

consistency of the questions during data entry and analysis. I supervised the data collection and 

transport the sample from health centers to hospital on a daily basis for Complete Blood Count. 

The microscopic test for malaria was conducted in each health facility. The patient’s record was 

reviewed for recent CD4 count, stage of HIV/AIDS, ART regimen, type of ART regimen, 

duration on ART and other relevant information. 

4.2.5.2 Measurements of Red blood cell indices 

Since the volume of blood we required was for more than one laboratory test and to avoid rapid 

clotting of blood in tropical temperature, venous blood was preferred. During blood sample 

collection adequate safety precautions were taken in order to ensure the reliability of test results 

and avoid the risk of infection. Under aseptic condition,5ml of venous blood samples were 

collected in to EDTA tube daily and kept in to freeze with a temperature of 8 to 10
0
C until 

laboratory investigation. The blood into EDTA was mixed with anticoagulants by inverting the 

tube properly to avoid blood clots before laboratory investigations. To assure the quality of the 

laboratory data standard operating procedure (SOP) for each test was followed. For complete 

blood count measurement, Automated Hematology analyzer by Electrical Impedance Method 

was used with strict adherence to the manufacturer’s instruction. The automated Hematology 

analyzer operates by impedance principle of cell counting for measuring complete blood count. It 

operates by the following procedures. 
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The impedance principle of cell counting is based on the detection and measurement of changes 

in electrical resistance produced by cells as they pass a small aperture. Cells suspended in an 

eclectically conductive diluent such as saline are pulled through an orifice in a glass tube. In the 

counting chamber, low-frequency electrical current is applied between external electrodes 

(suspended in the cell dilution) and an internal electrode (housed inside the aperture 

tube).Electrical resistance (impedance in current) between the two electrode occurs as the cells 

pass through the sensing orifice, causing measurable voltage pulses. The screen on instruments 

displays the pulses that are generated by the cells as they interrupt the current. The number of 

these pulses is in proportional to the number of cells counted (Red cell counts) and the size of the 

voltage pulse is proportional to the size or volume like mean cell volume of the cell, thus 

allowing discrimination and counting of specific-sized cells through the use of threshold circuits. 

4.2. 5.3 Test for Malaria 

A blood smear microscopy method was used for a malaria tests. Using a clean microscope slide 

6μl of EDTA whole blood was used for thick smear and 3μl for thin smear preparation. The 

procedure for both thick and thin blood smear microscopy was adopted using 3% Giemsa 

staining procedures as described by the World Health Organization (WHO) (WHO, 2015a). 

The smears were allowed to dry and thin smear was fixed in absolute methanol before the slide 

was stained with freshly prepared 3% Giemsa stain for 45 minutes. Then the preparation was 

differentiated with 7.2 pH buffer distilled water, washed and dried before examining using light 

microscopy. This gives the best staining of malaria parasites. In brief, using whole blood thick 

and thin films were prepared and blood film examination was conducted according to a Standard 

Operating Procedure (SOP). Thin blood film is required to confirm plasmodium species while 

the thick film is required for the detection of malaria parasites. 

4.3 Data Quality Assurance 

Data collectors were trained professionals, focal personnel in ART were involved in medical 

interview of the study participants whom he/she follow in order to avoid hindrance and to keep 

confidentiality. Close supervision by the principal investigator was given on a daily basis. The 

validity of the questionnaire was assured by performing pretest. The drawn sample was kept into 

EDTA tube with an anticoagulant to prevent coagulation, the EDTA tube was labeled carefully 
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with the patient’s code and kept into the freezer and transported within 24 hours. The proper 

functionality of the instrument was assured before operating. After completing the laboratory 

procedures, questionnaires and laboratory results were checked for completeness and consistency 

by the principal investigator. Furthermore, data were checked while entering into EpiData 3.1. 

4. 4 Data Analysis 

Statistical Package for Social Science (SPSS) version 21 was used to summarize and analyze 

socio-demographic and clinical characteristics. To determine the mean difference (Mean ± SD) 

of the RBC indices in MHC and HIV /AIDS alone, independent samples T- test and Chi- 

square(X
2
)test was used. Pearson correlation was used to assess the relationship between RBC 

indices and CD4 count. The prevalence of anemia in MHC and OH was compared using Chi- 

square to see statistical association among variables. P< 0.05 was taken as the significance level. 

4.5    Dissemination of The Results 

The result of this study will be presented to the Department of Physiology, Addis Ababa 

University.  
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4.6 Operational Definitions 

 

The following are the major Terms/Concepts used in this study defined as follows:  

Anemia: Hgb level <13 g/dl for male and Hgb <12 g/dl for female 

Mild Anemia: Hgb level between 11-12.9 g/dl for male and 11-11.9g/dl for female  

Moderate Anemia: Hgb level between 8-10.9g/dl for both male and female 

Severe Anemia: Hgb level less than 8g/dl for both male and female 

CD4 Count:   It is a count of the cluster of differentiation 4 which is found on the surface 

of helper T cells that is the receptor for HIV cells. 

Febrile Illness: Non-specific symptoms of malaria which often include rigors, headache, nausea, 

fever, muscle pains and body temperature of >37.5 degree Celsius.  

HAART: A first- line or second-line ART drugs that are given to HIV/AIDS patients  

HIV/AIDS:  Is the Human Immunodeficiency Virus (HIV), which is the etiologic agent of 

Acquired Immune Deficiency Syndrome (AIDS) and AIDS-related Complexes (ARC). 

Malaria Infection:  Is defined as the presence of P. falciparum or P.vivax species on peripheral 

blood smears with symptoms associated with malaria, including fever during the previous 48 

hours, myalgia, weakness, and headache. 

Malaria-HIV/AIDS co-infection (MHC):  Dual infection of malaria and HIV in endemic areas 

of both diseases. 

RBC Indices:  Are parameters of RBC which include Hemoglobin (Hgb), Hematocrit (HCT), 

Mean Cell Volume (MCV), Mean Cell Hemoglobin (MCH), Mean Cell Hemoglobin 

Concentration (MCHC) and Red cell Distribution Width (RDW). 
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5. RESULTS 

5.1 Socio-demographic Characteristics of the Study Participants 

A total of 206 study participants completed the study. The average (mean±SD) age of the 

participants was 34.54±7.82 in MHC and 36.12±7.78 in OH infected groups, the age bracket 31-

40 years comprises the highest percent (41.3%) while the age group 10-20 years was the least 

(3.9%). Female participants were 53.9 % from the total and higher in both MHC and OH groups, 

53.4% were married and 11.1%were single. About 20% were government employees, 32%were 

merchants and 24.76%were farmers. Rural dwellers were 37.8%, of which the majority (26 %) 

was MHC and 62.2 % were urban dwellers; out of which 38.4 % were OH. The residency was 

significantly associated with MHC and OH (p≤0.001). 81.5% were educated at the primary level 

and above; while 18.5% were uneducated (p≤0.03). Nearly 73.3% believed that the use of a bed 

net can prevent malaria, 71.8% of MHC and 74.8%of OH patients used bed net and the 

difference between the groups was statistically significant (p≤0.05).The detail is depicted in 

Table 3. 

Table 3: Socio-demographic Characteristics of the Study Participants 

Variables   MHC 

(N=103) 

 OH 

 (N=103) 

    Total (%) 

    (N=206) 

Age(In years) 

10-20 

 

  4(3.9%) 

   

  4(3.9%) 

   

   8(3.9%) 

21-30 

31-40      

41-50 

 

Sex              

Male 

Female  

 

Marital Status 

Married 

Single           

Divorced  

Widowed 

34 (33%) 

39 (37.9%) 

26(25.2%) 

 

 

45 (43.7%) 

58(56.3%) 

 

 

63(61.16%) 

18 (17.47%)        

  18(17.47%)        

    4(3.88%)   

 

24 (23.3%) 

46 (44.7%) 

29(28.2%) 

 

 

50 (48.5%) 

53(51.5%) 

 

 

47(45.63%)  

5(4.85%) 

37(35.9%) 

14(13.6%) 

 

58(28.2%) 

85(41.3%) 

55(26.7%) 

 

 

95(46.1%) 

111(53.9%) 

 

 

110(53.4%)
 
 

23(11.1%) 

55(26.7%) 

18(8.73%) 

 

Occupation   

 Government employee 

Self-employed 

 

26(25.24%) 

12(11.65%) 

 

15(14.56%) 

21(20.4%) 

 

41(20%) 

33(16%) 
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 Merchant 

 Farmer 

Other 

 

30(29.12%) 

25(24.3%) 

10(9.7%) 

 

36(34.95%) 

26(25.24%) 

5(4.9%) 

 

66(32.04%) 

51(24.76%) 

15(7.28%) 

 

Residency     

Rural                                    

Urban 

 

54(52.4%) 

49(47.6%) 

 

24(23.3%) 

79(76.7%) 

 

78(37.9%)
 * 

128(62.1%) 

    

Ethnic group   

 Bench 

 Sheko 

 Kaffa 

 Amhara 

 Other 

 

 

9(8.73%) 

11(10.68%) 

22(21.36%) 

30(29.13%) 

31(30.09%) 

 

8(7.77%) 

8(7.77%) 

19(18.45%) 

42(40.78%) 

26(25.24%) 

 

17(8.25%) 

19(9.22%) 

41(20%) 

72(34.95%) 

57(27.67%) 

 

Educational Status                
Uneducated 

Primary school 

Secondary school 

Above secondary 

 

 

 

13(12.62%) 

46(44.66%) 

 15(14.56%) 

 29(28.16%) 

 

25(24.27%) 

44(42.72%) 

19(18.45%) 

15(14.56%) 

 

38(18.5%)
 * 

90(43.7%) 

34(16.5%) 

44(21.4%) 

 

    

Malaria prevention Method                         

Anti-malarial tablets                

Bed nets 

 Environmental sanitation 

 Other means                         

 

15(14.56%) 

74(71.84%) 

6(5.82%) 

8(7.77%) 

 

6(5.82%) 

77(74.75%)  

16(15.53%)  

    4(3.88%) 

 

21(10.19%)
 * 

  151(73.3%)
 

22(10.68%) 

12(5.83%) 

 

Bed-net use/week            

Once/week                        

Twice/week 

Three times/week 

  ≥ Four times/week  

 

 

 

10(11.62%) 

20(23.25%) 

14(16.3%) 

42(48.8%) 

 

 

5(5.61%) 

8(8.98%) 

3(3.4%) 

73(82%) 

 

 

15(8.57%) * 

28(16%) 

17(9.7%) 

115(65.7%) 

    
Results are expressed both in total number (N) and percentages (%), MHC=Malaria-HIV/AIDS co-infected, 

OH=Only HIV infected, *= The variable significantly differs in MHC and OH with a significance level of P≤0.05. 

5.2 Clinical Characteristics of the Participants 

A total of 71.3% used ART for ≥3 years and 28.7% used ART for ≤ 2 years. From MHC 69% 

used ART for ≥3 years and 31% for ≤ 2 years while 73.8% of OH used ART for ≥ 3years and the 

rest for ≤ 2 years. The duration of ART use between groups was significantly different (p≤0.02). 
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Totally, 82.5% have been using 1
st
 line ART drugs, 78.6% of MHC and 86.4% of OH patients 

have been using 1
st
line ART drugs. 2

nd
 line ART drug users were 17.5% of which 10.7% were 

MHC and 6.8% were OH patients. Regarding the HIV stage, 94.17% of MHC and 93.2% of OH 

patients were in HIV stage I. 4.36% and 1.94% were on stages II and III respectively. There were 

no observed differences between the groups. The CD4 count was classified into ≤ 200cells/μl, 

200-499 cells/μl and ≥500 cells/μl. Based on this, 54.8% of the participants had a CD4 count of 

≥500 cells/μl, of which 22.8% were MHC and 32 % were OH. Those with a CD4 count between 

200-499 cells/μl were 35.4 % (24.7% were MHC and 10.7% were OH). CD4 count ≤ 200 

cells/μl was 9.7 % with a majority (15/20) or 7.2% being OH infected. The majority of OH 

(64.07%) had CD4 count of ≥500 cells/μl as compared with MHC (45.63%) however, MHC 

patients with a CD4 count between 200-499 cells/μl were greater than that of OH (49.51% vs. 

21.36%) and there were statistically significant differences in CD4 count of MHC and OH (p≤0 

.0001).The detail is showed in the table 4. 

Table 4: Clinical Characteristics of the Participants 

Variables MHC 

(N=103) 

OH 

(N=103)                                 

Total          P-value 

(N=206) 

Duration on ART 

For 1 year 

For 2 years 

For 3 years 

For 4 years 

≥5 years 

 

 

12(11.6%) 

20(19.4%) 

16(15.5%) 

30(29.1%) 

25(24.3%) 

 

8(7.7%) 

19(18.5%) 

8(7.7%) 

22(21.4%) 

46(44.7%) 

 

20(9.7%)      0.027
*
 

39(18.9%) 

24(11.6%) 

52(25.2%) 

71(34.5%) 

ART Regimen 

1
st
 Line ART drugs 

2
nd

 Line ART drugs 

      

      81(78.6%) 

     22(21.4%) 

 

89(86.4%) 

14(13.6%) 

 

 170(82.5%)     0.2 

36(17.5%) 
 

HIV/AIDS Stage  

Stage I 

Stage II 

Stage III 

 

CD4 Count 

≤200 cells/μl 

200-499 cells/μl 

≥500 cells/μl 

 

 

    97(94.2%) 

5(4.8%) 

1(0.97%) 

 

 

5(4.85%) 

51(49.51%) 

47(45.63%) 

 

 

    96(93.2%) 

4(3.9%) 

3(2.9%) 

 

 

15(14.56%) 

22(21.36%) 

66(64.07%) 

 

 

 193(93.7%)         0.5 

9(4.37%) 

4(1.94%) 

 

 

20(9.7%)       0.000
**

 

73(35.44%) 

113(54.8%) 

 
Results are expressed both in total number (N) and percentages (%) *=P≤0.005, **=P≤0.001 
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5.3 Changes in RBC Indices of MHC as Compared with OH Groups 

Table 5 shows a difference in RBC indices of MHC and OH infected patients (p≤ 0.001).The 

mean±SD values of most RBC indices were higher in OH than MHC patients. These were,  RBC 

(3.93± 0.48 × 10
6
/μl in MHC and 4.35± 0.88× 10

6
/μl in OH), Hgb (12.14±1.90 g/dl in MHC and 

13.70±3.83 g/dl in OH), HCT (39.44±5.54% in MHC and 44.57±9.36% in OH) and MCV 

(101.13±10.64fl in MHC and 103.72±14.86fl in OH). The difference in all of the above RBC 

indices was significant between both groups (p≤ 0.001). 

The RBC indices such as MCH, MCHC and RDW were higher in MHC than in OH infected 

patients. Their mean ± SD values were; MCH (31.19±3.75pg in MHC and 31.05±4.02pg in OH), 

MCHC (30.59±2.13g/dl in MHC and 29.91± 1.62g/dl in OH) and RDW (13.52±1.30% in MHC 

and 13.49± 1.17% in OH) and they were different statistically in a significant level between the 

groups (p≤0.001). 

Table 5: RBC Indices of MHC as Compared with OH Infected Patients 

Results are expressed in Mean ± SD, SD=Standard Deviation, [RBC=Red Blood Cell, HCT= Hematocrit, 

MCH=Mean Cell Hemoglobin, RDW=Red cell distribution Width, Hgb=Hemoglobin, MCV=Mean Cell 

Volume, MCHC=Mean Cell Hemoglobin Concentration] 

5.4   Correlation between CD4 Count and RBC Indices Between the Groups 

Pearson’s correlation test revealed no statistically significant correlations between CD4count 

with some RBC indices. There was no statistically significant correlations between CD4 count 

 RBC Indices                    MHC(N=103) 

                                             Mean±SD 

     OH(N=103) 

     Mean±SD 

 Mean 

Difference 

  P-value 

RBC (×10 
6
/μl)                      3.93±0.48 

Hgb (g/dl)                             12.14±1.90 

HCT (%)                              39.44±5.54 

MCV (fl)                            101.13±10.64 

MCH (pg)                          31.19±3.75 

MCHC (g/dl)                     30.59±2.13 

RDW (%)                          13.52±1.30 

  4.35±0.88 

13.70±3.83 

44.57±9.36 

103.72±14.86 

31.05±4.02 

29.91± 1.62 

13.49± 1.17 

 -0.42 

-1.56 

-5.13 

-2.59 

+0.14 

+0.68 

+0.03 

 P≤0.001 

P≤0.001 

P≤0.001 

P≤0.001 

P≤0.001 

P≤0.001 

P≤0.001 
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with RBC (r= -0.11, P≤0.1), with Hgb [r=0.006, p≤0.9] and with MCHC (r=0.071, p≤0.3). There 

was statistically significant positive correlations between CD4count with MCV (r=0.14, p≤0.04), 

MCH (r=0.169, p≤0.01) and more correlation between CD4 count with anemia (r=0.16, p≤0.02). 

In MHC group there was significant positive correlation between CD4 count with RBC(r=0.29, 

p≤0.003) and Hgb(r=0.19, p≤0.048) while in OH group there were significant positive 

correlations between CD4 count and MCV (r=0.228, p≤0.02), moderate correlation with MCH 

(r=0.35, p≤0.0001) and week correlation with MCHC (r=0.28, p≤ 0.004). Furthermore in the OH 

group there were a significant negative correlations between CD4 count and RBC (r=-0.325, 

p≤0.001).  

Table 6: Correlation of CD4 Count with RBC Indices and Anemia 

RBC Indices     RBC            Hgb             MCV              MCH             MCHC           Anemia 

(Both MHC and OH) 

P. corr               -0.11              0.006            0.14                  0.169          0.071                0.16 

P-value                0.1               0.93              0.04                  0.01             0.31                  0.02 

MHC 

P.corr                  0.29              0.19              -0.032           -0.07             -0.1 

P-value               0.003
**               

0.048
*
            0.75              0.47             0.317 

OH 

P.corr                  -0.325              -0.038             0.228            0.350            0.28 

P-value                 0.001*               0.700              0.021       0.000*        0.004* 

*Correlation between CD4 count and RBC Indices along with anemia  

*P.corr= Pearson correlation Coefficient 

5.5 The Prevalence and Severity of Anemia 

Anemia is defined as Hgb level of ≤12g/dl for females and ≤13g/dl for adult males based on 

WHO anemia classification (WHO, 2011). Based on this, the overall prevalence of anemia in the 

study population was 45.1 %. Among anemia case 63.4 % was in MHC or 57.3 % from total 

MHC while among anemia case 36.6% was in OH or 33 % from total OH infected. The figure of 

anemia was significantly higher in MHC (1.73 times) as compared to OH infected (p≤0.001). 

Anemia in females was higher than in males (61.3 % in females and 38.7 % in males, p≤0.05). 

Using WHO definition for the severity of anemia, the severity of anemia was defined as mild 

(11-12.9 g/dl for male and 11-11.9g/dl for female), moderate (8-10.9g/dl) and severe (<8g/dl) for 

both male and female (WHO, 2011). Of the total 45.1 % of anemia in the study population, 
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24.3% were mild and 20.8% were a moderate type. The total distribution of anemia severity 

shows 53.7 % of mild, 46.3 % of moderate and there were no severe case of anemia. Mild 

anemia in MHC was 47.45% (28/59) while 64.7% (22/34) in OH infected patients and moderate 

anemia in MHC was 52.5% (31/59) and 35.29 % (12/34) in OH infected patients. In females, 

moderate anemia was higher than mild, 66.7 % and 33.3% respectively. In contrary, mild anemia 

was higher in males, 86.11%. Among anemic females, 71.93 % were MHC and 28.07% were 

OH that is 2.5 times higher but in male anemia was similar in MHC and OH (50  %).    

          Table 7: The Prevalence of Anemia among MHC and OH. 

_____________________________________________________________________________ 

Variables  MHC  OH  Total   P-value 

 Mild 28(27.18%) 22 (21.36%) 50(24.27%)   0.1 

Anemia Status Moderate 31 (30.1%) 12 (11.65%) 43(20.87%)  

 Total 59(57.28%) 34(33%) 93(45.14%) 0.000
**

 

 Non-anemic 44(42.71%) 69(67%) 113(54.85%)  

Anemic Male 
 
 
Anemic Female 

Mild 

Moderate 

14(13.6%) 

4 (3.88%) 

17 (16.5%) 

1(0.97%) 

31 (15 %) 

5(2.43%) 

0.1 

Mild 

Moderate 

14 (13.6%) 

27 (26.2%) 

5 (4.85%) 

11 (10.68%) 

19(9.22%) 

    38 (18.45%) 

0.8 

______________________________________________________________________________ 

Results are expressed both in number (N) and percentage (%) form; **=P< 0.001 

 

Figure 3: Anemia among MHC and OH. 
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5.5.1 Socio-Demographic Characteristics and Their Relation with Anemia 

Anemia was higher in lower socio-economic strata (Chaudhary SM, 2008, Gompakis N, 2007) 

and low maternal education level (CHOI HJ, 2011b). In this study occupation, income, 

educational status and residency of the participants were analyzed to see their relation with 

anemia. Using the mean value as reference, the income status was categorized as above mean 

and below mean.   Table 8: Socio-demographic Characteristics and Their Relation with Anemia 

Socio-Demographic  

Characters                         Normal                Severity of Anemia                  Total            P-value 

                                           N (%)             __ ____________________            N (%) 

                                                                 Mild N (%)         Moderate N (%) 

___________________________________________________________________________ 

Age  

10-20                          8(7%)                    -                        -                     8(3.9%) 
 21-30                                33(29.2%)                15(30%)              10(23.26%)         58(28.16%) 

  31-40                              44(38.94%)              13(26%)              28(65.1%)           85(41.3) 

  41-50                            28(24.8%)                   22(44%)               5(11.6%)           55(26.7%) 

Occupation 

Government employee   20(17.7 %)                14(28%)               7(16.28%)          41(19.9%) 

Self-employed                 16(14.16%)                8(16%)               9(20.9%)             33(16%) 

Merchant                           36(31.86%)            12(24%)      18(41.86%)          66(32%)            0.03 

Farmer                               34(30%)               8(16%)           9(20.9%)              51(24.76%) 

Other                                  7(6.2%)                8(16%)           0(0%)                15(7.3%) 

Income Status    

Income above Mean       33(29.2%)              18(36%)          16(37.2%)         67(32.5%)          0.5 

Income below Mean       80(70.8%)              32(64%)          27(62.8%)        139(67.5%) 

Educational Status 

Uneducated                       15(13.3%)          9(18%)          14(32.6%)         38(18.4%) 

Primary school                  53(46.9%)         18(36%)        19(44.2%)         90(43.7%)             0.04 

Secondary school                 23(20.3%)          8(16%)          3(7%)              34(16.5%) 

Above secondary                 22(19.5%)         15(30%)        7(16.28%)         44(21.4%) 

Residency  

Rural                                    35(31%)            15(30%)         28(65.1%)          78(37.9%) 

Urban                                  78(69%)             35(70%)          15(34.9%)     128(62.1%)             0.00 

Total                                        113(100%)      50(100%)       43(100%)          206(100%)    
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From occupation types where the participants engaged, anemia prevalence was higher in 

merchants (32.3%) and government employee (22.6%) while in farmer and self-employed 

anemia was 18.3%. Anemia was significantly different in occupation types (p≤0.03). Anemia 

prevalence in patients with income status of below means (63.4%) was higher than that of those 

with above mean income (36.6%) but the difference was insignificant (p≤0.5).  

Anemia in subjects with the educational status of primary school (39.8 %) and uneducated 

(24.7 %) were higher (64.5%) relative to secondary and above (35.5%). Chi-square test revealed 

an association between anemia and educational school (p≤0.04) as well as anemia and residency 

(p≤0.01). Anemia was higher in urban dwellers than rural (53.8% vs. 46.2%, p≤0.02). Most 

moderately anemic patients were rural residents than urban resident patients (30.1% vs.16.1%) 

while the majority in urban were mildly anemic (37.6%). Anemia was higher in the age range 

31-40 years (44.08 %) among anemic with 31.7% of mild and 68.3 %of moderate type. In this 

age group anemic MHC were 60.8 % and OH infected anemic were 39.02%. Anemia  in the age 

group 41-50 years were 29.03% with mild anemia of 81.48% and in this age group both MHC 

(48.14%) and OH (51.86  %) infected anemic were nearly similar. The residual prevalence of 

anemia was in the age group 21-30years (26.9%) and no anemia in the age bracket 10-20 years 

and no difference in the severity of anemia among different age groups (p≤0.1, figure 4). 

 
Figure 4: Prevalence of Anemia among different Age Groups of participant with MHC and OH 
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5.5.2 Association between Anemia with ART Regimen and CD4 count 

The prevalence of anemia was higher in 1
st
 line ART drug users, which was 80.6 % (47.3% in 

MHC and 33.3% in OH). Out of 75 anemic 1
st 

lines ART drug users, mild anemia was 39.8% 

and moderate anemia was 40.8%. Anemia in 2
nd

 line ART drug users was 19.4 % (16.13 % in 

MHC and 3.23 % in OH) with 14% of mild and 5.4% moderate type. Anemia among1
st
and 2

nd
 

line ART drug users were 36.4% and 8.7% respectively, out of a total 41.5% anemia. Although 

the prevalence of anemia was higher among 1
st
 line ART drug users, the difference was not 

significant statistically (p≤0.5). 

Anemia was higher in patients with a CD4 count between 200-499 cells/μl, this was 

45.1 %( 32.2% in MHC and 12.9% in OH). Of this mild anemia was 27.95% and moderate 

anemia was 17.2 % (all were in MHC). Anemia and its severity vary significantly with a CD4 

count between 200-499 cells/μl in MHC and OH (p≤0.001). Anemia was lower in patients with 

CD4 count ≤200 cells/μl,10.75 % ( 5.38% in each group) but moderate anemia was higher in 

MHC (3.2%) and none in OH. Anemia and its severity were significantly different in MHC and 

OH group in patients with CD4 count ≤200 cells/μl (p≤0.038).  

 

In patients with a CD4 count ≥500, anemia was 44.08% (25.8% in MHC and 18.28% in OH) and 

18.28% were mild and 25.8% were moderate anemia. Anemia prevalence was 55.92% in those 

with a CD4 count of ≤500. No significant differences were observed in anemia and its severity in 

MHC and OH among patients with CD4 count ≥500 cells/μl (p≤0.1).  

Among anemic MHC patients, anemia was higher in those with a CD4 count of ≤500 cells/μl 

(59.3%) as compared to those with a CD4 count of ≥500 cells/μl (40.7%). In contrast, among OH 

infected patients, the prevalence of anemia in patients with the CD4 counts of ≤500 cells/μl and 

≥500 cells/μl were each 50 % (17/34). There were significant differences in anemia and its 

severity in MHC and OH infected with different CD4 group (p≤0.01). 
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Table 9: The Prevalence of Anemia in ART Regimen type and Group of CD4 Count of MHC and OH 

                           MHC________                                OH_____________ 

Variables        Anemia                        Normal            Anemia                Normal                  P-value    

                      Mild          Moderate                          Mild            Moderate__________________                                  

ART regimen 

   1
st
 Line        18(22.3%)    26(32%)     37(45.7%)    19(21.3%)     12(13.5%)    58(65.2%)    0.5 

   2
nd

 Line      10(45.5%)     5(22.7%)    7(31.8%)       3(21.4%)       0(0%)         11(78.6%)   0.1 

CD4 count (In cells/μl) 

≤200               2(40%)        3(60%)      0(0%)              5(33.3%)       0(0%)       10(66.7%)       0.03 

200-499         14(27.5%)   16(31.4%)   21(41.1%)     12(54.5%)     0(0%)      10(45.5%)      0.001 

≥500           12(25.53%)     12(25.53%)   23(48.9%)     5(7.6%)       12(18.2%)   49(74.2%)   0.18 

______________________________________________________________________________ 

5.5. 3 Characteristics of Anemia in MHC and OH infected patients 

Anemia type was defined based on MCV and MCHC. Microcytosis was defined as MCV < 80 fl,  

macrocytosis, MCV > 100 fl, normocytic MCV 80-100fl  and hypochromic was defined as 

MCHC value < 31 g/dl (Gedefaw L, 2013). From the total anemic cases, 34.4% were macrocytic 

(with 19.4% in MHC and 15% in OH, p≤0.2) and 65.6% were normocytic (with 44.1% in MHC 

and 21.5% in OH) and we didn’t found microcytic anemia. The characteristic of anemia in both 

groups varies significantly (p≤0.001). 

From 19.4% macrocytic anemia in MHC patients, those with P. falciparum infected were 10.8% 

and 8.6% were P.vivax. Whereas among 44.1% of normocytic anemia in the group of MHC,  

those with P. falciparum and P. vivax were 26.9% and 17.2% respectively. The type of anemia 

among malaria species varies significantly in the MHC group (p≤0.001). Among the total anemic 

cases, hypochromic anemia was 82.8% (52.7% in MHC and 30.1% in OH) and normochromic 

were 17.2% (10.8% in MHC and 6.4% in OH). Of 45.1% of anemia in total, normocytic 

normochromic anemia was 16.1%, normocytic hypochromic was 49.5%, macrocytic 

hypochromic was 33.3% and macrocytic normochromic was 1%. 
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Figure 5: Type of Anemia in MHC and OH 

5.6 Malaria Species among Sex, Stage of HIV, CD4 Count and Anemia in MHC. 

The major malaria species in MHC were P. falciparum. The prevalence of P. falciparum was 60 % 
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Similarly, P.vivax-HIV co infection was higher in female (53.7 %) than in male (46.3 %). Both 

species of malaria were higher in female HIV infected patients, although the difference was not 

significant in both sexes. Among P.falciparum-HIV co-infected patients, most of them were in 

stage I (93.5 %), followed by stage II (4.8 %) and stage III (1.7%). Regarding patients infected 

with P. vivax, 95.1 % were in stage I and 4.9 % in stage II and there was no stage III from P. 

vivax infected MHC participants. P.falciparum species was lower in stage I but higher in stage 

III relative to P.vivax. This implies infection with P. falciparum increased in advanced HIV stage 

even though it was not significant (p≤0.7).  Those having a CD4 count of ≥500 cells/μl, 200-499 

cells/μl and ≤200 cells/μl in P.falciparum –HIV co-infected were 54.8%, 38.7% and 6.5% 
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having CD4 count between 200-499 cells/μl in P. falciparum-HIV co infected (38.7 %) were less 

than P. vivax-HIV co-infected (65.9%) with similar CD4 count and there was a significant 

difference in CD4 count among malaria species (p≤0.025). In MHC 54.4% had CD4 count of 

≤500 and 45.6% had CD4 count ≥500 cells/μl. Among MHC, anemia prevalence in P. 

falciparum -HIV co-infected patients (34%) was greater than P.vivax -HIV co-infected (23.3 %). 

From anemic P. falciparum-HIV co infected, moderate anemia was 20.4 % and 13.6 % were 

mild anemia. In contrary, mild anemia was higher than moderate anemia in P.vivax-HIV co 

infected, that was 13.6 % and 9.7 % respectively. Generally, P. falciparum was higher in its 

prevalence (60 %) with a higher proportion in female (58.1%), in HIV stage III (1.7%),in CD4 

count ≤200 cells/μl (6.5%) and anemia was higher (34%)with the moderate type (20.4%) mainly.  

Table 10: Malaria Species among different variables in MHC patients 

Variables           Malaria Species Frequency              Percent P-value 

                         P. falciparum     Male 

Sex                                              Female 

                         P. vivax               Male              

26 

36 

  19 

25.24% 

34.95% 

18.44% 

0.6 

                                                     Female 

 

                        P. falciparum         Stage I 

  22 

 

58 

21.36 % 

 

56.3% 

 

 

0.7 

HIV stage                                      Stage II 

                                                      Stage III 

   3 

1 

2.9% 

0.97% 

 

                       P. vivax                  Stage I   39 37.8%  

                                                      Stage II 

                                                      Stage III 

 

2 

0 

1.9% 

0% 

 

 

 

CD4 count                  P. falciparum    ≤200 cells/μl 

                                              200-499 cells/μl 

                                            ≥500 cells/μl 

 

                                    P. vivax            ≤200 cells/μl 

                                                            200-499 cells/μl 

                                                             ≥500 cells/μl 

4 

  24 

34 

 

1 

27 

13 

3.88% 

23.3% 

33% 

 

0.97% 

26.2% 

12.6% 

 

    

0.025* 

Anemia status             P.falciparum        Mild anemia 

                                                                Moderate anemia 

 

                                    P. vivax                    Mild anemia 

                                                                     Moderate anemia  

14 

21 

 

14 

10 

13.6% 

20.4% 

 

13.6% 

9.7% 

0.83 
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6. DISCUSSION 

Malaria-HIV co-infection is found to have a greater effect in reducing RBC indices such as, Hgb 

and HCT compared to a single infection of either type. This is due to the effect of both pathogens 

individually on those parameters where HIV results in a general myelossupressive effect while 

malaria through its hemolytic effect on RBC survival (Tchinda et al., 2012).Furthermore, anemia 

and another effect on RBC indices in malaria-infected patients is complex and multifactorial that 

includes hemolysis of parasitized RBCs, removal of parasitized RBCs, ineffective erythropoiesis. 

In addition the factors related with drugs of HIV could magnify the problem in the case of MHC 

patients (Ghosh K, 2007, SDHaoH-i, 2000). 

We found a significant difference in mean values of RBC indices between MHC and OH 

infected patients on HAART. These include RBC count, Hgb, Hct, MCV, MCH, MCHC and 

RDW. In line with our findings, a Nigerian study showed significant differences in RBC indices 

in MHC and OH infected patients (Feyisayo Ebenezer Jegede1, 2017). Other study found RBC 

and Hgb to be different in MHC and OH infected patients but it suggested malaria alone has no 

significant effect on those RBC indices (p≤0.36) (Tchinda, 2012). Nigeria reported similarly 

change in Hgb in both groups (p<0.05) (Erhabor O BS, 2006). Study conducted in Gambella, 

Ethiopia  reported significant differences in mean of Hgb and HCT in MHC and OH (p≤0.002) 

(Tsion Sahle1, 2017) and a study in Gondar University Hospital reported a significant difference 

in values of Hgb in MHC and OH (p≤0.001) (Yitayih Wondimeneh, 2013a). Cameroonian study 

also found similar difference in the values of RBC, Hgb and HCT in MHC and OH infected 

(Sorelle Mekachie Sandie1* 2019). 

The RBC count, Hgb, HCT and MCV were lower significantly in MHC compared to OH 

infected patients. This cooperates with the work of Jegede et al, from Kano, Nigeria where RBC, 

Hgb, PCV and MCV in MHC were reported to be lower (Feyisayo Ebenezer Jegede1, 2017). 

Study in Ghana reported similarly lower Hgb in MHC than OH where only 1 out of 34 were with 

normal Hgb in MHC while 79 out of 186 had normal Hgb from OH infected patients (Jr, 2012). 

Study conducted in Gambella, Ethiopia  reported lower Hgb and HCT in MHC than in OH 

infected patients where Hgb was (11.77 ± 1.80 in MHC and 12.69 ± 2.03 in OH) and HCT 

(34.60 ± 5.44 in MHC, 37.23 ± 5.59 in OH) (Tsion Sahle1, 2017). A study in Ethiopia also 

showed significantly lower Hgb and HCT in patients with lower platelet levels in 
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MHC(P≤0.049) (Desta Kassa1, 2005). However, other studies from Nigeria by (Caroline  E. 

OMOTI1*, 2013) and (Erhabor O, 2006) showed lower Hgb mean value in MHC as compared to 

the current study. This discrepancy might arise from the fact that:-Erhabor et al, included only 

falciparum species and also patients at extremes of age were included unlike the current study.  

 

The correlation of CD4 count with RBC indices showed no significant correlation between CD4 

count and RBC count, insignificant positive correlation with Hgb, a positive correlation of CD4 

count with MCHC, MCV and MCH. This agrees with the Indian study that reported the positive 

correlation of CD4 count with MCV, MCH, MCHC while insignificant correlation with RBC 

(Vanisri HR1, 2016). This indicates the effect of HIV on RBC indices regardless of ART 

(Obirikorang C, 2009).  

Unusually, we found a significant positive correlation between CD4 count and anemia status in 

total study participants although it was a week. Studies from USA (Curkendall SM, 2007), China 

(Shen Y, 2013), Iran (Amitis Ramezani, 2008), Ghana(FA, 2009) and Uganda (Mugisha JO, 

2008) reported that there is a significant association between lower CD4 count and anemia but 

not positive correlation. A study from Ethiopia showed increased anemia with decreasing CD4 

count in HIV infected patients both before and after the initiation of ART at Black Lion 

Specialized Hospital (Wondimu2, 2018). In agreement with this, Cameroonian study showed a 

strong positive correlation between CD4 level and anemia (Helen K Kimbi1* DTN, 2013). 

Several studies also showed a significant correlation between CD4 cells and the likelihood of 

anemia but it was with declining CD4 count (Ferede, 2013, Kyeyune and 2014 , Mata-Marín, 

2010, Mihiretie, 2015). Some studies reported that there is no clear evidence regarding the 

correlation of CD4 count and anemia (Daud**, 2013). For instance studies from Eastern India 

and Northwest Nigeria did not find any association between CD4 count and anemia status 

(Agarwal D, 2010, Alem M, 2013, Denue BA, 2013). The positive correlation between CD4 

count and anemia in this study possibly might be due to the fact that the CD4 count of the 

patients was not measured at the time of measurement of RBC profiling. But, we took the 

recently measured CD4 count from the patient’s chart.  

There are studies that speculated the rise of WBC and lymphocytes in HIV infected patients.  

Helen et al, reported patients with a higher than normal WBC count are considered to be those in 

the acute phase of the infection or with a recent bacterial or parasite infection (Helen K Kimbi1* 
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DTN, 2013), an increased WBC count may occur as a direct result of severe malaria (World 

Health Organization, 2000). A study from Nigeria reported significant increase in total WBC and 

absolute lymphocytes count in MHC patients (Obeagu, 2017). There are also studies that 

reported leukemia in a patient with HIV infection who was receiving HAART (Conesa, 2001). In 

abnormally increased WBC as in the case of leukemia in HIV patients there will be high 

productions of lymphocytes that could increase CD4 count which in turn decreases or suppress 

the RBC production to cause anemia. However, clearly figuring the correlation between CD4 

count and anemia warrants direct measurement of the two variables and controlling the 

confounding factors. 

In this study, in MHC, there was a significant positive correlation between CD4 count with RBC 

and Hgb. While in OH infected patients there was a positive correlation between CD4 with 

MCV, MCH and MCHC and no correlation between CD4 counts with Hgb. This was similar to 

the studies done in Nigeria (Regina Esiovwa Ahumareze1*, 2016) that reported lack of 

correlation between CD4 count and Hgb. Study in India reported a significant positive 

correlation of CD4 count  with MCV, MCH, MCHC (Vanisri HR1, 2016). This might be 

originated from the effect of HIV on bone marrow stromal cells which leads to reduced synthesis 

of RBC and other bone marrow elements (Tripathi AK, 2005). However, a study from Ghana 

reported a significant positive correlation between CD4 count and Hgb (Christian  Obirikorang 

*1, 2009). This disagreement might have resulted from the design of the study where prospective 

case-control comparative study was employed in Ghana and in addition to this blood samples 

were taken from the subjects before the initiation of ART.  

The significant positive correlation between CD4 counts with RBC and Hgb among MHC 

patients is most likely explained by the fact that the increased viral burden and decreased CD4 

count as HIV disease progresses might cause anemia by increased cytokine-mediated 

myelosuppression that impairs erythropoietin. This decreases RBC production and Hgb leading 

to anemia (Habtamu Bedimo Beyene 2017, Temesgen Anjulo AgeruID1*, 2018). On the other 

hand, the positive correlation between CD4 counts with Hgb may possibly exist with HAART 

use as successful reduction of viral loads to influence both CD4 and Hgb. Also in HIV patients 

malaria infection due to declined CD4 count also induces the removal of parasitized RBC, 

diminished production of RBC and ineffective erythropoiesis (Clark  IA, 1988). 
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The pathogenesis of HIV-related anemia is unclear and multifactorial in its nature (TE, 1997, J., 

1996). Some suggested causes are bleeding from GI following severe infection, insufficient 

dietary intake (like folate and iron) and changes in erythropoietin synthesis from bone marrow 

suppression on the progenitor of the RBC synthesis due to HIV (Christian  Obirikorang *1, 

2009) .Hemolytic effect of malaria, removal of parasitized RBC and depressed erythropoiesis 

may also contribute to increased anemia in MHC (Clark  IA, 1988). 

In our study the prevalence of anemia in both groups combined was 45.1%. This is in agreement 

with the findings from Uganda(47.8%) (Kyeyune and 2014.), Nigeria (45.26%) (Akinbo, 2012), 

Northern Ethiopia (43%) (Habtamu Bedimo Beyene 2017). On the other hand, lower rate 

(29.1%) of anemia was reported in Lagos, Nigeria in both  groups        (David AN1, 2018),which 

could be attributable to the more number of younger subjects and less number of MHC patients 

in Nigerian study because malaria and HIV are able to cause anemia and changes hematological 

indices on an individual basis (Habtamu Bedimo Beyene a, 2017, Grimwade, 2004)where 

malaria causes its hemolytic effect on RBC and HIV can result in a general myelosupressive 

effect.  

However, anemia in our study was lower than the studies conducted in Cameroon (56.9%), 

Ghana (67%) (Helen K Kimbi1*, 2013, Sammy CK TAY1*, 2015),Northeast Nigeria 

(49.5%),Southwest Cameroon (49.6%) and China (51.9%) (Denue, 2013, Omoregie and J.E., 

2009, Yinzhong, 2013, Ayukenchengamba Bate1*, 2016). The increased anemia in the above 

studies could be due to a higher proportion of female subjects in Ghana (73%) and Cameroon 

(73.9%) relative to the current study (53.8%). In study from Cameroon, the patients with a CD4 

count of ≤200 cells/μl were higher than this study. Furthermore, geographic, socio-demographic 

and cultural differences in terms of nutrition in the case of China and the inclusion of non-ART 

subjects in the study of Southwest Cameroon could have created this discrepancy. In addition to 

this the prevalence of anemia in our study was lower than 51.7% of anemia in Gambella, 

Ethiopia in both groups (Tsion Sahle1, 2017). The discrepancy, in this case could be due to a 

smaller sample size and 9.3% of the participants were with opportunistic infections other than 

malaria like tuberculosis, pneumonia and meningitis in study of Gambella. 

Out of the 93 anemic cases, anemia in MHC was 63.4% and 36.6% in OH infected. Nigerian 

study that showed 66.7% of anemia in MHC and 33% in OH infected (Erhabor AIMLS, 2006)  
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and study from Gambella, Ethiopia  demonstrated 58.4% of anemia in MHC and 41.6% in OH 

infected support the current study (Tsion Sahle1, 2017). On the other hand study in Northern 

Ethiopia found 91.3% of anemia in MHC, which was higher, and 32.8% were anemic among OH 

infected (Habtamu Bedimo Beyene a, 2017). Regarding OH infected patients, a study from 

Gondar Hospital reported 29.7% of anemia in OH infected (Enawgaw, 2014), Addis 

Ababa(33%) (Habtamu, 2014), Brazil (37.7%) (Gil Cunha De Santis  2011) and another 

Ethiopian study by Ferede and Wondimeneh (35%) and  Ketema et al (34.6%)(HAYE, 2019, 

Ferede, 2013).  Higher anemia among MHC in a study of Northern Ethiopia might be due to the 

status of ART, the time of patient’s data collection where the data were collected when the HIV 

patients were coming for an initial CD + T cell evaluation and the higher sample size.   

Generally, higher anemia prevalence in MHC could be due to the impact of two infections acting  

individually and synergistically where HIV results in myelosuppression while malaria through 

hemolytic effect on RBC (Tchinda et al., 2012),organ-sequestration, phagocytosis of uninfected 

and infected RBCs and dyserythropoiesis (Lamikanra AA and DJ., 2007) and other multifactorial 

origins to cause anemia such as depletion of iron stores and bone marrow suppression (Hochman 

and Kim, 2009). 

Regarding the severity of anemia 53.7 % were mild (30 % in MHC and 23.7% in OH group). 

Moderate anemia was 46.3% with the majority in the MHC group. Mild to moderate anemia in 

MHC was 63.4%, that agrees with 64.1% of mild to moderate anemia from Northern Ethiopia 

(Habtamu Bedimo Beyene a, 2017). In Ghana higher prevalence of mild to moderate anemia 

(71%) were reported in both groups combined (Sammy CK TAY1*, 2015). This could be due to 

the following reasons. Firstly, the administration of Zidovudine as major therapy, which is 

known to cause anemia by myelosuppression and secondly, the higher proportion of patients 

(34.5%) with the CD4 count <200 cells/μl as compared to 9.7% in the current study. It is known 

that lower CD4 count can cause anemia by increasing cytokine-mediated myelosuppression 

which impair normal erythropoietin (Manyanga, 2014, Sammy CK TAY1*, 2015). 

The prevalence of anemia in females was 61.3% with moderate anemia being 66.7%.Whereas 

anemia in males was 38.7%, mostly mild type. This agrees with other studies in Ethiopia that 

shows 62% of women and 38% of men living with HIV/AIDS were anemic (Assefa Muluken, 

2015), Beyene et al, from Northern Ethiopia reported anemia in 59.03% of female and 40.96%in 
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male HIV infected subjects (Habtamu Bedimo Beyene a, 2017). However, one study in Ghana 

found very high anemia case (94.4%) among females (Sammy CK TAY1*, 2015). This could be 

due to the increased prevalence of HIV (3%) as compared to Ethiopia , increased prevalence of 

malaria (1.3%) (USAID, FY 2015), a higher percent of female participants (73%) and the factors 

such as socio demography and nutrition might also added to this significant difference.  Moyle G 

et al., has reported female gender as a risk factor for anemia among HIV patients (G., 2002). The 

higher prevalence of anemia in female could be attributed to physiological reasons like menstrual 

blood loss and the drains on iron stores that occur with pregnancy and delivery (Meidani M, 

2012). 

Regarding socio-demographic characters and anemia, there was a significant variation in anemia 

among different types of occupations. This is consistent with another Ethiopian study, where 

anemia was significantly associated with the occupation among PLWHA at Tikur Anbessa 

Specialized Hospital, Addis Ababa (HAYE, 2019).  

Anemia was higher in subjects with lower income (63.4%). Several studies suggested that 

anemia in PLWHA tends to be higher in developing countries due to nutrient deficiencies 

(Cunha G, 2011) and parasitic infections like malaria and schistosomiasis along with HIV/AIDS 

(Brien MEO, 2005). Studies also showed that when household income increased from lowest to 

highest quartile the prevalence of anemia was decreased but serum Hgb, HCT and ferritin levels 

were  increased. A positive correlation of Hgb and HCT with household income was observed 

but it was in non-HIV subjects (JY Kim1, 2014). One of the reasons being, with increased 

household income there is an increment of daily intake of iron-rich diet. While decreased income 

may decrease the diversity of nutrition and increase anemia. Studies from developing countries 

also showed that low socioeconomic status is associated with a high prevalence of anemia 

(Animasahun BA and 2011, Issaragrisil S and 1995, Shilpa S, 2012, Thankachan P, 2007). 

Educational status and living places are significantly associated with anemia. Supporting 

findings reported associations of anemia in HIV/AIDS infected patients with residence, gender, 

marital status, monthly income, educational status, duration of ART taken and  CD4+T-

lymphocyte count < 200 cells/µl (Gedefaw L, 2013, H. M. Wolde and 2014, K. Tadesse, 2014). 

Anemia (moderate type) was more prevalent in subjects with primary school level and with no 

formal education (64.5%). This collaborates with other study that correlates low maternal 
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education level and prevalence of anemia (CHOI HJ, 2011a) although this study focused on 

mothers who were not exclusive to PLWHA. Anemia was found to be significantly higher in 

urban dwellers (53.8%) than rural (46.2%). On the other hand moderate anemia was found to be 

higher in rural (30.1%) than urban dwellers (16.1%) while the majority in urban were mildly 

anemic. A study from Gambella, Ethiopia demonstrated anemia prevalence of 84.3% in urban 

and 15.7% in rural ,however from multivariable logistic regression analysis they reported that 

those study participants live in rural area were more likely to be anemic than participants who 

live in urban areas and 88.9% of the participants in this study were urban dwellers (Tsion Sahle1, 

2017). However, other Ethiopian finding (HAYE, 2019) reported no significant difference in 

anemia prevalence in urban and rural residents in PLWHA at Tikur Anbessa Specialized 

Hospital, Addis Ababa. This gap might be due to the higher proportion of urban residents in 

Tikur Anbessa as compared to our study (90% vs.62.1%). Although the prevalence of anemia 

was lower in rural residents in the case of our study and study of Gambella, Ethiopia, moderate 

type of anemia was higher among rural dwellers  in our study and in study of Gambella 

participants live in rural area were more likely to be anemic than participants who live in urban 

areas. This could be due to the type of food that the rural community consumes, lack of frequent 

follow up and other factors which could cause anemia (Tsion Sahle1, 2017). 

Anemia was more prevalent within 31-40 year age range (44.08 %). Out of which 61% were in 

MHC and 39% were OH infected patients with the majority being moderate type. Such 

distribution shows a high  impact on this economic age group (Caroline  E. OMOTI1*, 2013)  

and can lead to a visible effect on the social and economic aspects of the country. This figure 

was comparable with a study (Habtamu Bedimo Beyene a, 2017) in Northern Ethiopia, where the 

prevalence of anemia was 45.5% in those who were older than 31 years. Furthermore, study from 

Southwest Ethiopia, Gambella found 43.8% of anemia among HIV infected patients in the age 

range of 30-39 years (Tsion Sahle1, 2017). 

From the total study participants, the prevalence of anemia was 36.4% and 8.7% among 1
st
 line 

and 2
nd

 line ART drug users. Unlike the current study, a study by Wolde Amanuel and Wondimu 

at Black Lion Specialized Hospital, Addis Ababa, Ethiopia reported a prevalence of 11.4% 

among 1
st
 line ART drug users (Wondimu, 2018). This could be explained by the fact that 

malaria cases were in half of the subjects in the current study. In addition, differences in socio-

demographic and nutritional factors between the two populations could account for the 
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difference. Regarding this (Tsion Sahle1, 2017) speculated that people living in a rural area were 

more likely to be anemic than those living in urban areas due to the type of food consumed by 

rural dwellers and lack of follow up might contribute for anemia.  

In patients with a CD4 count of ≤200cells/μl, 200-499 and ≥500 cells/μl the prevalence of 

anemia was 10.8%, 45.1 % and 44.08% respectively. Anemia in patients with a CD4 count of 

≤200cells/μl in our study was not similar with anemia in patients with similar CD4 count from 

South western Ethiopia (Tsion Sahle1, 2017). This might be due to the incomparable number of 

patients with CD4 count of ≤200. On the other hand anemia prevalence in subjects with a CD4 

count of 200-499 (45.1 %) was only slightly higher than 39.3%of a similar study of Ethiopia 

(Tsion Sahle1, 2017) and similar with 44% of anemia in similar a CD4 count in Central Tanzania 

(Yulitha Barnabas1, 2019). In patients with CD4 count of ≥500 cells/μl anemia was 44.08% 

which is similar with the data (40.5%) from Gambella, Ethiopia (Tsion Sahle1, 2017). Generally, 

anemia in patients with CD4 counts of ≤500 and ≥500 cells/μl was 56% and 44% respectively. 

This slightly deviates from the findings in Tanzania (79.4 % vs.20.4%) and Brazil (61.1% vs. 

29.4%) (Yulitha Barnabas1, 2019) where Brazilian study also found a significant association 

between CD4 and Hgb that is in line with the current study (Gil Cunha De Santis  2011). 

Furthermore, the level of anemia in the CD4 count of ≤500 cells/μl was similar to studies from, 

South Africa, Wolaita Sodo, Northern Ethiopia(Takuva Simbarashe, 2013, Temesgen Anjulo 

AgeruID1*, 2018). The observed association could be due to the destruction and reduced 

production of RBC resulting in low Hgb as HIV advances to the AIDS stage (Temesgen Anjulo 

AgeruID1*, 2018). In MHC patients, anemia was higher in the CD4 count of ≤500 while there 

was no difference in OH infected patients having CD4 count of ≤500 and ≥500 cells/μl. This is 

due to the fact that PLWHA and having a concurrent malaria infection are at higher risk of being 

anemic relative to malaria-free HIV infected patients (Erhabor O BS, 2006). Earlier studies 

established that malaria has been associated with an increase in viral load (Xiao L, 1998) and a 

fall in CD4 count which potentially worsen the prognosis of HIV-infected patients and 

compromise the effectiveness of ART drugs (González R, 2012) which is supposed to contribute 

for differentiation and survival of erythrocytes by suppressing the HIV viral burden (Denu BA, 

2013, Wondimu, 2018). 

In MHC group, anemia was higher in the case of P. falciparum (34%) than P. vivax infected 

(23.3 %). This finding is lower than that of Ghanaian data where P. falciparum-HIV co-infected 
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anemic cases were 97.1% (Jr, 2012). This deviation could be due to the smaller sample size in 

MHC group in Ghanaian study. But others found higher than 25.8% of anemia in MHC group in 

South West Nigeria, where P. falciparum accounts for 80% of malaria species (*Sanyaolu AO1, 

2013). We found exceeded anemia in P.falciparum than P.vivax among MHC cases. This could 

be due to the role of P. falciparum in the modification of their host cell membrane to produce 

PfEMP1,which  is an adhesion protein exported by the parasite to the red blood cell surface to 

serve them as an adhesive ligand of pRBCs (Rasti N, 2004, Cyrklaff M, 2012, Fackler2, 2016b) 

which results to cytoadherence. Cytoadherence is the ability of the parasite to adhere to the 

vascular endothelium of RBCs and this ability has been related exclusively to P. falciparum 

(Kyes S, 2001, Scherf A, 2008). The adhesive nature of P. falciparum with infected and 

uninfected erythrocytes causes clustering together which is also known as sequestration and 

rosetting. This ends up with clog up of the capillary and post- capillary venules of various 

organs. The enhanced destruction of uninfected erythrocytes coupled with a decrease in 

erythrocyte production all adds up to increased anemia in the case of P.falciparum infection 

(Haldar K, 2009, Suwanarusk R, 2004). Falciparum malaria is also known to reduce Hgb 

concentration which leads to anemia (K. E. Halliday and 2012, pp., 2012). Higher prevalence of 

anemia in P.falciparum co-infected patients could also be due to the fact that hyperparasitaemic 

nature of the species in addition to its pronounced hematologic effect in patients with a double 

burden of both diseases (Yitayih Wondimeneh, 2013a, Richards MW, 1998, Brentlinger PE, 

2007). P.falciparum infects all RBCs unlike P.vivax that selectively infects reticulocytes 

(Fackler2, 2016a). 

Majority of anemia case were normocytic type (65.6%) (44.1% in MHC vs. 21.5% in OH group), 

which is the expected type because the anemia type in HIV and malaria infection is mostly 

normocytic in its nature (Tsion Sahle1, 2017). While macrocytic anemia was 34.4 % (19.4% in 

MHC vs. 15% in OH infected group) and there was no microcytic type. The study in  Brazil 

found 46.4% of normocytic and 45% of macrocytic anemia cases among HIV infected patients 

(Gil Cunha De Santis  2011). Indian study reported significantly higher macrocytic anemia 

(Vanisri HR1, 2016). The higher macrocytic anemia type might be due to low levels of vitamin 

B12 and folate deficiency in HIV infected patients (IFEANYICHUKWU MARTIN 

OSITADINMA, 2015). In this study there was no microcytic anemia that is more often 

associated with iron deficiency (Johnson-Wimbley TD, 2011). Although the data regarding iron 
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status is not known in our study, majority in our study were urban residents (62.1%) who are less 

risky for deficiency of iron. 

Normocytic normochromic anemia was 16.1%, normocytic hypochromic was 49.5%, macrocytic 

hypochromic was 33.3% and macrocytic normochromic was 1%. However our result regarding 

normocytic normochromic anemia was not in cooperation with studies from New Delhi (66.5%) 

(Patwardhan MS, 2002) and Nigeria (64%) (Erhabor O, 2005). Study in Ethiopian found 58.6% 

of normocytic-normochromic anemia and 27.6% of macrocytic normochromic anemia cases 

among HIV infected patients after 6 months of ART initiation (Wondimu, 2018). A study 

conducted in Gondar, Ethiopia reported 29.4% of normocytic normochromic and 5.9% of 

macrocytic hypochromic  anemia cases among HIV infected patients on ART (Enawgaw, 2014).  

These differences might have originated from differences in ART status as in our study about 

71.3% of HIV infected patients used ART for ≥3 years. Macrocytic hypochromic anemia cases 

in our study were higher than the above studies. This is probably due to the prolonged effect of 

ART particularly AZT which is responsible for the development of macrocytosis and the 

differences in nutritional status (Wondimu, 2018, Enawgaw, 2014). In current study we didn’t 

find microcytic hypochromic anemia cases. This was supported by Ghanaian study that reported 

the likelihood of developing microcytic hypochromic anemia in ART-naive patients was five 

times more compared to those on ART (Owiredu WK, 2011). 

The distribution of malaria species in MHC group showed that, P.falciparum (60%) was 

dominant than P.vivax (40%). This corresponds with the study from Thailand (54.8% 

P.falciparum and 40.4% P.vivax) (Siwalee Rattanapunya a, 2015), Northern Ethiopia (57% of P. 

falciparum and 40% of P.vivax) (Habtamu Bedimo Beyene 2017) in MHC patients.  However 

other Ethiopian study reported 94.2% of P.falciparum and 3.5% of P.vivax (Tsion Sahle1, 2017), 

Nigerian study reported 93.3% of P.falciparum and 6.7% of P. vivax (Erhabor AIMLS, 2006) 

and Gondar University Hospital, Northwest Ethiopia 72.6% were P. falciparum and 27.4% were 

P.vivax among MHC (Yitayih Wondimeneh, 2013b). In another Ethiopian study of malaria 

without HIV, P. falciparum was 64.3% (Regasa, 2014). The high burden of P. falciparum in the 

studies could be due to its higher endemic nature in most tropical and subtropical regions of the 

world and it is also the most virulent type (Kim2, 2009 
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, Laith J. Abu-Raddad, 2006). The lower P.vivax could be due to the dependency of their 

merozoites on a single Duffy antigen to invade host erythrocytes and on the other hand some 

region of African populations lack Duffy receptor that spares them from vivax (Price, 2007 , 

Ryan, 2006). 

 

Malaria was higher in females than males among MHC group (56.3 % vs. 43.7%). We found 

female subjects to be highly infected by both species, which are in P. falciparum-infected 2/3rd 

(58.1%) and in P.vivax (53.7%). This was similar with a Nigerian and Ethiopian study that 

revealed higher malaria prevalence in females (53.3% vs.46.7%) and (57.6% vs.42.4%) to be 

malaria-infected HIV patients or MHC cases respectively (Erhabor O, 2006, Habtamu Bedimo 

Beyene 2017).  However, there are claims on higher malaria prevalence in males (Kimbi HK, 

2013, Bharti AR, 2012). Possibly this might be due to the fact that males expose their bodies 

more than females when the weather is hot and thus increases their chances of mosquito bite 

(Akanbi, 2010). This might be also associated with genetic factors as an Indian study found an 

increased incidence of clinical malaria with the onset of puberty in males but not in females 

(Sulabha Pathak1*, 2012).  Although the role of sex hormones in disease susceptibility in human 

malarial disease remains ambiguous (Kurtis JD, 2001, Landgraf B, 1994, Leenstra T and 2003), 

there are studies in the murine model that clearly established testosterone-linked susceptibility 

and estrogen-linked resistance to malaria (Cernetich A, 2006, Wunderlich F, 1991). However the 

exact mechanism by which the sex hormone-linked exposure or resistance to malaria need to be 

answered in the future (Sulabha Pathak1*, 2012). On the other hand study from Uganda showed 

an equal prevalence of malaria in female and male patients with HIV (50%) (Agwu E, 2015 ) and 

a study in Benin City, Nigeria reported insignificant increase in the prevalence of malaria in 

females than males (Frederick O Akinbo1, 2009). 

However, there are reports on a higher percentage of female patients with co- infection relative 

to the current study. For instance, a Nigerian study reported 63.07% of female and 36.9 % of 

male subjects to be MHC, North West Nigeria (65% vs. 35%), Ghana (76%vs.23.4%), Olusola et 

al.,Nigeria (72.97% vs. 27.03%) and Cameroon (75.8% vs. 24.1%) among MHC which imply 

higher malaria rate in female HIV infected  patients (Bello, 2018a, Helen K Kimbi1*, 2013, 

Olusola Ojurongbe, 2014). 
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The higher prevalence of malaria in female HIV infected patients in this and other similar studies 

could be due to the fact that HIV is more common in females because of their biological 

vulnerability. This vulnerability is due to the fact that infected semen remains in the female 

reproductive tract for a relatively long period of time, the exposed mucosal surface area is large 

and the tract is more susceptible to small tearing (Beegle K, 2007, M., 2001, UNAIDS, 2012). In 

addition, the socioeconomic and cultural factors such as economic inequality and violence 

against women including early marriage, sexual abuse, rape and harmful traditional practices  are 

also more responsible than the biological factor for the more likely hood of acquiring the 

infection among women (Cornell M, 2012, Hawkins C, 2011, Maman D, 2012, Nicastri E, 2005, 

R., 2010, UNAIDS, 2012). Due to these factors the prevalence of HIV is higher in females. For 

instance 56% of 6.1 million in western and central Africa region, 59% of 19.4 million in eastern 

and southern Africa region, 58% of new infection and 57% of AIDS-related death in 2016 in 

Ethiopia was among females (UNAIDS, 2012, UNAIDS, 2017a). This implies the 

disproportionate burden of HIV on women that causes immunological complication that 

increases the risk of malaria (Tsion Sahle1, 2017). 

The role of a woman in the community may also expose them to the infection. For instance, 

study in Ghana revealed that women were highly infected with malaria as they stay out late 

during mosquito biting hours to carry out their domestic activities (Sammy CK TAY1*, 2015). 

Another African study similarly suggested, high prevalence of malaria in HIV positive female 

could be as a result of their habit of cooking in the late evening that could have exposed them to 

more mosquitoes bite leading to the transmission (Bello, 2018a, Gosellea ON, 2009, Nkuo-

Akenji T, 2011). Similarly, in the area where this study was conducted the role of women in 

generating income is equally significant as they are involved in agricultural work as their spouse. 

Furthermore, it was claimed that 40.8% of the study participants in this area had used bed nets  

that was lower than the study result of malaria-prone areas of Ethiopia (Abraham Tamirat*, 

2016). 

Declining CD4 count in HIV patients may account for the increased severity and symptoms of 

malaria. Different studies suggested that an increasing number of episodes of malaria among 

HIV-infected adults with falling of CD4
+
T cell counts (Cohen et al., 2005, Omoti et al., 2013, 

Siwalee Rattanapunya1 et al., 2015). From total MHC patients, 54.4 % had a CD4 count of ≤500 

cells/μl and 45.6 % had a CD4 count ≥500 cells/μl while the majority of OH infected were 
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having CD4 count of ≥500 cells/μl (64.07%). In line with this, a study from Ghana reported only 

one patient with MHC had CD4 cell count ≥500 and the rest had CD4 cell count between 3 -

512cells/μl. A Nigerian study showed that 63.8% of MHC patients had a CD4 count of ≤500 

cells/μl. An Ethiopian study from Gambella also reported 63.9% of both MHC and OH  had a 

CD4 count of ≤500 cells/μl, while in another Nigerian study 54.05% of MHC  patients had CD4 

count of ≤500 cells/μl (OJURONGBE, 2014, Bello, 2018b, Sammy CK TAY1*, 2015, Tsion 

Sahle1, 2017) . Ugandan study also showed more malaria prevalence  in patients  with CD4 

counts of 200 -400 cells/μl (Agwu E, 2015 ). 

Studies reported that HIV-infected adults are more likely to develop clinical malaria and this risk 

becomes more pronounced with advanced immunosuppression (J. D. Campbell, 2012, N. French, 

2001). Furthermore, acute malaria is associated with an increase in HIV viral load (Van 

Geertruyden, 2006) and a steeper decline in CD4 cell count (Kublin, 2005 ). A significant 

reduction in CD4 count makes the host highly susceptible to opportunistic infections (Samet, 

2001) including malaria (Morgan, 2002). Laufer et al. indicated that incidence of clinical malaria 

was 3-fold higher in HIV positive urban Malawian adults with a CD4 cell count of 200–499 

cells/μl and 4.4-fold higher in those with CD4 cell count <200cells/μl compared to individuals 

with a CD4 cell count of ≥ 500 cells/μl (Laufer MK, 2006). 

The incidence and effect of malaria in HIV patients is getting higher when the immune system 

gets compromised as evidenced by lower CD4 count and leads to abnormalities such as anemia 

and possibly may lead to mortality (Berg A, 2014). Therefore, early detection of co-infection, 

identification and management of associated factors will have a remarkable benefit (Habtamu 

Bedimo Beyene 2017). 
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      7. CONCLUSION 

 

This study had drawn the following conclusions. In our study there is a difference in RBC 

indices in MHC and OH infected patients in HAART and the mean value of RBC, [Hgb], HCT 

and MCV is lower in MHC.  In MHC there is a positive correlation between CD4 count with 

RBC, and [Hgb]. Furthermore anemia prevalence is disproportionally higher in MHC than OH, 

higher in female than male, higher in falciparum than vivax infected and Anemia is higher in 

patients with a CD4 count of ≤500 cells/μl. Therefore, early detection and management of 

associated factor in co -infection is required to reduce the complication in HIV infected patients. 
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8. STRENGTH AND LIMITATIONS OF THE STUDY 

 

8.1 Strength of the Study 

 

This study involved three health institutions; one Teaching Hospital and two Health Centers with 

a reasonable sample size. Very few researches have been conducted in our country regarding 

malaria-HIV co-infection; and no such study is done in area where this research was conducted. 

Therefore, this study can serve as a base for further researches. 

8.2 Limitations of the Study 

Cross-sectional study design by itself is a limitation because it doesn’t assess cause and effect 

relationships as the longitudinal study design does. Second, it would have been better if we 

would have used PCR for malaria species identification.  
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9. RECOMMENDATIONS 

 

Malaria and HIV are highly prevalent infections in developing countries and sub-Saharan 

countries. Such infections lead to hematological abnormalities that further comprise the state of 

immunodeficiency and anemia enhancing patient’s morbidity and mortality. The impact is high 

in patients with lowered immunity, patients with poor income, patients living in an area where 

malaria particularly falciparum is dominant. This necessities routine assessment of hematological 

profiles in malaria HIV co-infected individuals to prevent HIV malaria co-morbidity from 

anemia, particularly, for the PLWHA in malaria-endemic areas. 

 It will be advantageous if hematologic profiles are evaluated regularly in the health 

institutions of Bench Maji Zone for HIV infected patients on ART. 

 

 Special consideration and follow up should be taken by Zonal health offices and ART 

units for HIV/AIDS patients living in areas with malaria.  

 

 For further research, it will be valuable if future studies are focused on measuring viral 

load, evaluating CD4 directly and characterizing malaria species and RBC profiles.   
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                                      11. APPENDIX 

 

Appendix I. Participants Information Sheet 

 

I am Solomon Ejigu. I came from Addis Ababa University; I am working my thesis for the 

partial fulfillment of a Master’s Degree in Medical Physiology. You are invited to participate in a 

research study. You are requested to participate in this study voluntarily if so, you would like to 

participate on this to fill the questionnaire and minor experimental procedures. This may not 

exceed 20 minutes. All information given by you will be kept confidential and can’t be disclosed 

unless you permit, you have the right to participate or not to participate in this study or even you 

have the right to discontinue the participation at any point of time. 

 

The study is designed to assess Effects of malaria and HIV/AIDS co infection on RBC indices 

and its relation with CD4 level of patients on HAART in Bench Maji Zone, Southwest Ethiopia.  

 

Regarding to this issue, if you have any uncertainty/unclearity or question, you can contact the 

principal investigator or Research and Ethical Committee of Department of Physiology, Addis 

Ababa University. 

Investigator: Solomon Ejigu 

Mob: +251-917885002 

Email: solomonejigu67@gmail.com  

Addis Ababa University, Department of Physiology 
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Appendix II. የጥናቱ ተሳታፊዎች የመረጃ ቅጽ 

 ስሜ ሰለሞንእጅጉ  ይባላል ፡ ፡ በ አ ዲስአ በባ  ዩ ኒ ቨርሲቲ  ህክምና  ፋካሊቲ ፊዙዮሎጂ ትምህርት 

ክፍል  የ ድህረ  ምረቃ ተማሪ  ስሆን  የ መመረቂያ  ፅሁፌን  በወባእ ና  HIV/AIDS ዘ ሪያ  ለመስራት 

አ ስቤያለሁ፡ ፡ እ ር ሰዎም በዙህ  ጥናት ዘ ሪያ  እ ንዲሳተፉ  ተጋብዘ ዋል ፡ ፡  

ውድ ተሳታፊዎች  በጥናቱ ለመሳተፍም  ሆነ  ላ ለመሳተፍ ለመወሰን  ከዚህ  በታች  የ ሚከተሉትን  

ማብራሪያዎቹን  ያድምጡ/ይመልከቱ፡ ፡  

 

የ ጥና ት ዓላማ፡ -የ ዚህ  ጥናት ዓላማ   በወባ  እ ና  HIV/AIDS መያዝ  በቀይ  የ ደም  ሰል  እ ና  

በሲ.ድ.ፎር .(የ ሰዉነ ትየ መከላከልአ ቂምን የ ሚገ ልጽ) ላይ የ ሚያመጣዉ ተጽእ ኖ ማጥናትነ ው፡ ፡  

 

አጠቃቀም፡- በእ ር ስዎ ደም ዉስጥ HIV/AIDS ኖሮ መድሀንት ጀምሮ እ ያሉ የ ወባ  ምልክት ከታየ ቦት 

የ ቀይ ደም ሰል  እ ና  ሲ.ድ.ፎር . ምርመራ ይደረግሎታል ፡ ፡  

ሊደርሰ  የ ሚችል  አ ደጋ ፤ ምንም የ ለም፡ ፡  

 

ከጥናቱ የ ሚገ ኝ  ጥቅም፡ -በዙህጥናት ተሳታፊ  በመሆን  የ ወባእ ና  HIV/AIDS የ ሁለቱ ተጽእ ኖ 

በቀይ ደምሰል  እ ና  በሲ.ድ.ፎር .(የ ሰዉነ ት የ መከላከልአ ቂምንየ ሚገ ልጽ)ያለውንውጤትያውቃሉ፡ ፡  

ሚስጥራዊነት፡-የ ማንኛውም የ ጥና ቱ ተሳታፊ  መረጃ  በሚስጥርይያዛ ል ፡ ፡  

ፈቃደኝነት፡እ ር ስዎ በጥናቱ ለመሳተፍ ፈቃደኛ  ያለመሆን ፣ ማንኛውም መረጃ  እ ና  ናሙና  

ያለመስጠት እ ንዲሁም  ጥናቱን  በማንኛውም ጊ ዘ  የ ማቋረጥ መብትዎ የ ተጠበቀነ ው፡ ፡  

 

ጥናቱን በተመለከተ  ማንኛውም ጥያቄ (ግልጽ  ያልሆነ ነ ገ ር )ካለዎትበሚከተሉተለዉ አ ድራሻ  

ዋናውን   ተመራማሪ  ማግነ ት  ይችላሉ፡ ፡  

ስም፡ ሰለሞንእጅጉ  

የ ስልክቁጥር : +251-917885002 

Email: solomonejigu67@gmail.com  

አ ዲስአ በባዩ ኒ ቨርሲቲህክምናፋኩሊቲፊዙዮሎጂትምህርትክፍል  
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Appendix III: Consent form for study participants (English Version) 

 

Title of the project: “The study of Malaria and HIV/AIDS Co-infection Effect on Red 

Blood Cell indices and its relation with the CD4 level of patients on HAART in Bench Maji 

Zone, South West Ethiopia”. 

 

Principal Investigator: Solomon Ejigu(BSc) 

 

Information about the study has been explained for me by the investigator. I have understood the 

aim of the study .This will not hurt my health. It has also explained to me that I have the right to 

stop participation at any time between and there is nothing I will lose if I refuse to participate. I 

am also informed that my refusal or withdrawal to participate in the study, will not affect my 

usual treatment or other services from the health institute. With full understanding of the 

importance of the study, I agreed voluntarily to give information about me, and allow the 

investigators to take the required blood sample for the study. 

 

I agree to participate in the study and here by approve my agreement with my signature 

 

Participant signature        Date    

Investigator’s signature      Date      
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Appendix  IV. ለጥናቱ ተሳታፊዎች የሚሰጥ የፈቃደኝነት ማረጋገጫቅፅ (በአማርኛ 

የተዘጋጀ) 

 

የጥናቱርዕስ ፡ በ ደቡብ ምእራብ ኢትዮጲያ  በበንች  ማጅ ዞ ን  በወባ  እ ና  HIV/AIDS መያዝ በቀይ 

የ ደም ሰል  እ ና  በሲ.ድ.ፎር .(የ ሰዉነ ት የ መከላከል  አ ቂምን  የ ሚገ ልጽ) ላይ የ ሚያመጣዉን  ተጽእኖ 

ማጥናት ነ ው፡ ፡  

ዋናተመራማሪ ፡ ሰ ለሞንእጅጉ   (ዲግሪበፊዝዮተራፒ) 

ይህ  ጥናት በአ ዲስአ በባ  ዩ ኒ ቨር ስቲ አ ስተባባሪ ነ ት፤ በወባእ ናHIV/AIDS በሁለቱ መያዝ በቀይ 

የ ደም ሰል  እ ና በሲ.ድ.ፎር .(የ ሰዉነ ት የ መከላከል  አ ቂምን  የ ሚገ ልጽ) ላይ የ ሚያመጣዉን  

ተጽእ ኖበHIV/AIDSብቻከተያዙጋርማወዳደርሲሆንእ ኔ በዙህጥናትውስጥእ ንድሳተፍ  

ፍቃደኛነ ቴን   ተጠይቀያለው፡ ፡  በጥናቱ ወቅትም ቃለ  መጠይቅ  እ ና  የ ደም ናሙና  እ ንደምሰጥ 

ተነ ግሮኛል ፡ ፡  የ ተወሰደው ናሙና  ለጥናቱ አ ላማ ብቻ እ ንደሚዉል  እ ና  ምርመራ 

እ ንደሚካሄድበትም ተነ ግሮኛል ፡ ፡  እ ኔ  የ ምሰጠው እ ንዲሁም ከጥናቱ የ ሚገ ኘው መረጃ  

ሚስጥራዊነ ት እ ንደሚጠበቅ  ተነ ግሮኛል ፡ ፡  የ ዙህ  ጥናት ውጤትም ለሚመለከተው አ ካል  ብቻ 

እ ንደሚገ ለፅ  ተገ ንዝበአ ለሁ፤  በጥናቱ ለመሳተፍ የ ሚሰጥ ምንም አ ይነ ት ማባበያ  አ ይኖርም 

ተብያለሁ፡ ፡ ስለ  ጥናቱ  የ ተገ ለ ፀውንመረጃ  አ ንብቤአ ለው/ተነ ቦልኛል ፡ ጥያቄዎችን  እ ንድጠይቅ  

እ ድል  ተሰጥቶኛል ፡ ፡ የ ጠየ ቅሁትም ጥያቄ  በበቂ  ሁኔ ታ ተመልሶልኛል ፡ ፡ በጥና ቱ አ ለመሳተፍ 

ከዙህ  ተቋም በማገ ኘው በተለመደዉ አ ገ ልግሎት ላይ ምንም አ ይነ ት ተፅ እ ኖ አ ይኖረውም 

ተብያለሁ፡ ፡ በመሆኑም የ ጥና ቱ ዓላማና  ጥቅም በሚገ ባ  ስለተገ ነ ዘ ብኩ፤ ስለ እ ኔ  ማንኛውንም 

መረጃ  ለመስጠት እ ና  የ ደም ናሙና  እ ንዲወሰድ በሙሉ ፍቃደኝ ነ ት መስማመቴን  በፊርማዬ  

አ ረ ጋግጣለሁ፡ ፡  

 

_____________________ ______________ ________/________/__________  

የ ተሳታፊ  የ ሚስጥር  ቁጥር  የ ተሳታፊ  ፊርማ     ቀን                ወር                ዓ .ም 

 

ማንበብናመፃ ፍ ለማይችሉ የ ጥና ት ተሳታፊዎች፤ ምስክር  

____________________ ________________ _________/________/__________  

የምስክር ስም        የምስክር ፊርማ         ቀን    ወር      ዓ.ም 

 

_____________________    _________________ ________/________/___________ 

የተመራማሪው ስም  የተመራማሪው  ፊርማ                 ቀን   ወር          ዓ.ም 
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Appendix V:Questionnaire (English version) 

Code: ___________PART-I Questionnaires on Socio demographic Characters  

S.no 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Responses 

 

 

 

 

 

 

 

 

 

 

1. Age of the study participant _________Years 

 

 

2. Sex 1. Male 2. Female 

 

 

 

 

3. 

 

Marital status? 

1. Married  

2. Unmarried  

3.  Divorced  

4. Widowed  

 

 

4. 

 

Religion of the participants? 

1. Orthodox  

2. Protestant  

3. Muslim  

4. Catholic  

5.  Others 

5. Occupation of the participants? 1. Governmental employee  

2. Self employed                      

3. Merchant 

4.  Farmer  

5.  Other_____ 

 

 

6. 

 

How much you earn? 

 

______ monthly 

 

b. urban 

7. Place of residency?  1. Rural 

2.  Urban 

 

8. 

 

 

 

 

 

 

 

 

 

 

Ethnic group  of the participants 

 

 

 

 

 

 

 

 

 

 

 

1. Bench  

2. Sheko 

3. Kaffa 

4. Amhara 

5. Other___ 

 

 

 

 

 

 

 

9. 

 

Educational status of the participants? 

1. Uneducated 

2. Primary 

3. Secondary 

4. Above secondary 

 

 

10. 

 

 

Duration on ART? 

 

1. For 1 year  

2. For 2 years 

3. For 3 years  

4. For  4 years 

5. ≥5 years 

 

11. 

 

ART Regimen you have been treated with? 

1. 1
st
Line ART drugs 

2. 2
nd

Line ART drugs 
 

PART-II Questions concerning about Knowledge of malaria transmission and prevention 
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12 

 

Have you heard about malaria?                                   

1. Yes  

2. No 

13. 

a.  

Is Malaria transmissible?  1. Yes 

2. No 

 

14. 

 

b.  

 

What do you think about the means of malaria transmission?  

 

 

1. Mosquito bite 

2. Body contact 

3. Respiratory route 

4. Other means  

c.  

15. 

 

Is it possible to prevent Malaria?  

1. Yes 

2. No 

16. 

 

 

 

If your answer to question number 15 is yes what is/are the prevention 

methods?(you can  choose more than just one method) 

1. Ant malarialTablets 

2. Bed nets 

3. Mosquito repellents 

4. Environmental 

sanitation 

5. Others 

17. 

 

 

If your answer to question number 15 is bed nets use as a prevention 

method for malaria, how often do you use bed nets?  

1. Once in a week 

2. Twice in a week 

3. Three times in a week 

4. ≥Four times in a week 

PART-III Questionnaires on clinical characteristics and Biochemical Parameters 

18. Stage of HIV/AIDS?  

 

1. Stage I 

2. Stage II 

3. Stage III 

4. Stage IV 

19. CD4 count in cells/ μl? Recent CD4 _____ cells/μl 

20.  Species of malaria? 1. P. falciparum 

2. P. vivax 

3. Mixed infection  

  21.  Red blood cell count (RBC)? __________RBCX10
12/l

 

22.  Hemoglobin (Hb)? ____________g/dl 

23. Hematocrit (HCT)? ____________% 

24. Mean cell volume (MCV)? ___________fl 

25.  Mean cell hemoglobin (MCH) ____________Pg 

26. Mean cell hemoglobin concentration (MCHC)? _________g/dl 

27. Red cell distribution width (RDW)? ________SD% 
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Appendix VI:  Questionnaire (በአማረኛ የተዘጋጄ ቃለመጠየቅ) 

መሇያ (          )ክፍሌ(አንድ)ማህበራዊና ሥነ ሕዝብ የሚመሇከት ጥያቄ 

1ኛ. ዕድሜ  --------------ዓመት 

2ኛ. ፆታ   1. ወንድ 2. ሴት 

3ኛ.የጋብቻሁኔታ 1.ያገባ          3 የፈታ/ች        

               2.ያሊገባ      4. የሞተበት/ባት 

4ኛ. ሃይማኖት 1. ኦርቶዶክስ      3.ሙስሉም 

               2. ፕሮተስታንት     4. ካቶሉክ     5. ላልች 

5ኛ.የሥራ ሁኔታ 1.የመንግስት ሠራተኛ 2.በግሌ ተቀጣሪ  3.ነጋዴ 4.ገበሬ   5. ላሊ 

6ኛ.የገቢ ሁኔታ  --------------------ብር በወር 

7ኛ. የሚኖሩበት አድራሻ   1.ገጠር    2. ከተማ 

8ኛ.ብሔር  1. በንች              3. ከፋ    

                2. ሸኮ   4 አማራ  5 ላሊ 

9ኛ. የትምርት ደረጃ   1.ያሌተማረ               3. 2ኛ ደረጃ  

                      2.የመጀመሪያ ደረጃ         4. ከ2ኛ ደረጃ በሊይ  

10ኛ. መድሃኒት ሊይ የቆዩበት ዓመት   1. ሇ1ዓመት     3 .ሇ3ዓመት 

                                   2. ሇ2 ዓመት   4. ሇ4ዓመት 5.ሇ5ዓመትና ከዚያም በሊይ 

11ኛ. መድሃኒት አይነት             1. የመጀመሪያ   2. ሁሇተኛ 

ክፍሌ(ሁሇት) ስሇ ወባ በሽታ የሚመሇከት ጥያቄ 

12ኛ. ስሇ ወባ በሽታ ሰምተው ያውቃለ?  1.አዎ 2.አይደሇም 

13ኛ. ስሇወባ በሽታ መተሊሇፊያ መንገድ ያውቃለ?  1.አዎ  2. አሊውቅም 

14ኛ. ሇ13ኛ ጥያቄ መሌስዎ አዎ ከሆነ የመተሊሇፊያ መንገዱ ምንድነው?   

1. በትንኝ ንክሻ 2. የሰውነት ንክክ  3.በመተንፍሻ አካሊት 4.በላሊ መንገድ 
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15ኛ. የወባ በሽታን መከሊከሌ ይቻሊሌ?         1. አዎ   2. አይቻሌም 

16ኛ.  ሇ15ኛ ጥያቄ መሌስዎ አዎ ከሆነ የሚቻሌበት መንገድ ምንድነው?   

1. ክኒን በመጠቀም         3. የትንኝ ርጭትመጠቀም 

2. አጎበር በመጠቀም    4. አካባቢን ማጽዳት 5. በላሊ መንገድ 

17ኛ.  ሇ16ኛ ጥያቄ መሌስዎ አጎበር መጠቀም ከሆነ በሳምንት ሇምን ያህሌ ጊዜ ይጠቀማለ?     

1 አንድ ጊዜ  2 ሁሇት ጊዜ  3 ሦስት ጊዜ  4 ከአራት ጊዜና ከዚያበሊይ 

PART-III Questionnaires on clinical characteristics and Biochemical Parameters 

18. Stage of HIV/AIDS?  

 

1. Stage I 

2. Stage II 

3. Stage III 

4. Stage IV 

19. CD4 count in cells/ μl? Recent CD4 _____ cells/μl 

20.  Species of malaria? 1. P. falciparum 

2. P. vivax 

3. Mixed infection  

  21.  Red blood cell count (RBC)? __________ RBCX10
12/l

 

22.  Hemoglobin (Hb)? ____________ g/dl 

23. Hematocrit (HCT)? ____________% 

24. Mean cell volume (MCV)? ___________fl 

25.  Mean cell hemoglobin (MCH) ____________Pg 

30. Mean cell hemoglobin concentration (MCHC)? _________g/dl 

31.  Red cell distribution width (RDW)? ________SD% 
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