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  Abstract:  In sub-Sahara Africa, micronutrient defi ciency, especially of antioxidant micronutrients in-
cluding vitamins A, C, and E, β-carotene, selenium, zinc, and polyphenols is very common in HIV-
positive patients. Amongst adults, women are the most vulnerable. Antioxidants are known to play a 
vital role in the immune system, reducing oxidative stress. Oxidative stress is induced by excess pro-
duction of reactive oxygen species (ROS), due to the HIV infection. Such damage may be prevented 
or moderated through adequate oral intake of antioxidants, scavenging ROS, as well as protecting cells 
and tissues against oxidative stress. Antioxidants can be provided to the body through locally availab-
le antioxidant rich-diets such as fruit-and-vegetable-based diets and/or dietary supplements. Provisi-
on of antioxidants through local diets or dietary supplements exercise benefi cial effects on biological 
markers of the immune system (CD4 and viral load). However, while dietary supplements represent 
a costly and short-term strategy to limiting antioxidant defi ciency, local diets, combined with adequate 
nutritional education, can provide a low-cost and long-term strategy to reduce oxidative stress, prevent 
micronutrient defi ciency, and slow down HIV disease progression. The former can be applicable in 
countries around the West, Central, and South coast of Africa, which are rich in natural food resources.
In contrast with signifi cant evidence that dietary supplements confer benefi ts in HIV patients, fewer data 
are available relating to the benefi ts of local diets. Thus the need to do more research in this area arises.
This review compares available data on effects of antioxidants on CD4 and viral load in HIV-positive women 
noneligible for antiretroviral therapy. Intake of antioxidants though dietary supplements and local diet, 
associated with nutritional education, is compared. Studies conducted in sub-Sahara Africa are considered. 

  Key words:  micronutrient, dietary supplement, antioxidant, CD4, Viral load, local diet, HIV infection 
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 Introduction 

 The human immunodefi ciency virus (HIV) is one of 
the most important public health problems that have 
increased the mortality rate in sub-Sahara Africa [55]. 
According to the United Nations Development Pro-
gram on HIV/AIDS, out of the 39.5 million adults and 
children estimated worldwide to be living with HIV, 
24.7 million comes from sub-Saharan Africa. Of these, 
approximately 50 % are women [65]. 

 Since the beginning of the HIV epidemic, major 
research efforts have been put in place to reduce the 
burden of HIV/AIDS on infected persons. This in-
cludes the discovery of antiretroviral therapy (ARV) 
and comprehensive health-care measures. ARV can-
not cure HIV/AIDS but studies indicate that ARV can 
suppress the replication of HIV-virus, slowing down 
the HIV disease progression [37]. Amongst compre-
hensive health-care measures, nutrition is the most im-
portant. The major nutritional problem faced by HIV/
AIDS patients in sub-Saharan Africa is malnutrition. 
The relation between malnutrition and HIV/AIDS 
has been well established and adequate nutrition has 
been recognized as part of comprehensive care for 
HIV-infected persons [18, 34, 36] (see Figure below). 
Micronutrient defi ciency-induced malnutrition is a 
result of changes in body metabolism and inadequate 
nutrient intake due to conditions such as mouth sores, 
swallowing problems, loss of appetite, diarrhea and 
vomiting, and malabsorption [9, 27]. This results in 
weight loss and micronutrient defi ciency, which in turn 
impairs the nutritional and immune status of HIV pa-
tients [6]. Of the micronutrients available, antioxidant 
micronutrients play a vital role in maintaining the in-
tegrity of immune cells. 

 The presence of the HIV virus in the body provokes 
the activation of phagocytic cells (macrophages and 
neutrophils), to destroy the microorganisms through 

the generation of reactive oxygen species (ROS). Com-
mon ROS are the hydroxyl radical hydrogen peroxide 
and the superoxide anion. ROS are known to play a 
critical role in the induction of oxidative stress and the 
degradation of immune cells [38]. Excess production 
of ROS can attack double bonds in polyunsaturated 
fatty acids, inducing lipid peroxidation that may result 
in more oxidative cellular stress. Oxidative stress is a 
condition when the balance between prooxidant and 
antioxidant is upset, and there is overproduction of 
ROS and resulting pathology [7]. Oxidative stress pro-
motes the replication of the virus by up-regulating the 
activation of NF-Kappa B (NF-κB), a transcriptional 
promoter of proteins that are involved in the infl amma-
tory and acute-phase response. NF-κB is bound to I-κB 
in the cytoplasm in its inactive form but tumor necrosis 
factor-α and ROS can cause the activation of NF-κB 
from I-κB. NF-κB then translocates to the nucleus and 
binds to the DNA, promoting transcription of HIV-1 
[50]. To prevent such damage, adequate amounts of 
neutralizing antioxidants micronutrients are required. 
Antioxidants are substances or nutrients present es-
pecially in fruits and vegetables [2]. They are known 
for their benefi cial effects on free radicals in biological 
systems, reducing oxidative stress on immune cells and 
reducing replication of HIV [17, 29]. Some common 
antioxidants include ascorbic acid, alpha-tocopherol, 
carotenoids, polyphenolic fl avonoids, selenium, and 
zinc, which can be obtained directly from the local diet 
[29]. Previous studies have shown positive effects of an-
tioxidant micronutrient supplement and/or antioxidant-
rich diet on standard biological markers such as CD4 
cells and viral load [19, 21, 28, 30, 37, 57, 67]. Meanwhile 
some studies have demonstrated the adverse effects 
of micronutrient supplementation on the immune sys-
tem. The supplementation of vitamin E, for example, 
has been shown to increase expression of CCR5 (the 
major cell entry co-receptor for T-cell line-tropic and 
macrophage-tropic strains of HIV-1, respectively) by 
preventing the production of natural ligands of CCR5 
[Regulated upon Activation, Normal T-cell Expressed, 
and Secreted (RANTES), macrophage infl ammatory 
protein-1 alpha [MIP-1a], and macrophage infl amma-
tory protein-1 beta [MIP-1b]), hence an increase infec-
tion of CD4 cells whence increase viral load [34, 47]. 

 However, due to economic constraints in most sub-
Saharan African countries, dietary supplements are 
beyond the reach of all but a privileged few. Thus the 
need to optimize the nutritional status of HIV patients 
through the available and cheap local diet arises [36]. 
This approach may be particularly profi table to HIV-
asymptomatic patients, who in sub-Saharan African 
are not yet eligible to free ARV. 

      Figure 1:  Effects of HIV on nutritional and immune status 
[42].   
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 This article reviews published literature on the ef-
fects of antioxidant micronutrient intake on CD4 and 
viral load in HIV-asymptomatic women. Intake of 
antioxidants (AO) through dietary supplements is 
compared to intake through local diet. Studies con-
ducted in sub-Sahara Africa are considered.

  Method 

 For the review, literature was available in Pubmed, 
and Medline. The following key words were entered 
for the search: micronutrient defi ciency, HIV/AIDS, 
sub-Sahara Africa, oxidative stress, antioxidant and 
fruits and vegetables, antioxidants, CD4, and viral 
load. 

 Inclusion criteria: Studies containing analysis of the 
effects of antioxidants either as dietary supplements 
or local diet, on CD4 and viral load in HIV-infected 
women in sub-Saharan Africa. Search was limited to 
HIV-asymptomatic patients and studies with sample 
size above 30, and studies performed between 1998 
and 2010. Exclusion criteria were: HIV studies on 
pregnant women and children. 

 Results 

 Effects of common antioxidants on 
biological markers (CD4 cells and viral load) 

 Vitamin A 

 Of all the vitamins known, the role of vitamin A 
has been studied most extensively. Vitamin A plays 
an important role in the modulation of normal im-
mune function through lymphopoiesis and cellular 
differentiation. Vitamin A defi ciency is a result of 
a low serum level of vitamin A due to reduced di-
etary intake following the HIV-related conditions 
already mentioned [6, 9, 27]. Vitamin A defi ciency 
can also be a result of increased urinary excretion 
due to acute infections [55]. Visser and co-workers 
also observed in resource-poor settings in South-
Africa, an association between advanced disease 
and/or weight loss and lowered blood concentra-
tions of vitamin A [67]. Vitamin A defi ciency can 
lead to pathological changes in the mucosal surfaces, 
impaired antibody responses, decreased CD4 cell 
population, and altered T- and B-cell functions [52, 
55]. Previous studies have shown that low vitamin 

A levels are also associated with increased risk of 
transmission of HIV from mother to child [10]. This 
fi nding is similar to that of Fawzi, who observed a 
low plasma vitamin A level and a decreased risk of 
mother-to-child transmission (MTCT) of HIV after 
supplementation with vitamin A [19, 20]. Later on, 
Fawzi and co-workers again attempted to explain the 
possible mechanisms for the observation, proposing 
that advanced HIV disease may suppress release of 
vitamin A from the liver, leading to low levels of vita-
min A in the plasma despite the body having enough 
vitamin A liver stores. Also, advanced HIV disease 
is likely to increase the risk of MTCT, and hence it 
would appear that low serum vitamin A levels are 
associated with increased MTCT [22]. 

 β-carotene 

 Carotenoids are amongst the most important dietary 
antioxidants found in the human plasma. Their con-
centrations in plasma are considered to be the most 
accurate indicator of dietary carotenoid intake. Many 
epidemiologic studies have associated high carotenoid 
intake with a decrease in the incidence of chronic 
disease. However, the biological mechanisms for such 
protection are currently unclear. Multiple possibilities 
exist: certain carotenoids can be converted to retinoids 
(i. e. have provitamin A activity), can modulate the 
enzymatic activities of lipoxygenases (proinfl amma-
tory and immunomodulatory molecules), and can have 
antioxidant properties. Beta-carotene amongst other 
carotenoids is known to have antioxidant properties, 
but the antioxidant activity of these compounds can 
shift into a prooxidant effect, depending on such fac-
tors as oxygen tension or carotenoid concentration. 
Mixtures of carotenoids alone or in association with 
other antioxidants can increase their activity against 
lipid peroxidation [75]. Contrary to expectations clini-
cal trials found no benefi t of supplementing Beta -
 carotene on CD4 counts [14, 42]. Meanwhile observa-
tional studies indicate its benefi cial effects on disease 
progression [8, 20]. Baeten and co-workers observed 
in a multivariate analysis that, beta-carotene concen-
trations below the median were associated with el-
evated C-reactive protein (CRP) [> 10 mg/L, adjusted 
odds ratio (aOR) 3.32, 95 % confi dence interval (CI) 
1.99 – 5.53, p < 0.001 and higher HIV-1 plasma viral 
load (for each log(10) copies/mL increase, OR 1.38, 
95 % CI 1.01 – 1.88, p = 0.04] [4]. Baeten suggests that 
low beta-carotene concentrations refl ect primarily 
more active HIV infection, rather than true defi ciency 
amenable to intervention [4]. 
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 Vitamin C 

 Vitamin C, also known as ascorbic acid, is synthesized 
in the liver of most mammalian species but not by 
humans. Vitamin C is therefore essential and must 
be ingested by humans for survival. 

 Like most antioxidants, a study by Allard and co-
workers indicate an increased utilization of vitamin C 
in HIV-infected persons compared to healthy controls 
[1]. Increased utilization coupled with low dietary in-
take of vitamin C can lead to vitamin defi ciency during 
the HIV infection [1]. Meanwhile, previous studies 
give evidence that massive doses of vitamin C can 
suppress the symptoms of HIV disease and mark-
edly reduce the occurrence of secondary infections 
[49]. Further, recent studies indicate that increased 
intakes of vitamin C during HIV infection can lead 
to a mild increase of CD4 counts, while helping to 
prevent oxidative damage and enhancing normal im-
mune function and survival [1, 59]. Meanwhile Fawzi 
and co-workers also observed that supplementation of 
vitamin C in combination with vitamin E may provide 
protection to red blood cells from being destroyed by 
free radicals that are features of oxidative stress in 
HIV infection [22]. 

 Vitamin E 

 Studies reveal low vitamin E levels in the plasma of 
HIV-infected persons [1, 6, 57, 58]. The low levels of 
vitamin E in HIV patients can be a result of increased 
utilization of vitamin E in quenching free radicals, 
thereby preventing peroxidation of polyunsaturated 
fatty acids [43]. Vitamin E defi ciency in HIV pa-
tients can also be due to poor dietary intake, poor 
absorption, diarrhea, and impairment of the recycling 
mechanism of vitamin E through vitamin C [57]. In 
prospective studies of HIV-1 infected people, higher 
vitamin E levels and higher intake have been associ-
ated with lower risk of progression to AIDS [46, 58, 
67]. Meanwhile in other studies, the supplementation 
of vitamin E infl uenced the production of RANTES, 
an important antiviral chemokine. In a small supple-
mentation study, 500 mg of alpha-tocopherol given 
once daily for 2 months reduced RANTES production 
and increased the expression of CCR5 on the surface 
of CD4+ T-cells of HIV-1 infected persons. Endog-
enous production of antiviral factors like RANTES 
may signifi cantly affect HIV-1 replication and the pace 
of disease progression [32, 34, 44]. 
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 Selenium 

 Selenium plays an important role in the selenoenzyme 
glutathione peroxidase that protects cells against free 
radical damage and oxidative stress. Evidence exists 
that the utilization of selenium increases in HIV pa-
tients, leading to low plasma selenium levels [6]. Low 
serum selenium levels exacerbate the oxidative stress 
induced by HIV, increasing the risk of mortality and 
the occurrence of AIDS-related opportunistic infec-
tions [5]. Previous studies showed an increase in lipid 
peroxidation (oxidative stress) in HIV-positive indi-
viduals with lower plasma concentrations of selenium. 
Further studies illustrated that supplementation with 
selenium in HIV-positive patients led to higher glu-
tathione peroxidase levels [12, 15]. These studies do 
not indicate an improvement in the concentration of 
CD4 cells. Meanwhile, Hurwitz and co-workers [31] 
observed a suppression of the viral load in HIV pa-
tients after supplementation with selenium. However, 
most studies on selenium are small and observational 
study design, making confounding a possible explana-
tion for contradictory results. 

 Zinc defi ciency 

 Human zinc defi ciency is thought to be prevalent 
worldwide, particularly in populations with diets poor 
in zinc and animal proteins, and rich in inhibitors of 
zinc absorption such as phytic acid. Studies indicate 
an association between zinc defi ciency and impaired 
immune function, increasing infection risk [32]. Zinc 
is involved in the growth, development, and function 
of neutrophils, macrophages, natural killer cells, and T 
and B lymphocytes. Studies also show that zinc supple-
mentation can reduce the rate of diarrheal diseases, 
reduce acute lower respiratory tract infections as well 
as increase levels of CD4 cells [43, 71]. However the re-
ported relationships of zinc and HIV-related outcomes 
have not been consistent across studies. Meanwhile 
Abrams and co-workers [73], in a related study, also 
indicated a positive relationship between CD4 counts 
and dietary intake of zinc. However, in that study, 
no relation between dietary intake of zinc and HIV 
disease progression was evident. According to Fawzi 
and co-workers [28], confounding can be a possible 
explanation for these results. 

 Polyphenols 

 Polyphenols including fl avonoids are a class of second-
ary plant substances that are widespread in plants. 
These include food grains such as sorghum, millet, 
barley, and dry beans, peas, and other legumes; fruits 
such as apples, blackberries, cranberries, grapes, or-
anges, pears, plums, raspberries, and strawberries; and 
vegetables such as cabbage, celery, onion, and parsley 
also contain a large quantity of polyphenols. Phenolic 
compounds are also present in tea and wine. They are 
known to exert a strong antioxidant effect  in vitro  [11, 
25, 29, 45, 70]. Thus, by counteracting oxidative stress, 
they can boost immune function in HIV-infected per-
sons [27]. Some studies however show no effect of 
polyphenols on CD4 and viral load after supplementa-
tion with fruit juices, although plasma antioxidant ca-
pacity is increased [2, 74]. This observation is contrary 
to fi ndings from Müller and co-workers [39], where 
antioxidant treatment increased intracellular glutathi-
one in T-cells (an indication of reduced intracellular 
oxidative stress) and increased proliferation of CD4 
cell count. In the same study, a decrease in viral load 
was observed but only in the sub-groups with advanced 
immunodefi ciency [29]. However, although some stud-
ies have shown that supplementation of polyphenol 
affects lymphocyte proliferation and apoptosis, it will 
be profi table to perform further research in this area, 
considering larger sample sizes and studies of longer 
duration. Also a variety of polyphenols should be 
considered for the calculation of polyphenol intake. 

 Discussion 

 One of the major comprehensive care concerns is the 
control of HIV-related malnutrition. Malnutrition and 
infection are both separate contributors to morbid-
ity and mortality in HIV/AIDS [22]. The effects are 
most important in resource-limited settings, where the 
synergistic interaction between micronutrient malnu-
trition and infection is very common [24, 26] 

 Micronutrients, including antioxidants, constitute 
a major challenge in maintaining both a healthy nu-
tritional and immune status in HIV-infected persons. 
Excessive immune activation due to HIV infection has 
a prooxidant effect, increasing oxidative stress, known 
in  in vitro  studies to increase HIV replication [31, 50] 
and antioxidant demand [43]. Antioxidant demand 
increases due to reduced dietary intake. 

 The present article reviews data illustrating the ef-
fects of antioxidant micronutrients on biological mark-
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ers (CD4 and viral load) provided to HIV-positive 
asymptomatic women in sub-Sahara Africa. Antioxi-
dant intakes through supplements and/or local diet 
are compared. There is no doubt that dietary supple-
ments have their place in clinical management, but 
their overall effi cacy, because of costs and the ability 
of poor communities to sustain supplementation pro-
grams, remains highly questionable. Although our 
search did not provide a good number of studies on the 
use of antioxidant-rich local diets, and their effect on 
CD4 and viral load, there are advantages in utilizing 
commonly accessible, affordable, and identifi able food 
sources that are familiar and culturally appropriate to 
poor communities and vulnerable groups [29]. Local 
diet, in spite of being readily available, is equally a rich 
source of essential nutrients such as antioxidants that 
can be profi table for HIV patients. Orange-fl eshed 
sweet potatoes (OFSP), palm oil, and a multitude of 
fresh fruits just to name a few, are naturally rich in_β-
carotene, and are an excellent food source of provi-
tamin A, and vitamin E. These varieties can make a 
signifi cant contribution to a viable, long-term, effec-
tive, and sustainable food-based approach to prevent 
vitamin A defi ciency in developing countries [16, 29, 
46, 54]. 

 There is also evidence that nutrients from the local 
diet are better absorbed than synthetic supplements 
and provide a bright spectrum of other micronutrients 
(B-group vitamins, iron, magnesium, calcium, cop-
per, etc.) and macronutrients (carbohydrates, protein, 
and fats), all important for maintaining the metabolic 
processes in the body and preventing weight loss [18, 
36, 48, 53, 60]. 

 Meanwhile Kuria in a cross-sectional survey discov-
ered that most people living with HIV/AIDS consume 
food that is low in nutrients and without the variety 
necessary to build up the immune system and main-
tain adequate weight [34]. This indicates the need to 
combine local diet with adequate nutritional education 
of HIV-infected persons [48, 60, 62, 68]. Meanwhile, 
nutritional education can be profi table in limiting food 
contamination that can occur during preparation of 
local diet. It is therefore important during the imple-
mentation of interventions with local diet to educate 
participants on good hygiene practices, in order to 
avoid further infections in an already compromised 
immune system. 

 There is one important strength of this review. The 
study design of studies included in this review compris-
es both observational designs as well as randomized 
clinical trials, making it possible to compare results 
from both designs. 

 Limitations and recommendations 

 There are several limitations to this review. There are 
currently more data available for nutritional interven-
tions conducted with dietary supplements compared to 
those conducted with local diet alone, thus a possible 
cause for publication bias. This problem may be linked 
to ethical considerations in conducting clinical trials 
with different diets in infected subjects. We are aware 
that setting criteria for the selection of literature could 
greatly limit this review. 

 In addition, results of fi ndings were not always 
consistent between observational studies and clinical 
trials. Thus, larger and long-lasting clinical trials are 
needed to examine the effi cacy of these micronutrients 
on clinical outcomes, both in dietary supplements and 
in local diets, to ascertain their potential benefi ts in 
HIV patients. 

 References 
     1.   Allard, J.P., Aghdassi, E., Chau, J.  et al.  (1998) Ef-

fects of vitamin E and C supplementation on oxida-
tive stress and viral load in HIV infected subjects. 
AIDS 12, 1653 – 9. 

    2.   Arendt, B.M., Boetzer, A.M., Lemoch, H., Winkler, 
P., Rockstroh, J.K., Berthold, H.K., Spengler, U. and 
Goerlich, R. (2001) Plasma antioxidant capacity of 
HIV-seropositive and healthy subjects during long-
term ingestion of fruit juice or a fruit-vegetable con-
centrate containing antioxidant polyphenols. Eur. J. 
Clin. Nutr. 55, 786 – 792. 

    3.   Baeten, J.M., McClelland, R.S., Richardson, B.A. 
 et al.  (2002) Vitamin A defi ciency and acute phase re-
sponse among HIV-1 infected and uninfected women 
in Kenya. J. Acquir. Immune Defi c. Syndr .  31, 234 – 9. 

    4.   Baeten, J.M., McClelland, R.S., Richardson, B.A.  et 
al.  (2007) Relationship between markers of HIV-1 di-
sease progression and serum β-carotene concentrati-
ons in Kenyan women. International Journal of STD 
& AIDS 18, 202 – 206. 

    5.   Baum, M.K., Shor-Posner, G., Lai, S.  et al.  (1997) 
High risk of HIV mortality is associated with seleni-
um defi ciency. J. Aquir. Immune Defi c. Syndr. Hum. 
Retrovir. 15, 370 – 4. 

    6.   Baum, M.K., Shor-Posner, G., Zhang, G., Lai, H., 
Quesada, J.A., Campa, A., Jose-Burbano, M., Flet-
cher, M.A., Sauberlich, H. and Page, J.B. (1997) HIV-
1 infection in women is associated with severe nutri-
tional defi ciencies. J. Acquir. Immune Defi c. Syndr. 
Hum. Retrovir., 16, 272 – 278. 



70 G.N. Nkengfack, J.N. Torimiro, and H. Englert: Antioxidants and Viral Load in HIV Infection

Int. J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern

    7.   Baruchel, S. and Wainberg, M.A. (1992) The role of 
oxidative stress in disease progression in individuals 
infected by the human immunodefi ciency virus. Jour-
nal of Leukocyte Biology 52, 111 – 114. 

    8.   Burbano, X., Miguez Burbano, M., McCollister, K. 
 et al.  (2002) Impact of a selenium chemoprevention 
clinical trial on hospital admissions of HIV infected 
participants. HIV Clin. Trials 3, 483 – 491. 

    9.   Byron, E., Gillespie, S. and Hamazakaza, P. (2006). 
Local perceptions of HIV risk and prevention in 
Southern Zambia. International Food Policy Re-
search Institute (2 Suppl), S 339 – 44. 

    10.   Castetbon, K., Kadio, A., Bondurand, A., Yao, A.B., 
Barouan, C., Coulibaly, Y., Anglaret, X., Msellati, 
P., Malvy, D. and Dabis, F. (1997) Nutritional sta-
tus and dietary intakes in human immunodefi ciency 
virus (HIV)-infected outpatients in Abidjan, Co  te 
D’Ivoire, 1995. European Journal of Clinical Nutriti-
on 51, 81 – 86. 

    11.   Castilla, P., Echarri, R., Davalos, A., Cerato, F., Ore-
ga, H., Teruel, J.L., Lucas, M.F., Gomez Coronado, 
D., Ortuno, J. and Lasuncion, M.A. (2006) Concen-
trated red grape juice exerts antioxidant, hypolipi-
demic, and anti-infl ammatory effects in both hemo-
dialysis patients and healthy subjects. Am. J. Clin. 
Nutr. 84, 252 – 62. 

    12.   Cirelli, A., Ciardi, M., de Simone, C.  et al.  (1991) Se-
rum selenium concentration and disease progression 
in patients with HIV infection. Clin. Biochem. 24, 
211 – 214. 

    13.   Coodley, G.O., Coodley, M.K., Nelson, H.D. and 
Loveless, M.O. (1993) Micronutrient concentrations 
in the HIV wasting syndrome. AIDS 7, 1595 – 600. 

    14.   Coodley, G.O., Coodley, M.K., Lusk, R. et al. (1996) 
Beta-carotene in HIV infection: an extended evalua-
tion.  AIDS  10, 967 – 73. 

    15.   Delmax-Beauieux, M.C., Peuchant, E., Couchouron, 
A.  et al.  (1996) The enzymatic antioxidant system in 
blood and glutathione status in human immunodefi -
ciency syndrome (HIV)-infected patients. Effects of 
supplementation with selenium or beta-carotene.  Am 
J Clin Nutr;  64: 101 – 107. 

    16.   De Pee, S., West, C.E., Permaesih, D., Martuti, S., 
Muhilal, init? Hautvast, J.G.A.J. (1998) Orange fruit 
is more effective than are dark-green, leafy vegeta-
bles in increasing serum concentrations of retinol 
and_β-carotene in schoolchildren in Indonesia. Am. 
J. Clin. Nutr. 68, 1058 – 67. 

    17.   Duh, E.J., Maury, W.J., Folks, T.M., Fauci, A.S. and 
Rabson, A.B. (1989) Tumor necrosis factor alpha ac-
tivates human immunodefi ciency virus type 1 through 
induction of nuclear factor binding to the NF-kB sites 

in the long terminal repeat. Proceedings of the Natio-
nal Academy of Sciences, USA 86, 5974 – 5978. 

    18.   Enwonwu, C.O. and Warren, R. (2001). Nutrition 
and HIV infection/AIDS in sub-Sahara Africa. In: 
Nutrition and AIDS III. (Watson, R. ed.) pp. 175 – 92, 
CRC Press, Florida. 

    19.   Evans, P. and Halliwel, B. (2001) Micronutrients: 
oxidant/antioxidant status. Br. J. Nutr. 85 (suppl 2), 
S 6774. 

    20.   Fawzi, W.W. and Hunter, D.J. (1998) Vitamins in 
HIV disease progression and vertical transmission. 
Epidemiology 9, 457 – 66. 

    21.   Fawzi, W. (2003) Micronutrients and human immu-
nodefi ciency virus type 1 disease progression among 
adults and children. Clin. Infect. Dis. 37 Suppl 2, 
S 112 – 6. 

    22.   Fawzi, W.W. et al (2004) A randomized trial of mul-
tivitamin supplements and HIV disease progression 
and mortality, Journal, vol, ed, pp? 

    23.   Fawzi, W.W., Gernard, I., Msamanga, init? Kupka, 
R., Spiegelman, D., Villamor, E., Mugusi, F., Wei, R. 
and Hunter, D. (2007) Multivitamin supplementation 
improves hematologic status in HIV-infected women 
and their children in Tanzania. Am. J. Clin. Nutr .  85, 
1335 – 43. 

    24.    Gentilini, M . and  Chieze, F . (1990) Socioeconomic 
aspects of human immunodefi ciency virus (HIV) 
infection in developing countries. Bull. Acad. Natl. 
Med. 174 (8), 1209 – 19; discussion 1219 – 21. 

    25.   Gil, L., Lewis, L., Martinez, G., Tarinas, A., Gonza-
lez, I., Alvarez, A., Tapanes, R., Guiliani, A., Leon, 
O.S. and Perez, J. (2005) Effect of dietary micronutri-
ent intake on oxidative stress indicators in HIV/AIDS 
patients. Int. J. Vitam. Nutr. Res. 75 (1), 19 – 27. 

    26.    Gonçalves, L .,  Dafre, A.L .,  Carobrez, S.G . and  Gas-
parotto, O.C . (2008) A temporal analysis of the rela-
tionships between social stress, humoral immune re-
sponse and glutathione-related antioxidant defences. 
 Behav. Brain Res.  192 (2), 226 – 31. 

    27.   Greenspan, H.C. and Aruoma, O.I. (1994b) Oxida-
tive stress and apoptosis in HIV infection: a role for 
plants derived metabolites with synergetic antioxi-
dant activity. Immunol. Today 15, 209 – 213. 

    28.   Highleyman, L. (2006) Nutrition and HIV. BETA 18 
(2), 18 – 32. 

    29.   Holt, E.M., Stephen, L.M., Moran, A., Basu, S., Stein-
berger, L. Ross, J.A., Hong, C.P. and Sinaiko, A.R. 
(2009) Fruit and vegetable consumption and its rela-
tion to markers of infl ammation and oxidative stress 
in adolescents. J. Am. Diet. Assoc. 109 (3), 414 – 421. 



71G.N. Nkengfack, J.N. Torimiro, and H. Englert: Antioxidants and Viral Load in HIV Infection

Int. J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern

    30.   Hubert, J.T.,  Schoonover, W.K . and  Kashka, M . 
(2000) HIV/AIDS and nutrition: a bibliometric ana-
lysis.  Med. Ref. Serv. Q.  19 (4), 29 – 37. 

    31.    Hurwitz, B.E .,  Klaus, J.R .,  Llabre, M.M .,  Gonza-
lez, A .,  Lawrence, P.J .,  Maher, K.J .,  Greeson, J.M ., 
 Baum, M.K .,  Shor-Posner, G .,  Skyler, J.S . and 
 Schneiderman, N . (2007) Suppression of human im-
munodefi ciency virus type 1 viral load with seleni-
um supplementation: a randomized controlled trial. 
 Arch. Intern. Med.  22, 167 (2), 148 – 54. 

    32.   Isa, L., Lucchini, A., Lodi, S. and Giachetti, M. (1992) 
Blood zinc status and zinc treatment in human immu-
nodefi ciency virus-infected patients. Int. J. Clin. Lab. 
Res. 22, 45 – 47. 

    33.    Kassu, A .,  Andualem, B .,  Van Nhien, N .,  Nakamori, 
M .,  Nishikawa, T .,  Yamamoto, S . and  Ota, F . (2007) 
Vitamin A defi ciency in patients with diarrhea and 
HIV infection in Ethiopia.  Asia Pac. J. Clin. Nutr.  16 
Suppl 1, 323 – 8. 

    34.   Kuria, E.N. (2009) Food consumption and nutritional 
status of people living with HIV/AIDS (PLWHA): a 
case of Thika and Bungoma Districts, Kenya. Public 
Health Nutrition 13 (4), 475 – 479. 

    35.   Platt, E., Wehrly, K., Kuhmann, S.E., Chesebro, B. 
and Kabat, D. (1998) Effects of CCR5 and CD4 Cell 
Surface Concentrations on Infections by Macropha-
getropic Isolates of Human Immunodefi ciency Virus 
Type 1. Journal of Virology vol, ed? 2855 – 2864. 

    36.    Lunney, K.M .,  Jenkins, A.L .,  Tavengwa, N.V .,  Majo, 
F .,  Chidhanguro, D .,  Iliff, P .,  Strickland, G.T .,  Piwoz, 
E .,  Iannotti, L . and  Humphrey, J.H . (2008) HIV-
positive poor women may stop breast-feeding early 
to protect their infants from HIV infection although 
available replacement diets are grossly inadequate.    J. 
Nutr. 138 (2), 351 – 7. 

    37.    Marston, B . and  De Cock, K.M . (2004) Multivit-
amins, nutrition, and antiretroviral therapy for HIV 
disease in Africa.  N. Engl. J. Med.  351 (1), 78 – 80. 

    38.   Meydani, S.N. and Benarko, A.A. (1998) Recent de-
velopments in Vitamin E and the immune response. 
Nutrition Reviews 56, Suppl. 2, 49 – 58. 

    39.   Müller, F., Svardal, A.M., Nerday, I., Berge, R.K., 
Aukrust, P. and Freland, S.S. (2000) Virological and 
immunological effects of antioxidants treatment in 
patients with HIV infection. Eur. J. Clin. Invest. 30, 
905 – 914. 

    40.   Nielsen, F.H. (1994) Chromium. In: Modern Nutriti-
on in Health and Disease. 8th ed., pp. 264 – 268 (Shils, 
M.E., Olson, J.A. and Shike, M., eds.). Lea & Febi-
ger, Philadelphia, PA. 

    41.   Ngondi, J.L., Oben, J., Musoro, D.F., Etame, H.L. 
and Mbaya, D. (2006) The effects of different combi-

nation therapies on oxidative stress markers in HIV 
infected Patients in Cameroon.  AIDS Res. Ther.  doi: 
10.1186/1742-6405-3-19. 

    42.   Nimmagadda, A.P., Burri, B.J., Neidlinger, T., 
O’Brien, W.A. and Goetz, M.B. (1998) Effect of 
 β- carotene supplementation on plasma human immu-
nodefi ciency virus (HIV) RNA levels and CD4+ cell 
counts in HIV-infected patients. Clin. Infect. Dis. 27, 
1311 – 13. 

    43.   Olaniyi, J.A. and Arinola, O.G. (2007) Essential 
Trace Elements and Antioxidant Status in Relation 
to Severity of HIV in Nigerian Patients. Med. Princ. 
Pract.16, 420 – 425. 

    44.   Paton, N.I., Sangeetha, S., Earnest, A. and Bellamy, 
R. (2006) The impact of malnutrition on survival and 
the CD4 count response in HIV-infected patients 
starting anti-retrovirals.  HIV Medicine   7 (5  ) 323 – 330.  

    45.   Pietta, P.-G. (2000) Flavonoïdes as antioxidants. J. 
Nat. Prod. 63, 1035 – 1042. 

    46.   van Jaarsveld, P.J., Faber, M. Tanumihardjo, S.A. 
Nestel, P., Lombard, C.J. and Spinnler Benadé, A.J. 
(2009) β-Carotene–rich orange-fl eshed sweet pota-
to improves the vitamin A status of primary school 
children assessed with the modifi ed-relative-dose-
response test. The AJCN, 1080 – 1087. 

    47.   Portales, P., Guerrier, T., Clot, J., Corbeau. P., Mett-
ling, C., Lin, Y.L., Baillat, V., de Boever, C.M., Le 
Moing, V., Tramoni, C., Reynes, J. and Segondy, M. 
(2004) Vitamin E supplementation increases the ex-
pression of the CCR5 coreceptor in HIV-1 infected 
subjects.  Clin. Nutr  .     23 , 1244 – 1245. 

    48.   Quinn, T.C. (1996) Global burden of the HIV pande-
mic. Lancet 348, 99 – 106. 

    49.   Robert, F. and Cathcart III, M.D. (1984) Vitamin C in 
the treatment of Aquired IMMUNE Defi ciency Syn-
drome (AIDS). Medical Hypotheses 14 (4), 423 – 433. 

    50.   Schreck, R., Rieber, P. and Baeuerle, P.A. (1991) 
Reactive oxygen intermediates as apparently wide-
ly used messengers in the activation of NF-Kappa B 
transcription factor and HIV-1. EMBO J 10, 2247 – 58. 

    51.   Semba, R.D. (1998) The role of vitamin A and rela-
ted retinoids in immune functions. Nutrition Reviews 
56, Suppl. 2, S38 – S48. 

    52.   Semba, R.D. and Tang, A.M. (1999). Micronutrients 
and the pathogenesis of human immunodefi ciency vi-
rus infection. British Journal of Nutrition 81, 181 – 189 

    53.   South African Government Department of Health. 
South African National Guidelines on Nutrition for 
People living with TB, HIV/AIDS and Other Chro-
nic Debilitating Conditions. Pretoria: Department of 
Health, South Africa, 1 – 28. 



72 G.N. Nkengfack, J.N. Torimiro, and H. Englert: Antioxidants and Viral Load in HIV Infection

Int. J. Vitam. Nutr. Res. 82 (1) © 2012 Hans Huber Publishers, Hogrefe AG, Bern

    54.   Spinnler Benadé, A.J. (2003) A place for palm fruit 
oil to eliminate vitamin A defi ciency. Asia Pacifi c J. 
Clin. Nutr. 12 (3), 369 – 372. 

    55.   Stephensen, C.B., Alvarez, J.O., Kohatsu, J,. Hord-
meier, R., Kenedy, J.I. and Gammon, R.B. (1994) 
Vitamin A is excreted in urine during acute infection. 
Am. J. Clin. Nutr. 60, 388 – 392. 

    56.   Stephensen, C.B. (2001) Vitamin A, infection, and 
immune function. Annu. Rev. Nutr. 1, (21) 167 – 9. 

    57.   Stephensen, C.B., Grace, S.M., Robert, A.J., Laurie, 
A.K., Steven, D.D. and Craig, M.W. (2006) Vitamin 
C and E in adolescents and young adults with HIV-
infection. Am. J. Clin. Nutr. 83, 870 – 9. 

    58.   Graham, S.M., Baete, J.M., Richardson, B.A., Bank-
son, D.D., Lavreys, L. Ndinya-Achola, J.O., Manda-
liya, K., Overbaugh, J. and McClelland, R.S. (2007) 
Higher pre-infection vitamin E levels are associated 
with higher mortality in HIV-1-infected Kenyan wo-
men: a prospective study. BMC Infectious Diseases 7, 
63. 

    59.   Suttajit, M. (2007) Advances in nutrition support for 
quality of life in HIV+/AIDS.  Asia Pac. J. Clin. Nutr.  
Suppl 1, 318 – 22. 

    60.    Tabi, M . and  Vogel, R.L . (2006) Nutritional coun-
selling: an intervention for HIV-positive patients.  J. 
Adv. Nurs.  54 (6), 676 – 82. 

    61.   Tang, A.M., Graham, N.M.H., Kirby, A.J., McCall, 
D.L., Willett, W.C. and Saah, A.J. (1993) Dietary mi-
cronutrient intake and risk of progression to AIDS in 
HIV–1–infected homosexual men. Am. J. Epidemi-
ol. 138, 937 – 51. 

    62.   Thommessen, M. and Rundbergert, J. (1993) Nu-
tritional counselling to patients with HIV infection. 
Can nutritional intervention prevent, expose or relie-
ve symptoms in HIV-positive persons?   Tidsskr Nor. 
Laegefore.   30,113 (3), 324 – 6. 

    63.   Thorsen, V.C., Sundby, J. and Martinson, init? (2008) 
Potential initiators of HIV-related Stigmatisation: 
Ethical and Programmatic Challenges for PMTCT 
Programs. (1) 43 – 50. 

    64.   Trepanier, L.A., Yoder, A.R., Bajad, S., Beckwith, 
M.D., Bellehumeur, J.L. and Graziano, F.M. (2004) 
Plasma ascorbate defi ciency is associated with impai-
red reduction of sulfamethoxazole-nitroso in HIV in-
fection. JAIDS 36 (5), 1041 – 1050. 

    65.   UNAIDS (2007) AIDS epidemic update. Geneva. 

    66.   Vinson, J., Bose, P., Lemoine, L. and Hsiao, K.H. 
(1989) Bioavailability studies. In: Nutrient: Availa-
bility: Chemical and biological aspects. ( Southga-
te, D.A.T., Johnson, I.T. and Fenwick, G.R. eds.). 
pp. 125 – 127, Royal Society of Chemistry, Cambridge. 

    67.    Visser, M.E .,  Maartens, G .,  Kossew, G . and  Hussey, 
G.D . (2003) Plasma vitamin A and zinc levels in HIV-
infected adults in Cape Town, South Africa. Br. J. 
Nutr. 89 (4), 475 – 82. 

    68.   Wiig, K. and Smith, C. (2007) An exploratory investi-
gation of dietary intake and weight in human immu-
nodefi ciency virus-seropositive individuals in Accra, 
Ghana. J. Am. Diet. Assoc .  107 (6), 1008 – 13. 

    69.   World Health Organisation (2007) Nutrient require-
ments for people living with HIV/AIDS. Report of 
a technical consultation. World Health Organisation, 
Geneva. 

    70.   Zern, T.L., Wood, R.J., Greene, C., West, K.L., Liu, 
Y., Aggarwal, D., Schachter, N.S. and Fernandez, 
M.L. (2005) Grape polyphenols exert a cardiopro-
tective effect in pre- and post-menopausal women by 
lowering plasma lipids and reducing oxidative stress. 
J. Nutr. 135, 1911 – 7. 

    71.   Zinc Investigators’ Collaborative Group (1999) Pre-
vention of diarrhoea and pneumonia by zinc sup-
plementation in children from developing countries: 
Pooled analysis of randomised controlled trials. Jour-
nal of Pediatrics  135,  689 – 697. 

    72.   Zotor, F.B. and Amuna, P. (2008) The food multimix 
concept: a new innovation approach to meeting nu-
tritional challenges in sub-Sahara Africa. Proceedings 
of the Nutrition Society 67, 98 – 104. 

    73.   Abrams, B., Duncan, D.  et al.  A prospective study of 
dietary intake and acquired immune defi ciency syn-
drome in HIV-seropositive homosexual men. (1993) 
Journal of Acquired Immune Defi ciency Syndromes 
6 (8), 949 – 958. 

    74.   Winkler, P., Ellinger, S., Boetzer, A.M.,  et al.  (2004) 
Lymphocyte proliferation and apoptosis in HIV-
seropositive and healthy subjects during long-term in-
gestion of fruit juices or a fruit-vegetable-concentrate 
rich in polyphenols and antioxidant vitamins. Eur. J. 
Clin. Nutr. 58, 317 – 325. 

    75.   Woodall, A.A., Britton, G. and Jackson, M.J. (1997) 
Carotenoids and protection of phospholipids in so-
lution or in liposomes against oxidation by peroxyl 
radicals: Relationship between carotenoid structure 
and protective ability. Biochim. Biophys. Acta 1336, 
575 – 586. 

      Germaine Nkengfack, M.sc. 

 C/o Prof. Dr. oec. troph. Heike Englert, MPH 
 Corrensstrasse 25 
 DE-48149 Münster 
 Germany 
 mbonguegermaine@yahoo.com 


