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ABSTRACT 
 

HIV/AIDS disease manifestations play critical roles on the host's immune response to infections 
especially cell-mediated immunity which is central in combating many other infections, allowing 
opportunistic pathogens that otherwise rarely infect humans, to cause disease. There is paucity of 
information to satisfactorily explain the geographical pathophysiological overlaps of malnutrition, 
bacterial, parasitic, and viral infections widespread in sub-Saharan Africa (SSA) where HIV burden 
is much higher than elsewhere. HIV and/or co-infections may worsen HIV related symptoms and 
outcomes, alter the presentation or/and increase viral virulence consequently, assisting the 
infectivity. Hence, co-infections are potential cofactors of HIV transmission in SSA. Most of currently 
published work often underplays co-infections resulting in misleading statistics and conclusions. A 
lot of studies have been done assessing single infections in isolation or independently yet in real life 
practical situation such solitary infections are rare. The prevalence of co-infections, how these in 
isolation or combination modify or modulate HIV transmission remains poorly described. 
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1. BACKGROUND 
 
The underlying reason behind the high HIV-1 
prevalence in sub-Saharan Africa (SSA) remains 
elusive. Unlike in Europe and the United States 
of America where HIV is common among 
intravenous drug users and homosexual men     
[1-3], the African epidemic is more widely 
distributed across the general population with 
heterosexual penile-vaginal transmission as the 
main mechanism [4-6]. However, this 
observation is inconsistent with the low 
probability of heterosexual HIV transmission per 
coital act, as differences in sexual behaviour do 
not always translate to differences in HIV 
prevalence or incidence [7-10]. Long-term 
concurrent relationships may be more common 
in many parts of SSA, but national rates of 
concurrency do not also always correlate with 
burden of HIV [11-13]. Moreover, this 
heterosexual mode of transmission does not 
satisfactorily explain the relatively high proportion 
of HIV discordant couples common in the region 
who in some instances continue to bear children 
[14-17]. Thus, sexual contact with an infected 
person represents only a necessary, but not 
sufficient condition for transmission of HIV 
through sex.  
 
Recently, studies have observed a synergistic 
relationship between HIV and co-infections, 
implicating them as possible cofactors for HIV 
acquisition and transmission [18-21]. In the 
absence of such cofactors that may increase per-
contact transmission rates, HIV transmissions in 
industrialized countries have not developed into 
heterosexual epidemics. In addition to co-
infections, current thinking of scientific literature 
has demonstrated that ecological factors are 
equally important in determining an individual's 
vulnerability to HIV infection and progression to 
AIDS [22]. This scenario is further complicated 
by immunogenetic factors where human genetic 
differences may introduce heterogeneity into the 
host immune responses consequently, affecting 
the outcome of the co-infection(s), disease 
progression and/or response(s) to treatment. The 
foregoing suggests that co-infections and 
malnutrition both common SSA may be central in 
fueling the HIV epidemic in this region. 
 

2. BURDEN OF CO-INFECTIONS IN SSA 
 
On average 74% Africans are exposed to two or 
more parasitic, bacterial and viral infections 

whilst a good 26% grapple with six or more 
diseases including non-communicable diseases 
some of which are side effects attributed to 
intake of antiretroviral therapy (ART) [23-25]. 
Consequently, in such an environment, the 
potential for significant epidemiological, 
biological, immunological and clinical interactions 
between HIV and other common tropical 
pathogens is likely [22]. Co-infecting pathogens 
exist in a dynamic homeostatic balance with the 
host. Pathogenesis is due to the pathogen-
triggered disturbance of this equilibrium and the 
effectiveness of the host’s immune responses 
[26]. Relative to single pathogen infection, co-
infections can alter the transmission dynamics, 
clinical progression and treatment outcomes [27]. 
Establishing the nature, burden and 
consequences of co-infections requires 
integrated monitoring and research of different 
infectious diseases. Unfortunately, at the 
moment such researches are rare. Hence, the 
need for HIV and co-infections including the 
respective immunogenetics research may not be 
over-emphasised especially for SSA where co-
infections out-number single pathogen infections, 
a situation exacerbated by poverty and 
malnutrition. 
 

3. MALNUTRITION AND IMMUNITY 
 
The geographic and pathophysiologic overlaps of 
the malnutrition and HIV infection epidemics in 
SSA has led to the realisation that nutrition is 
essentially a gene–environment interaction 
science that complicates relationship between 
the health of the individual, their genome, and 
the life-long dietary exposure [28]. Studies have 
shown that 30% of SSA population is 
malnourished [21]. In that view, it implies that a 
significant proportion of patients who require 
ART in this region may be malnourished due to 
both HIV-associated wasting and/or inadequate 
nutrient intake [29]. Thus, HIV compromises the 
nutritional status of the infected individuals and in 
turn, malnutrition worsens the effects of the 
disease by weakening the immune system, 
consequently hastening disease progression and 
early mortality [30-32]. Studies have shown that 
the overall host malnutrition increases 
vulnerability to infectious and parasitic diseases 
[22,33,34]. For instance, zinc deficiency leads to 
impaired function of the innate and adaptive 
immune responses thereby; increasing 
susceptibility to bacterial, viral and fungal 
infections [35]. Furthermore, selenium deficiency 
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has been implicated in accelerated HIV disease 
progression [36]. Even more interestingly is the 
observation that vitamin D has been shown to 
play a fundamental role in improving anti 
tuberculosis (TB) immunity, reducing progression 
and severity of the infection [37,38]. Thus, the 
role of malnutrition in disease acquisition and 
progression cannot be over-emphasised.  
 

4. BACTERIAL CO-INFECTIONS; MYCO–
BACTERIUM 

 
Overcrowding and pysochological stress play 
critical roles in the acquisition of TBinfection 
[39,40]. The emergence of HIV has exacerbated 
an already enormous burden of TB worldwide. 
Thus, infection with HIV significantly increases 
the risk of developing active TB. T-lymphocyte 
subset is important in the control of TB. Ironically, 
HIV depletes CD4+ T-lymphocytes contributing 
to the susceptibility of the co-infected persons to 
TB [41]. Co-infection with both HIV and TB, often 
described as ‘a cursed duet”, is increasingly 
becoming a major public health challenge with 
70-80% of HIV infected patients in SSA also 
having TB [41-44]. This observation of most 
AIDS patients also being infected with TB reflects 
a large number of people receiving concurrent 
treatments in a population where drug-drug 
interactions due to anti-tuberculous drugs and 
ART are not well documented, a situation further 
complicated by use of herbs and botanicals 
common within these communities [45]. Risks for 
developing toxidermia are also high in such 
environments [46,47]. Consequently, the need 
for further research in this regard is important. 
 
In Zimbabwe, about 1 200 000 people are HIV 
infected and there is unmet need for ART 
[48,49]. This backlog of access to treatment 
gives an unfortunate but unique opportunity to 
stratify HIV infected patients as ART naïve or 
experienced and thus inadvertently helping 
assess the side effects associated with 
treatment(s) with the naïve group actingas 
controls. There is also an urgent need to 
investigate the high mortality and morbidity 
observed among the ever growing population of 
HIV exposed uninfected (HEU) children who are 
now maturing to adults but are at high risk of 
contracting infectious diseases such as TB, 
bacterial Pneumocystis jirovecci and 
Cytomegalovirus pneumonias [50]. The causes 
of the increased morbidity and mortality from 
infections among HEU children are likely to be 
multifactorial, encompassing environmental, 
maternal, and health systems issues among 

others. The increased burden of other infections 
seen among HEU raises the question of whether 
their poorly described relative state of 
immunodeficiency may contribute to their 
increased susceptibility to infectious diseases 
[51]. A genetic polymorphism in an innate 
immune protein with wide antimicrobial activities 
called mannose binding lectin is suggested to 
have evolved to enhance immunity against TB 
caused by Mycobacterium africanum among 
African populations [52]. However, the same 
polymorphism is currently believed to increase 
the risk of HIV infection and disease progression 
in the same population [53,54]. Thus, findings 
from immunogenetic studies of HIV cannot be 
extended to all co-infections. There is paucity of 
data regarding the immunogenetics of HIV/TB 
co-infections and how their co-existence may 
modify or modulate, host immune responses, 
HIV/TB acquisition, disease progression or 
response to treatment. An integrated and holistic 
approach in dealing with the two conditions is 
warranted also in view of the hepatotoxicity due 
to anti-TB drugs that limit treatment options of 
patients co-infected with HIV and TB [55]. 

 
5. HEPIC VIRUSES AND HIV INFECTION 
 
Liver disease due to chronic hepatitis B virus 
(HBV) and hepatitis C virus (HCV) infection is 
now emerging as an increasing cause of 
morbidity and mortality among HIV infected 
persons in developing nations [565758]. The 
evolution and prognosis of patients co-infected 
with HIV and HBV or HCV is not well known not 
to mention the immunological, virological and 
biochemical including the elastographic 
responses. Studies have shown that baseline 
CD4+ T-lymphocyte count is an independent 
predictor of HBV decline, emphasizing the role of 
immune status in clearance of HBV [59]. Thus, 
inadequate immune responses towards the 
hepatitis viruses in co-infected individuals may 
lead to the development of cirrhosis and end 
stage liver disease [60]. Co-infection with HIV 
poses a greater risk of mortality than either HCV 
or HBV infection alone and is frequently 
associated with hepatitis flares following ART 
initiation [61]. Among HIV-positive individuals co-
infected with HBV and/or HCV initiating ART, 
biomarkers of inflammation and coagulation have 
been shown to be associated with an increased 
risk of death [61]. Hepatitis virus-related liver 
disease substantially increases the mortality rate 
of patients with HIV on highly active antiretroviral 
therapy (HAART) and as a result management of 
these patients warrants special attention [62,63]. 
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To this end, there is a need to evaluate the role 
of HBV co-infection on immunological, virological 
and clinical responses to lamivudine based ART 
commonly prescribed in this region.There are 
also challenges associated with differentiating 
the etiologies of liver disease of viral hepatitis 
from drug-related hepatotoxicity, fatty liver 
disease, including direct and indirect effects of 
HIV infection, increased bacterial translocation, 
immune activation, and the presence of soluble 
proteins that modulate the hepatic cytokine 
environment [64]. 
 

6. ONCOGENIC VIRUSES; HUMAN 
PAPILLOMA VIRUS (HPV) 

 
Besides being the main tumor virus in 
gynaecological malignancies HPV has been 
frequently detected in other anogenital tumors 
such as vulva/vagina, anal and penis carcinomas 
[65]. Controversial reports on the detection of 
HPV in various other tumors on the heart, kidney, 
prostate, urinary bladder, oral cavity, larynx, 
esophagus, stomach, colon, liver, endometrium, 
ovary, breast, skin, lung, ocular surface and skin 
have been cited [66-72]. HIV infection has 
demonstrated an increased risk of developing 
some malignancies [73,74]. Mounting scientific 
evidence points to a strong association between 
HPV infection and HIV acquisition [75-79]. Thus, 
HIV infection has an immediate impact on genital 
tract immunity, as evidenced by the high risk of 
multiple new HPV detections immediately after 
HIV acquisition [80]. HPV clearance has been 
associated with subsequent HIV sero-
conversion, suggesting that HPV prevention 
could be another tool for HIV prevention [81-84]. 
Ecological correlation between HIV prevalence 
and the increase of HPV18 and the decrease of 
HPV 45 in SSA [85] warrants the need to 
consider different national specific monitoring 
programmes for these co-infections. Due to the 
oncogenic activity of HPVs, it is clinically 
important to detect HPV infections and to 
accurately identify the particular HPV types 
associated with specific cancers.Zimbabwe is 
one of the countries hardest hit by the HIV 
pandemic with cervical cancer affecting 1 in 2000 
women [86,87]. Despite the high prevalence of 
both HPV infections and cervical cancer among 
Zimbabwean women, the ability to test for HPV 
infection of the uterine cervix is limited by a lack 
of an easy and cheap detection method that 
does not require gynecological examination, a 
situation exacerbated by medical professionals’ 
brain drain. It is sad to note that 91% of rural 
women had never had cervical screening and 

81% had no knowledge of cervical screening 
tests [88]. HPV DNA testing recently emerged as 
a likely candidate to complement Pap cytology 
for primary screening and more successful for 
early cancer diagnosis. However, currently HPV 
screening, epidemiological surveillance and 
research are hampered by high cost of 
commercial kits currently available on the 
market. Accessibility could be improved through 
development of simpler test complemented by 
urine-based HPV assays, dried cervical samples 
or dried blood spots as opposed to serum or 
plasma. Immune genetic factors influencing the 
progression to cancers also remain poorly 
defined. 
 
HPV clearance seems to be under host genetic 
influence. Immunogenetic research explores the 
relationship between susceptibility to infectious 
microorganisms and human genetics. Thus, 
behavioral, biological factors, immunological, 
including ethnic variation in host restriction genes 
may play roles in differential transmission of the 
HIV pandemic. There is substantial 
epidemiological evidence that host genetic 
factors such as human leukocyte antigens 
(HLAs) and closely linked genes of the major 
histocompatibility complex (MHC) as well as non-
MHC factors such as cytokines/chemokines and 
their receptors/promoters are important 
determinants of susceptibility or resistance to 
infectious diseases including differential 
response to treatments. HLAs are central to the 
recognition and presentation of pathogens to the 
immune system and therefore are a fundamental 
part of the human immune system. In view of 
challenges associated with early cancer 
diagnosis, investigation of host genetic factors 
associated with high-risk HPV types such as 
TP53, Arg72Pro, RNASEL, Arg462Gln or 
CASP8, HLA-G polymorphisms, HLA class II 
alleles especially DQB1*0602 and DRB1*1501, 
HLA class II DRB1*13/DBQ1*0603 oradipokines 
allows the identification of the proportion of 
individuals at risk of developing cancers 
[89,90,91,92,93,94,95-97]. Several studies on 
HLA and disease association with HIV have been 
reported in different ethnic populations yet little 
information is available on HIV infected 
individuals in SSA with special reference to the 
incidence of co-infections and association with 
HLA.  
 

7. PARASITES AND HIV CO-INFECTIONS 
 
Parasite-HIV co-infections and interactions are 
one of the neglected areas in HIV research. 
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Recent studies have shown that malaria and 
helminthic infections could disturb the balance of 
anti-HIV immune responses thereby positively 
contributing to HIV replication and accelerated 
progression to AIDS [22,33,98]. HIV and malaria 
interact synergistically, with regions of the world 
that are most affected by malaria also carrying a 
heavy burden of HIV. In view of this overlap in 
their global distribution, it is presumed malaria 
increases HIV viral load as much as 10-fold 
thereby increasing the HIV transmission 
dynamics of HIV-infected persons at the 
population level [99-102]. HIV infection has also 
been shown to impair the inflammatory response 
of innate effect or cells to malaria [103]. Malaria 
infection has been shown to be associated with 
strong CD4+ T-lymphocyte activation and up-
regulation of pro-inflammatory cytokines thereby 
facilitating an ideal microenvironment for the 
spread of the virus among the CD4+ lymphocyte 
and for rapid HIV-1 replication [104].  
 
Helminthic and HIV-1 co-infections are also 
common in SSA [22]. Thus, the convergent 
distribution of the HIV and helminthes infections 
is suggestive of a possible biologically plausible 
observation that persistent infection with 
helminthes may exacerbates the HIV epidemic in 
this region [105,106]. There is now great interest 
in incorporating deworming into control 
programmes for many major diseases such as 
HIV, TB or malaria [107]. Recent studies have 
shown that deworming HIV-infected persons 
results in a statistically significant increase in 
CD4+ T-lymphocyte counts implying that a 
simple, inexpensive but effective deworming 
medication like albendazole could allow           
HIV-infected people to delay uptake of ART    
[108-110]. Schistosoma hematobium which 
affects almost 200 million people in SSA has 
been shown to act as a co-factor for HIV 
transmission, whereby parasite lesions create 
open portals for HIV and inflammation in the 
genital area making transmission more efficient 
consequently, increasing the risk of HIV 
acquisition three-fold [111-115]. Helminthes 
induced chronic immune-activation; altered 
immune cell distribution, immune suppression, 
and strong T-helper-2 bias have also been 
shown to increase susceptibility to HIV, including 
enhancing its replication and facilitating faster 
progression to AIDS [116]. There is paucity of 
data regarding parasite(s) co-infection with HIV 
and how their co-existence may modify or 
modulate, host immune response, HIV 
acquisition, disease progression and/or response 

to treatment in the background of a SSA 
population infested with a myriad of parasites. 
 
Considering, the population specific differences 
in the frequencies of protective or susceptibility 
alleles and their influence on the disease 
outcome, it is of utmost importance to strengthen 
ongoing efforts towards defining largely unknown 
genetic propensity in our local population, 
particularly by recruitment of large cohorts of well 
categorized exposed uninfected individuals 
including rapid, long term non progressors and 
elite viremic controllers. Multi-parametric or 
modeling analysis of these potentially interactive 
immunogenetic variables in these cohorts may 
help to identify potential pathogen-host biological 
or immunological factors which will also 
undoubtedly lead to biomarkers that may have 
diagnostic and/or prognostic values. Further 
research is also needed to identify the role of 
predisposed risks not only to single pathogen 
infection but also more importantly in the 
presence of co-infections.Due to the 
multifactorial nature of the immune forces at play 
against HIV and co-infections, genome wide 
association studies (GWAS) on co-infected 
populations may provide a more informative 
approach compared to candidate gene 
association studies. However, literature on such 
studies remains very limited especially in 
Africa.In addition to the need for population 
based studies on co-infections, microbe-microbe 
interactions deserve further research efforts as 
well. 
 

8. CONCLUSION 
 
Determination of cellular, immunological 
including inflammatory profiles associated with 
different co-infections in both immunocompetent 
and immune compromised who are either ART 
naïve or experienced can be used as 
immunological markers to detect individuals at 
higher risk of developing a faster disease 
progression or therapeutic failure. Co-infections 
studies involving at least three different infections 
would generate a more coherent picture of the 
nature and consequences of such infections in 
terms of disease acquisition and progression, 
immune responses including response to 
therapy. This may be achieved through careful 
selection of cohort(s) and comparing groups with 
different co-morbidities alongside their respective 
immune response profiles to HIV, genetic 
susceptibility to infection. Interpretation of data 
derived from such studies is more likely to be 
able to predict disease acquisition and 
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progression. Further investigations of these 
interactions are needed to elucidate the role(s) of 
co-infections with the long term goal of providing 
‘‘individualized medicine’’, for a more effective 
patient management tailored according to 
patient’s immunogenetics, at the same time 
improving predictive capacity with respect to 
acquisition, disease prognosis and treatment 
outcome. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Scully C, Cawson RA, Porter SR. Acquired 
immune deficiency syndrome: review. Br 
Dent J. 1986;161(2):53-60. 

2. Klavs I, Bergant N, Kastelic Z, Lamut A, 
Kustec T: Disproportionate and increasing 
burden of HIV infection among men who 
have sex with men in Slovenia: 
Surveillance data for 1999-2008. Euro 
Surveill. 2009;14(47). 

3. Lansky A, Brooks JT, DiNenno E, et al. 
Epidemiology of HIV in the United States. J 
Acquir Immune Defic Syndr. 
2010;55(Suppl 2):S64-S68. 

4. Preble EA, Foumbi J. The African family 
and AIDS: A current look at the epidemic. 
AIDS. 1991;5(Suppl 2):S263-S267. 

5. Potterat JJ. AIDS epidemiology in Africa: A 
changing of the guard. Int J STD AIDS. 
2009;20(12):812-815. 

6. Hunter DJ. AIDS in sub-Saharan Africa: 
the epidemiology of heterosexual 
transmission and the prospects for 
prevention. Epidemiology. 1993;4(1):63-
72. 

7. Mapingure MP, Msuya S, Kurewa NE, et 
al. Sexual behaviour does not reflect HIV-1 
prevalence differences: A comparison 
study of Zimbabwe and Tanzania. J Int 
AIDS Soc. 2010;13:45. 

8. Pettifor AE, Hudgens MG, Levandowski 
BA, Rees HV, Cohen MS. Highly efficient 
HIV transmission to young women in South 
Africa. AIDS. 2007;21(7):861-865. 

9. Deuchert E, Brody S. Plausible and 
implausible parameters for mathematical 
modeling of nominal heterosexual HIV 
transmission. Ann Epidemiol. 2007;17(3): 
237-244. 

10. Gisselquist D, Rothenberg R, Potterat J, 
Drucker E. HIV infections in sub-Saharan 
Africa not explained by sexual or vertical 
transmission. Int J STD AIDS. 2002; 
13(10):657-666. 

11. Mishra V, Bignami-Van Assche S. 
Concurrent sexual partnerships and HIV 
infection: Evidence from National 
Population-Based Surveys. DHS Working 
paper;   2009.  USAID. Ref Type: Report. 

12. Kretzschmar M, Morris M. Measures of 
concurrency in networks and the spread of 
infectious disease. Math Biosci. 
1996;133(2):165-195. 

13. Sawers L, Stillwaggon E. Concurrent 
sexual partnerships do not explain the HIV 
epidemics in Africa: A systematic review of 
the evidence. J Int AIDS Soc. 2010;13:34. 

14. Merino A, Malhotra R, Morton M, et al. 
Impact of a functional KIR2DS4 allele on 
heterosexual HIV-1 transmission among 
discordant Zambian couples. J Infect Dis. 
2011;203(4):487-495. 

15. Eyawo O, de WD, Ford N, et al. HIV status 
in discordant couples in sub-Saharan 
Africa: A systematic review and meta-
analysis. Lancet Infect Dis. 
2010;10(11):770-777. 

16. Lingappa JR, Lambdin B, Bukusi EA, et al. 
Regional differences in prevalence of HIV-
1 discordance in Africa and enrollment of 
HIV-1 discordant couples into an HIV-1 
prevention trial. PLoS One. 
2008;3(1):e1411. 

17. Guthrie BL, de BG, Farquhar C: HIV-1-
discordant couples in sub-Saharan Africa: 
Explanations and implications for high 
rates of discordancy. Curr HIV Res 
2007;5(4):416-429. 

18. Simonsen JN, Fowke KR, MacDonald KS, 
Plummer FA. HIV pathogenesis: 
Mechanisms of susceptibility and disease 
progression. Curr Opin Microbiol 
1998;1(4):423-429. 

19. Paulo M, Borges AB, Duarte G, et al. The 
environmental cofactors in carcinogenesis 
in high risk HPV/HIV-positive women. Braz 
J Infect Dis. 2007;11(2):189-195. 

20. Tobian AA, Quinn TC. Herpes simplex 
virus type 2 and syphilis infections with 
HIV: An evolving synergy in transmission 
and prevention. Curr Opin HIV AIDS. 
2009;4(4):294-299. 

21. Koethe JR, Chi BH, Megazzini KM, 
Heimburger DC, Stringer JS. Macronutrient 
supplementation for malnourished HIV-



 
 
 
 

Duri et al.; BMRJ, 6(2): 84-94, 2015; Article no.BMRJ.2015.061 
 
 

 
90 

 

infected adults: A review of the evidence in 
resource-adequate and resource-
constrained settings. Clin Infect Dis. 
2009;49(5):787-798. 

22. Karp CL, Auwaerter PG. Coinfection with 
HIV and tropical infectious diseases. II. 
Helminthic, fungal, bacterial, and viral 
pathogens. Clin Infect Dis. 
2007;45(9):1214-1220. 

23. Amuyunzu-Nyamongo M. Need for a multi-
factorial, multi-sectorial and multi-
disciplinary approach to NCD prevention 
and control in Africa. Glob Health Promot. 
2010;17(2 Suppl):31-32. 

24. Ullrich A, Ott JJ, Vitoria M, Martin-Moreno 
JM, Atun R. Long-term care of AIDS and 
non-communicable diseases. Lancet. 
2011;377(9766):639-640. 

25. Mayosi BM, Flisher AJ, Lalloo UG, et al. 
The burden of non-communicable 
diseases in South Africa. Lancet. 
2009;374(9693):934-947. 

26. Griffiths EC, Pedersen AB, Fenton A, 
Petchey OL. The nature and 
consequences of coinfection in humans. J 
Infect. 2011;63(3):200-206. 

27. Lawn SD. AIDS in Africa: The impact of 
coinfections on the pathogenesis of HIV-1 
infection. J Infect. 2004;48(1):1-12. 

28. Afman L, Muller M. Nutrigenomics: From 
molecular nutrition to prevention of 
disease. J Am Diet Assoc. 
2006;106(4):569-576. 

29. Koethe JR, Heimburger DC. Nutritional 
aspects of HIV-associated wasting in sub-
Saharan Africa. Am J Clin Nutr. 
2010;91(4):1138S-1142S. 

30. Peters BS, Wierzbicki AS, Moyle G, Nair 
D, Brockmeyer N. The effect of a 12-week 
course of omega-3 polyunsaturated fatty 
acids on lipid parameters in 
hypertriglyceridemic adult HIV-infected 
patients undergoing HAART: A 
randomized, placebo-controlled pilot trial. 
Clin Ther. 2012;34(1):67-76. 

31. Oliveira JM, Rondo PH. Omega-3 fatty 
acids and hypertriglyceridemia in HIV-
infected subjects on antiretroviral therapy: 
Systematic review and meta-analysis. HIV 
Clin Trials. 2011;12(5):268-274. 

32. Woods MN, Wanke CA, Ling PR, et al. 
Effect of a dietary intervention and n-3 fatty 
acid supplementation on measures of 
serum lipid and insulin sensitivity in 
persons with HIV. Am J Clin Nutr. 
2009;90(6):1566-1578. 

33. Harms G, Feldmeier H. HIV infection and 
tropical parasitic diseases - deleterious 
interactions in both directions? Trop Med 
Int Health. 2002;7(6):479-488. 

34. Ter Kuile FO, Parise ME, Verhoeff FH, et 
al. The burden of co-infection with human 
immunodeficiency virus type 1 and malaria 
in pregnant women in sub-saharan Africa. 
Am J Trop Med Hyg. 2004;71(2 Suppl):41-
54. 

35. Wellinghausen N. Immunobiology of 
gestational zinc deficiency. Br J Nutr. 
2001;85(Suppl 2):S81-S86. 

36. Kupka R, Msamanga GI, Spiegelman D, et 
al. Selenium status is associated with 
accelerated HIV disease progression 
among HIV-1-infected pregnant women in 
Tanzania. J Nutr. 2004;134(10):2556-
2560. 

37. Mastala Y, Nyangulu P, Banda RV, et al. 
Vitamin D deficiency in medical patients at 
a central hospital in Malawi: A comparison 
with TB patients from a previous study. 
PLoS One. 2013;8(3):e59017. 

38. Kibirige D, Mutebi E, Ssekitoleko R, 
Worodria W, Mayanja-Kizza H. Vitamin D 
deficiency among adult patients with 
tuberculosis: A cross sectional study from 
a national referral hospital in Uganda. BMC 
Res Notes. 2013;6(1):293. 

39. Corbett EL, Bandason T, Cheung YB, et al. 
Prevalent infectious tuberculosis in Harare, 
Zimbabwe: Burden, risk factors and 
implications for control. Int J Tuberc Lung 
Dis. 2009;13(10):1231-1237. 

40. Shears P. Poverty and infection in the 
developing world: Healthcare-related 
infections and infection control in the 
tropics. J Hosp Infect. 2007;67(3):217-224. 

41. Diedrich CR, Flynn JL. HIV-
1/mycobacterium tuberculosis coinfection 
immunology: How does HIV-1 exacerbate 
tuberculosis? Infect Immun. 2011;79(4): 
1407-1417. 

42. Deadly HIV-TB co-epidemic in sub-
Saharan Africa: AIDS Read. 2008; 
18(1):15. 

43. De Cock KM, Soro B, Coulibaly IM, Lucas 
SB. Tuberculosis and HIV infection in sub-
Saharan Africa. JAMA. 
1992;268(12):1581-1587. 

44. Idemyor V. HIV and tuberculosis 
coinfection: Inextricably linked liaison. J 
Natl Med Assoc. 2007;99(12):1414-1419. 



 
 
 
 

Duri et al.; BMRJ, 6(2): 84-94, 2015; Article no.BMRJ.2015.061 
 
 

 
91 

 

45. Monera TG, Wolfe AR, Maponga CC, 
Benet LZ, Guglielmo J. Moringa oleifera 
leaf extracts inhibit 6beta-hydroxylation of 
testosterone by CYP3A4. J Infect Dev 
Ctries. 2008;2(5):379-383. 

46. Fekih L, Fenniche S, Boussoffara L, et al. 
Hypersensitivity reactions to 
antituberculous therapy. Rev Mal Respir. 
2010;27(7):673-678. 

47. Cisse M, So N, Keita M, Soumah MM, 
Camara A. Toxidermia during antiretroviral 
therapy in Conakry, Guinea. Med Trop 
(Mars). 2008;68(2):203. 

48. Wringe A, Floyd S, Kazooba P, et al. 
Antiretroviral therapy uptake and coverage 
in four HIV community cohort studies in 
sub-Saharan Africa. Trop Med Int Health. 
2012;17(8):e38-e48. 

49. Mutasa-Apollo T, Shiraishi RW, Takarinda 
KC, et al. Patient retention, clinical 
outcomes and attrition-associated factors 
of HIV-infected patients enrolled in 
Zimbabwe's National Antiretroviral Therapy 
Programme, 2007-2010. PLoS One. 
2014;9(1):e86305. 

50. Afran L, Garcia KM, Nduati E, et al. HIV-
exposed uninfected children: A growing 
population with a vulnerable immune 
system? Clin Exp Immunol. 
2014;176(1):11-22. 

51. Kakkar F, Lamarre V, Ducruet T, et al. 
Impact of maternal HIV-1 viremia on 
lymphocyte subsets among HIV-exposed 
uninfected infants: Protective mechanism 
or immunodeficiency. BMC Infect Dis 
2014;14:236. 

52. Thye T, Niemann S, Walter K, et al. 
Variant G57E of mannose binding lectin 
associated with protection against 
tuberculosis caused by Mycobacterium 
africanum but not by M. tuberculosis. PLoS 
One. 2011;6(6):e20908. 

53. Mhandire K, Pharo G, Kandawasvika GQ, 
et al. How does mother-to-child 
transmission of HIV differ among African 
populations? Lessons from MBL2 genetic 
variation in Zimbabweans. OMICS 
2014;18(7):454-460. 

54. Mombo LE, Lu CY, Ossari S, et al. 
Mannose-binding lectin alleles in sub-
Saharan Africans and relation with 
susceptibility to infections. Genes Immun. 
2003;4(5):362-367. 

55. Lima MF, Melo HR. Hepatotoxicity induced 
by antituberculosis drugs among patients 

coinfected with HIV and tuberculosis. Cad 
Saude Publica. 2012;28(4):698-708. 

56. Dziuban EJ, Marton SA, Hughey AB, et al. 
Seroprevalence of hepatitis B in a cohort of 
HIV-infected children and adults in 
Swaziland. Int J STD AIDS. 
2013;24(7):561-565. 

57. Puoti M, Moioli MC, Travi G, Rossotti R. 
The burden of liver disease in human 
immunodeficiency virus-infected patients. 
Semin Liver Dis. 2012;32(2):103-113. 

58. Lacombe K, Rockstroh J. HIV and viral 
hepatitis coinfections: Advances and 
challenges. Gut. 2012;61(Suppl 1):i47-i58. 

59. Cortez KJ, Proschan MA, Barrett L, et al. 
Baseline CD4+ T-cell counts predict HBV 
viral kinetics to adefovir treatment in 
lamivudine-resistant HBV-infected patients 
with or without HIV infection. HIV Clin 
Trials. 2013;14(4):149-159. 

60. Ionescu B, Mihaescu G. Hepatitis B, C and 
D coinfection in HIV-infected patients: 
Prevalence and progress. Roum Arch 
Microbiol Immunol. 2011;70(3):129-133. 

61. Andrade BB, Hullsiek KH, Boulware DR, et 
al. Biomarkers of inflammation and 
coagulation are associated with mortality 
and hepatitis flares in persons coinfected 
with HIV and hepatitis viruses. J Infect Dis 
2013;207(9):1379-1388. 

62. Anggorowati N, Yano Y, Heriyanto DS, et 
al. Clinical and virological characteristics of 
hepatitis B or C virus co-infection with HIV 
in Indonesian patients. J Med Virol. 
2012;84(6):857-865. 

63. Martin-Carbonero L, Poveda E. Hepatitis B 
virus and HIV infection. Semin Liver Dis 
2012;32(2):114-119. 

64. Sherman KE, Thomas D, Chung RT. 
Human immunodeficiency virus and liver 
disease forum 2012. Hepatology; 2013. 

65. Chaux A, Netto GJ, Rodriguez IM, et al. 
Epidemiologic profile, sexual history, 
pathologic features, and human 
papillomavirus status of 103 patients with 
penile carcinoma. World J Urol; 2011. 

66. Kroupis C, Markou A, Vourlidis N, 
Dionyssiou-Asteriou A, Lianidou ES. 
Presence of high-risk human 
papillomavirus sequences in breast cancer 
tissues and association with 
histopathological characteristics. Clin 
Biochem. 2006;39(7):727-731. 

67. Torrente MC, Ampuero S, Abud M, Ojeda 
JM. Molecular detection and typing of 



 
 
 
 

Duri et al.; BMRJ, 6(2): 84-94, 2015; Article no.BMRJ.2015.061 
 
 

 
92 

 

human papillomavirus in laryngeal 
carcinoma specimens. Acta Otolaryngol. 
2005;125(8):888-893. 

68. Tampi C, Pai S, Doctor VM, Plumber S, 
Jagannath P. HPV-associated carcinoma 
of esophagus in the young: A case report 
and review of literature. Int J Gastrointest 
Cancer. 2005;35(2):135-142. 

69. Zafer E, Ergun MA, Alver G, et al. 
Detection and typing of human 
papillomavirus in non-small cell lung 
cancer. Respiration. 2004;71(1):88-90. 

70. Anton G, Achim R, Plesa A, Repanovici R. 
Is the human papillomavirus DNA present 
in penile warts? Rom J Virol. 1999;50(1-
4):91-97. 

71. Rollison DE, Pawlita M, Giuliano AR, et al. 
Measures of cutaneous human 
papillomavirus infection in normal tissues 
as biomarkers of HPV in corresponding 
nonmelanoma skin cancers. Int J Cancer 
2008;123(10):2337-2342. 

72. Crawford L, Tommasino M. Oncogenes 
and antioncogenes in the development of 
HPV associated tumors. Clin Dermatol. 
1997;15(2):207-215. 

73. Krishnan A, Levine AM. Malignancies in 
women with HIV infection. Womens Health 
(Lond Engl). 2008;4(4):357-368. 

74. Arora A, Chiao E, Tyring SK. AIDS 
malignancies. Cancer Treat Res. 
2007;133:21-67. 

75. Baay MF, Kjetland EF, Ndhlovu PD, et al. 
Human papillomavirus in a rural 
community in Zimbabwe: The impact of 
HIV co-infection on HPV genotype 
distribution. J Med Virol. 2004;73(3):481-
485. 

76. Banura C, Franceschi S, Doorn LJ, et al. 
Infection with human papillomavirus and 
HIV among young women in Kampala, 
Uganda. J Infect Dis. 2008;197(4):555-
562. 

77. Rowhani-Rahbar A, Hawes SE, Sow PS, 
et al. The impact of HIV status and type on 
the clearance of human papillomavirus 
infection among Senegalese women. J 
Infect Dis. 2007;196(6):887-894. 

78. Ng'andwe C, Lowe JJ, Richards PJ, et al. 
The distribution of sexually-transmitted 
Human Papillomaviruses in HIV positive 
and negative patients in Zambia, Africa. 
BMC Infect Dis. 2007;7:77. 

79. Averbach SH, Gravitt PE, Nowak RG, et al. 
The association between cervical human 

papillomavirus infection and HIV 
acquisition among women in Zimbabwe. 
AIDS. 2010;24(7):1035-1042. 

80. Nowak RG, Gravitt PE, Morrison CS, et al. 
Increases in human papillomavirus 
detection during early HIV infection among 
women in Zimbabwe. J Infect Dis. 
2011;203(8):1182-1191. 

81. Aerssens A, Claeys P, Garcia A, et al. 
Natural history and clearance of HPV after 
treatment of precancerous cervical lesions. 
Histopathology. 2008;52(3):381-386. 

82. Banura C, Sandin S, van Doorn LJ, et al. 
Type-specific incidence, clearance and 
predictors of cervical human 
papillomavirus infections (HPV) among 
young women: A prospective study in 
Uganda. Infect Agent Cancer. 2010;5:7. 

83. Johnson HC, Elfstrom KM, Edmunds WJ. 
Inference of type-specific HPV 
transmissibility, progression and clearance 
rates: A mathematical modelling approach. 
PLoS One. 2012;7(11):e49614. 

84. Asiimwe S, Whalen CC, Tisch DJ, 
Tumwesigye E, Sethi AK. Prevalence and 
predictors of high-risk human 
papillomavirus infection in a population-
based sample of women in rural Uganda. 
Int J STD AIDS. 2008;19(9):605-610. 

85. Ndiaye C, Alemany L, Ndiaye N, et al. 
Human papillomavirus distribution in 
invasive cervical carcinoma in sub-
Saharan Africa: Could HIV explain the 
differences? Trop Med Int Health; 2012. 

86. Stanczuk GA, Kay P, Sibanda E, et al. 
Typing of human papillomavirus in 
Zimbabwean patients with invasive cancer 
of the uterine cervix. Acta Obstet Gynecol 
Scand. 2003;82(8):762-766. 

87. Lowe SM, Katsidzira L, Meys R, et al. 
Acquired epidermodysplasia verruciformis 
due to multiple and unusual HPV infection 
among vertically-infected, HIV-positive 
adolescents in Zimbabwe. Clin Infect Dis. 
2012;54(10):e119-e123. 

88. Mupepi SC, Sampselle CM, Johnson TR. 
Knowledge, attitudes, and demographic 
factors influencing cervical cancer 
screening behavior of Zimbabwean 
women. J Womens Health (Larchmt). 
2011;20(6):943-952. 

89. Chatterjee K, Williamson AL, Hoffman M, 
Dandara C. CASP8 promoter 
polymorphism is associated with high-risk 
HPV types and abnormal cytology but not 



 
 
 
 

Duri et al.; BMRJ, 6(2): 84-94, 2015; Article no.BMRJ.2015.061 
 
 

 
93 

 

with cervical cancer. J Med Virol. 
2011;83(4):630-636. 

90. Tommasino M, Accardi R, Caldeira S, et 
al. The role of TP53 in Cervical 
carcinogenesis. Hum Mutat. 
2003;21(3):307-312. 

91. Barbisan G, Contreras A, Perez LO, 
Difranza L, Golijow CD. The effect of TP53 
codon 72 and RNASEL codon 462 
polymorphisms on the development of 
cervical cancer in Argentine women. 
Cancer Genet. 2011;204(5):270-277. 

92. Engelmark M, Beskow A, Magnusson J, 
Erlich H, Gyllensten U. Affected sib-pair 
analysis of the contribution of HLA class I 
and class II loci to development of cervical 
cancer. Hum Mol Genet 2004;13(17):1951-
1958. 

93. Chan PK, Cheung TH, Lin CK, et al. 
Association between HLA-DRB1 
polymorphism, high-risk HPV infection and 
cervical neoplasia in southern Chinese. J 
Med Virol. 2007;79(7):970-976. 

94. Hildesheim A, Wang SS. Host and viral 
genetics and risk of cervical cancer: A 
review. Virus Res. 2002;89(2):229-240. 

95. Baker R, Dauner JG, Rodriguez AC, et al. 
Increased plasma levels of adipokines and 
inflammatory markers in older women with 
persistent HPV infection. Cytokine. 
2011;53(3):282-285. 

96. Hwang LY, Scott ME, Ma Y, Moscicki AB. 
Higher levels of cervicovaginal 
inflammatory and regulatory cytokines and 
chemokines in healthy young women with 
immature cervical epithelium. J Reprod 
Immunol. 2011;88(1):66-71. 

97. Arioz DT, Altindis M, Tokyol C, et al. 
Human papillomavirus typing and soluble 
interleukin-2 receptor levels in female sex 
workers with a negative cervical smear 
result. Int J Gynaecol Obstet. 
2009;106(3):210-212. 

98. Karp CL, Auwaerter PG. Coinfection with 
HIV and tropical infectious diseases. I. 
Protozoal pathogens. Clin Infect Dis. 
2007;45(9):1208-1213. 

99. Hochman S, Kim K. The impact of HIV 
coinfection on cerebral malaria 
pathogenesis. J Neuroparasitology. 
2012;3. 

100. Cuadros DF, Branscum AJ, Crowley PH. 
HIV-malaria co-infection: Effects of malaria 
on the prevalence of HIV in East sub-
Saharan Africa. Int J Epidemiol; 2011. 

101. Chalwe V, Van Geertruyden JP, 
Mukwamataba D, et al. Increased risk for 
severe malaria in HIV-1-infected adults, 
Zambia. Emerg Infect Dis. 2009;15(5):749. 

102. Cohen C, Karstaedt A, Frean J, et al. 
Increased prevalence of severe malaria in 
HIV-infected adults in South Africa. Clin 
Infect Dis. 2005;41(11):1631-1637. 

103. Finney CA, Ayi K, Wasmuth JD, et al. HIV 
infection deregulates innate immunity to 
malaria despite combination antiretroviral 
therapy. AIDS. 2013;27(3):325-335. 

104. Alemu A, Shiferaw Y, Addis Z, Mathewos 
B, Birhan W. Effect of malaria on HIV/AIDS 
transmission and progression. Parasit 
Vectors. 2013;6:18. 

105. Borkow G, Weisman Z, Leng Q, et al. 
Helminths, human immunodeficiency virus 
and tuberculosis. Scand J Infect Dis. 
2001;33(8):568-571. 

106. Shapira-Nahor O, Kalinkovich A, Weisman 
Z, et al. Increased susceptibility to HIV-1 
infection of peripheral blood mononuclear 
cells from chronically immune-activated 
individuals. AIDS. 1998;12(13):1731-1733. 

107. Fenton A. Dances with worms: The 
ecological and evolutionary impacts of 
deworming on coinfecting pathogens. 
Parasitology. 2013;140(9):1119-1132. 

108. Walson J, Singa B, Sangare L, et al. 
Empiric deworming to delay HIV disease 
progression in adults with HIV who are 
ineligible for initiation of antiretroviral 
treatment (the HEAT study): A multi-site, 
randomised trial. Lancet Infect Dis; 2012. 

109. Gerns HL, Sangare LR, Walson JL. 
Integration of deworming into HIV care and 
treatment: A neglected opportunity. PLoS 
Negl Trop Dis. 2012;6(7):e1738. 

110. Walson J, Singa B, Sangare L, et al. 
Empiric deworming to delay HIV disease 
progression in adults with HIV who are 
ineligible for initiation of antiretroviral 
treatment (the HEAT study): A multi-site, 
randomised trial. Lancet Infect Dis; 2012. 

111. Lustigman S, Prichard RK, Gazzinelli A, et 
al. A research agenda for helminth 
diseases of humans: The problem of 
helminthiases. PLoS Negl Trop Dis. 
2012;6(4):e1582. 

112. Kjetland EF, Leutscher PD, Ndhlovu PD. A 
review of female genital schistosomiasis. 
Trends Parasitol. 2012;28(2):58-65. 

113. Downs JA, van Dam GJ, Changalucha JM, 
et al. Association of Schistosomiasis and 



 
 
 
 

Duri et al.; BMRJ, 6(2): 84-94, 2015; Article no.BMRJ.2015.061 
 
 

 
94 

 

HIV Infection in Tanzania. Am J Trop Med 
Hyg; 2012. 

114. Kallestrup P, Zinyama R, Gomo E, et al. 
Schistosomiasis and HIV-1 infection in 
rural Zimbabwe: Effect of treatment of 
schistosomiasis on CD4 cell count and 
plasma HIV-1 RNA load. J Infect Dis. 
2005;192(11):1956-1961. 

115. Chenine AL, Buckley KA, Li PL, et al. 
Schistosoma mansoni infection promotes 

SHIV clade C replication in rhesus 
macaques. AIDS. 2005;19(16):1793-1797. 

116. Lawn SD, Butera ST, Folks TM. 
Contribution of immune activation to the 
pathogenesis and transmission of human 
immunodeficiency virus type 1 infection. 
Clin Microbiol Rev. 2001;14(4):753-77. 

 
 

_________________________________________________________________________________ 
© 2015 Duri et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 
 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=828&id=8&aid=7289 
 


