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1. Introduction
Acquired immune deficiency syndrome (AIDS) has become a global health pandemic and
the most common cause of death among young adults aged 20-24 years (Patton et al., 2009).
According to the UN/AIDS Global Report published in November 2010 (UNAIDS 2010),
about 1.8 million persons died from AIDS-related causes in the year 2009 alone. At the end
of that year, the epidemic had left behind totally 16.6 million orphans, defined as those
under 18 who had lost one or both parents to AIDS. Since the beginning of the epidemic,
nearly 30 million people have died from AIDS-related causes.
At the end of 2009, an estimated 30.8 million adults and 2.8 million children were living
with HIV, the human immunodeficiency virus linked to AIDS; with women accounting for
just over one-half of all adults living with HIV worldwide. During the same year, about 2.6
million persons became newly infected with HIV, including 370,000 children. Of all people
living with HIV, about 68% reside in Sub-Saharan Africa (UNAIDS 2010).
Despite these gruesome statistics, there is no cure in sight. Current treatment is based on the
use of antiretroviral (ARV) drugs targeted against HIV at various steps in viral replication
(Sleaseman and Goodenow 2003). Although ARV drugs can reduce viral load in the
bloodstream, they neither cure HIV infection nor restore the immune system to combat
AIDS (Roederer 1998, Pakker et al., 1998). Virus is known to persist indefinitely in reservoirs
of latently-infected cells and emergence of drug-resistant strains is common. Furthermore,
the effectiveness of ARVs in having any clinical benefits at all depends upon a number of
factors, particularly the CD4 count and the nutritional status of patients at the point at
which ARV treatment is commenced (Hong et al., 2001, Paton et al., 2006). Additionally,
drugs are higly toxic and are often associated with adverse side effects to various organs of
the body, including the bone marrow and liver, (Fischl et al., 1987, Richman et al., 1987,
Costello et al., 1988, Abrescia et al., 2008), cellular mitochondria (Carr et al., 2001), and with
lipodystrophy and dyslipidemia (Carr et al., 1998).
Consequently, there is need for safe and effective, nontoxic therapy that can not only restore
the immune system and keep virus multiplication/spread in check but also block AIDS
progression without harming cells of the host. This review will focus on the relationship of
nutrition to infection and immunity and evidence from experimental and clinical studies on
the potential value of micronutrients and their combinations in controlling HIV infection
and reducing symptoms associated with AIDS.
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2. Nutritional deficiencies in HIV and AIDS
The relationship between nutrition, infection and immunity is well established since the
early 1940’s (Scrimshaw 2003, Webb and Villamor 2007). It is for instance well recognized
that nutritional deficiency can lower immunity and predispose individuals to microbial
infection. Conversely, nutritional supplementation can improve immune function and
prevent/confer resistance to infection.
As the latent period between HIV infection and AIDS manifestation has been estimated at 810 years (Morgan et al 2002), nutritional cofactors, besides HIV, have been implicated in
AIDS development (Beach et al., 1992, Baum et al., 1995, Jariwalla et al., 2008a, 2009).
Furthermore, nutrient supplementation in asymptomatic HIV-infected individuals was
shown to delay the onset of AIDS (Abrams et al., 1993, Tang et al., 1993), supporting
involvement of nutritional status as a contributory factor in AIDS development.
It is universally known since the emergence of the AIDS epidemic in the early 1980’s that
nutritional deficiencies are prevalent in persons with HIV infection and AIDS (Gray 1984,
Beach et al., 1992, Jariwalla 1995; see also Table 1). These deficits include: (i) specific
micronutrient abnormalities such as reduced blood levels of the common ACE vitamins,
minerals, trace elements including selenium, amino acids such as cysteine, and the tri-peptide
glutathione, which displays a global systemic deficiency; (ii) macronutrient abnormalities such
as protein calorie malnutrition, which has been linked to a wasting disease, characteristic of
AIDS. Malnutrition has also been linked to the spread of AIDS and TB in developing countries
and with reduced survival (Paton et al., 2006, Turchenko et al., 2008)
MICRONUTRIENT ABNORMALITIES

Vitamins

Trace Elements

Vitamin A
Vitamin B12
Vitamin B6
Vitamin C

Selenium
Zinc

Vitamin E

Cysteine

Amino Acids

Peptides
Glutathione
MACRONUTRIENT DEFECITS
Protein Calorie Malnutrition
Abnormal Lipids (Dyslipidemia)
Table 1. Commonly occurring nutritional deficiencies in HIV infection and AIDS

3. Impact of nutritional deficiencies
Micronutrient deficiencies in particular vitamin and mineral deficiencies can promote and
strengthen microbial growth by weakening the immune system of the host, making it prone
to acquiring new infections (Scrimshaw 2003, Webb and Villamor 2007; see Fig 1).
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Fig. 1. Impact of micronutrient deficiencies on infectious diseases

4. Essential role of micronutrients in cell physiology and immunity
Micronutrients are essential for sustaining all cellular functions including metabolic
reactions in the cytosol and biochemical functions within cellular organelles (Fig 2).
Vitamins and minerals are needed in smaller amounts than proteins, fats and sugars but
without them, cells cannot convert food into biological energy and build different body
structures.

Fig. 2. Micronutrients are essential for sustaining all cellular functions
Micronutrients are also critical for optimum functioning of the immune system including
cell-mediated immunity, antibody production (humoral immunity) and optimum thymus
function (Fig. 3).
The pathological basis of AIDS is a dysfunctional immune system clinically indicated by
abnormally low levels of white blood cells. Micronutrients are essential for blood formation,
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including white blood cells. Of particular importance are: vitamin B-3, vitamin B-5, vitamin
B-6, vitamin B-12, vitamin C, folic acid and iron. Any textbook of biology or biochemistry
documents these scientific facts. Moreover, no less than nine Nobel Prizes in Medicine have
been awarded to date on the discovery of the health benefits of vitamins, relevant to their
role in cellular physiology and impact on the immune system (Nobel Prize Committee
website, Nobelprize.org).

Fig. 3. Nutrients are critical for optimum immune defense of a host

5. Role of micronutrients in suppression of virus infection
Additionally, experimental studies have shown that specific micronutrients can suppress
virus infection at various steps in the viral life cycle that include blocking (a) virus entry, (b)
virus multiplication, (c) virus activation in latently infected cells and (d) virus spread (Fig 4).
Prevent viral entry into cells (Vitamin C, EGCG)
Stop viral multiplication (Vitamin C, N-Acetylcysteine)
Prevent activation of “silent” viruses (Vitamin C)
Limit spread of infections (Lysine, Vitamin C)
In the case of HIV, micronutrients have been shown to block virus expression at all stages of
virus-host interactions, which include acute infection, chronic expression and activation
from latently infected cells (Fig 5). The specific micronutrients demonstrated to affect
different phases of virus infection are listed in Table 2. Most of them are reducing agents
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with antioxidant properties. They include: vitamins C and E, amino acid thiols such as
cysteine or its derivative N-acetyl cysteine (NAC), disulfides such as alpha-lipoic acid,
tripeptides such as glutathione and its derivative glutathione monoester, polyphenols such
as epigallo-catecheine gallate (EGCG from green tea) and the trace element selenium.
Among them, ascorbic acid (vitamin C or ascorbate) is the most versatile, capable of
blocking HIV replication in all phases of HIV infection namely, acute, chronic and latent
infection (Harakeh et al., 1990; Harakeh and Jariwalla, 1991, 1995). Cysteine and glutathione
monoester inhibit chronic HIV expression (Mihm et al., 1991; Kalebic et al., 1991) whereas
NAC and selenium are effective in inhibiting HIV activation in latently-infected cells
(Roederer et al., 1990, Harakeh and Jariwalla 1991; Sappey et al., 1994). It has been reported
that alpha-lipoic acid can block acute infection (Bauer et al., 1991) and flavonoids including
the polyphenol EGCG inhibit HIV at an early stage, blocking interaction of the virus with

Fig. 4. Nutrients can directly suppress viral infections
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host-cells receptor (Mahmood et al., 1993, Fassina et al., 2002). More recently, green tea
extract enriched in such polyphenols (80% by weight) was shown to suppress HIV
production in chronically and latently infected cells (Jariwalla et al., 2010).

Fig. 5. Micronutrients can target different stages in HIV-host cell interaction
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Nutrient
Vitamin E

Inhibitory Effect Targeted at
Latent infection
Acute, chronic and latent
infection

Reference
Suzuki et al 1993
Harakeh and Jariwalla (1991,
1995)

Cysteine, alpha-lipoic
acid

Chronic and acute infection

Mihm et al 1991, Baur et al 1991

NAC, Selenium

Chronic and latent infection

Roederer et al 1990, Harakeh &
Jariwalla 1991, Sappey et al
1994.

Chronic infection

Kalebic et al 1991

Acute infection

Mahmood et al 1993, Fassina et
al 2002, Jariwalla et al 2010

Synergistic HIV suppression in
chronic and latent infection

Jariwalla et al 2010

Vitamin C

Glutathione
monoester
Flavonoids, EGCG,
green tea extract
Nutrient mixture
(NM)*

Table 2. Action of micronutrients on phases of HIV infection
* containing (vitamin C, green tea extract, lysine, proline, arginine, NAC, selenium)

6. Our approach to controlling virus infection with nutrient synergy
Although specific, single nutrients have been shown to suppress HIV in previous studies,
little attention has been directed at blocking virus expression with nutrient combinations. To
investigate this, we have utilized the principle of nutrient synergy i.e. use of nutrients in
combination at low to moderate (physiological) levels for prevention and control of disease
(Rath and Niedzwiecki 1996, Rath et al., 2005, Jariwalla et al., 2008a, 2009). The principle
underlying nutrient synergy is that nutrients work in the body in harmonious synergy, not
isolation, and they allow for maximal benefits when used in combination at physiological
doses. In nutrient synergy 1 + 1 is more than 2 (Fig 6). We have applied this principle to both
experimental studies of HIV infection as well as the in vivo evaluation of a defined multimicronutrient supplement in AIDS patients in a community wide setting.

Fig. 6. The benefits of nutrient synergy
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All nutrients work in our bodies in harmonious synergy, not in isolation.
Nutrient Synergy allows for achieving maximum health benefits and keeping cellular
processes in balance using smaller quantities of nutrients. Use of single vitamins in very
high-doses or a randomly selected nutrient combination is not recommended as an optimal
approach to health.

7. Experimental studies in HIV infection
Studies conducted by us of micronutrient combinations in laboratory cultures of HIV infected
cells have provided further support for nutritional efficacy in viral immunodeficiency disease
(Jariwalla et al., 2010). In these studies, we compared the ability of micronutrient combinations
to single nutrients in the suppression of HIV replication in both chronically and latently
infected cells. H9-HTLV IIIB is a model, chronically-infected T lymphocytic cell line that
constitutively produces HIV cytopathic virus in the cell culture supernatant (Popovic et al.,
1984, Gallo et al., 1984, Harakeh et al., 1990, Harakeh and Jariwalla 1991). Exposure of these
cells to low/moderate concentrations of single micronutrients such as ascorbic acid, green tea
extract and the amino acids such lysine produced only small inhibitory effects on virus
production. In contrast, exposure of cells to combinations of micronutrients conferred
significantly greater HIV suppression compared to single nutrients, indicating a synergistic
effect. A nutritional mixture (NM), consisting of vitamin C, green tea extract, amino acids
(lysine, proline, arginine), NAC and selenium also gave enhanced suppression of HIV
production in this cell line compared to single nutrients (Jariwalla et al., 2010; see also Table 2).
A similar inhibitory effect on cytokine-stimulated virus expression was obtained in latently
infected T cells, indicating that micronutrients cooperate to suppress virus expression in both
chronically and latently-stimulated cells (Jariwalla et al., 2010; Table 2).

8. Clinical nutrition studies in AIDS patients
Based on the above scientific evidence of micronutrient effectiveness in laboratory cultures
of virally-infected cells, we have incorporated the use of micronutrients in natural control of
HIV infection. Our studies conducted in persons with AIDS symptoms have provided
further support for micronutrient efficacy in viral immunodeficiency disease (Jariwalla et al.,
2008a, 2009). This in vivo confirmation of micronutrient efficacy was demonstrated in AIDS
patients in a community wide program conducted in South Africa between 2005 and 2008.
In this community program, the Dr. Rath Foundation donated a micronutrient supplement
to the South African National Civic Organization (SANCO) who distributed it among
people affected by AIDS in various townships in South Africa.
The micronutrient supplement contained vitamins and trace elements (except iron) that are
known to modulate the immune system (listed in Fig. 3) plus selenium, essential minerals
and other important nutrients such as amino acids, green tea extract, bioflavonoids, N-acetyl
cysteine, inositol and coenzyme Q10. This supplement was given to subjects to be taken 3
times a day with meals. The characteristics of participants, patient selection, informed
consent, administration of questionnaire grading AIDS-defining symptoms and the
evaluation methodology were reported previously (Jariwalla et al., 2008a, 2009).
The first township where a pilot nutritional program was evaluated was Khayelitsha, a
township near Cape Town (Jariwalla et al., 2008a). In this pilot protocol, 56 AIDS patients
completed all 3 examinations and their completed questionnaires were evaluated for
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changes in severity of symptoms seen after the first 3 visits (8-12) weeks from the beginning
of micronutrient supplementation. Table 3 lists the AIDS-defining symptoms for Africa,
other physical symptoms, pain symptoms and symptoms of well-being. Tables 4-6 show a
summary of the impact on these symptoms from micronutrient supplementation. The
results showed that within 10-12 weeks, the micronutrient supplement statistically
significantly suppressed all AIDS-defining symptoms compared to baseline. The
supplement also significantly suppressed other physical symptoms frequently seen in AIDS
patients including state of well-being (Jariwalla et al., 2008a).
AIDS-Defining Symptoms
Fever
Diarrhoea
Cough
Weight loss
TB
Oppurtunistic infections
Other Physical Symptoms
Swollen glands
Colds, flu
Rashes
Wounds, sores, ulcers
Headache
Bloating, gas
Other physical symptoms

Symptoms of Well Being
Appetite
Energy
Enjoyment of life
Fear of future
Concentration
Anxiety
Depression
Insomnia
Fatigue

Table 3. AIDS-Related Symptoms, Conditions and Diseases Monitored in Community Wide
Micronutrient Program
The micronutrient supplement evaluated in Khayelitsha was also rolled out in KwaZulu
Natal district (near Durban) where a very large group (522 patients) completed all 3 exams
and questionnaires. Similar to Khayelitsha, the same trend in reduction of AIDS-defining
symptoms, other physical AIDS-associated symptoms and pain symptoms was seen (Tables
4-6). The results were also confirmed in two other townships (Western Cape and Free State),
for a total of 813 participants from all 4 townships (Tables 4-6).
Site
Khayelitsha
Kwazulu-Natal (KZN)
Western Cape
Free State

Total no of
patients
50
473
153
82

% decrease in AIDS-defining symptoms from
baseline after 3 visits *
33-61%
37-48%
51-78%
23-26%

Table 4. Impact of micronutrient supplementation on AIDS defining symptom in a
community wide program
*8-12 weeks except Free State (= 40 weeks)
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Site
Khayelitsha
Kwazulu-Natal (KZN)
Western Cape
Free State

Total no of
patients
45
522
153
78

% decrease in other physical symptoms from
baseline after 3 visits *
37-60%
17-54%
44-83%
17-47%

Table 5. Impact of micronutrient supplementation on other physical symptoms in AIDS
patients in community wide program
* 8-12 weeks except Free State (= 40 weeks)

Site
Khayelitsha
Kwazulu-Natal (KZN)
Western Cape
Free State

Total no of
patients
44
511
149
79

% decrease in pain symptoms from
baseline after 3 visits *
38-49%
32-50%
43-64%
24-35%

Table 6. Impact of micronutrient supplementation on pain symptoms in AIDS patients in
community wide program
* 8-12 weeks except Free State (= 40 weeks)

9. Conclusion
The results we have seen are not in isolation. Beneficial effects of micronutrients and their
combinations have been seen in clinical studies conducted by other researchers as
summarized in Table 7. These studies have evaluated nutrients in combination and reported
beneficial effects on various outcomes including improvement in viral and immune
parameters, antioxidant protection from cellular damage, slowing of disease progression,
reduction of AIDS-related symptoms and improvement of birth outcomes in pregnant
women. The impact of nutritional support and vitamin and micronutrient supplementation
in the treatment of HIV and AIDS is a seriously under-investigated area. Repeated calls have
been made for more studies in this area by international health agencies. Although
micronutrients are not a cure for AIDS, in the absence of an effective cure or vaccine and in
the face of the toxicity and limited efficacy of ARVs, they are a safe, effective and affordable
way to halt progression towards and even reduce the symptoms of the AIDS disease and to
improve the quality of life of AIDS patients.
The implications of micronutrient supplementation results for public health and control of
infectious and immunodeficiency disease are enormous. If properly evaluated,
micronutrients have the potential of being incorporated into strategies for fighting viral
pandemics on a global scale. Implementation of the above positive findings could save
millions of lives.
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Micronutrient Supplement
Multivitamin Supplement
N-acetylcysteine (NAC)
Vitamin C plus E
NAC plus vitamin C
Multivitamin Supplement
Multi-micronutrient
Supplement
Micronutrient Supplement
Nutritional Supplements
Alpha-lipoic acid
Micronutrient Supplement
(see text, page 8)

Clinical change
Delayed onset of AIDS in HIV
positive asymptomatic persons
Increased survival compared to
placebo
1) Reduced oxidative stress, viral
load 2) Prevention of AZT-induced
miochondrial damage
Enhanced immune responses and
reduced viral load in advanced AIDS
Reduced fetal death among HIVinfected Tanzanian women
Increased survival among HIVinfected persons in Bangkok
Improved CD4 count
Delayed AIDS progression in HIVinfected persons
Enhanced blood glutathione and
improved lymphocyte function
Reduced AIDS related and pain
symptoms; improved state of well
being

Reference
Abrams et al 1993, Tang
et al 1993
Herzenberg et al 1997
Allard et al 1998, de la
Asuncion et al 1998
Muller et al 2000
Fawzi et al 1998, 2004
Jiamton et al 2003
Kaiser et al 2006
Namulemia et al 2007
Jariwalla et al 2008b
Jariwalla et al 2008a;
2009

Table 7. Clinical improvements seen upon micronutrient supplementation in HIV and AIDS
patients, in peer-reviewed published studies.

10. Acknowledgement
We would like to thank Lisa Smith for help with formatting/presentation of the graphics
and Anupriya Pandit for tabulating data and organizing references.

11. References
Abrams B, Duncan D & Hertz-Picciotto I. (1993). A prospective study of dietary intake and
acquired immune deficiency syndrome in HIV-seropositive homosexual men. J
Acquir Immune Defic Syndr., Vol. 6, No. 8, pp. 949-58.
Abrescia N, D’Abbraccio M, Figoni M, Busto A, Maddaloni A & De Marco M. (2005).
Hepatotoxicity of antiretroviral drugs. Current Pharmaceutical Design, Vol. 11, pp.
3697-3710.
Allard JP, Aghdassi E, Chau J, Tam C, Kovacs CM, Salit IE & Walmsley SL. (1998). Effects of
vitamin E and C supplementation on oxidative stress and viral load in HIV-infected
subjects. AIDS, Vol. 12, No. 13, (September 10), pp. 1653-9.
de la Asunción JG, del Olmo ML, Sastre J, Millán A, Pellín A, Pallardó FV & Viña J. (1998).
AZT treatment induces molecular and ultrastructural oxidative damage to muscle
mitochondria. Prevention by antioxidant vitamins. J Clin Invest., Vol.102, No. 1,
(July 1), pp. 4-9.
Bauer A, Harrer T, Peukert M, Jahn G, Kalden JR & Fleckenstein B. (1991). Alpha-lipoic acid
is an effective inhibitor of human immuno-deficiency virus (HIV-1) replication. Klin
Wochenscher, Vol. 69, No. 15, (October 2), pp. 722-724.

www.intechopen.com

524

Recent Translational Research in HIV/AIDS

Baum MK, Shor-Posner G, Lu Y, Rosner B, Sauberlich HE, Fletcher MA, Szapocznik J,
Eisdorfr C, Buring JE & Hennekens CH. (1995). Micronurients and HIV-1 disease
progression. AIDS, Vol. 9, No. 9, pp. 1051-1056.
Beach RS, Mantero-Atienza E, Shor-Posner G, Javier JJ, Szapocznik J, Morgan R, Sauberlich
HE, Cornwell PE, Eisdorfer C & Baum MK. (1992). Specific nutrient abnormalities
in asymptomatic HIV-1 infection. AIDS, Vol. 6, No. 7, pp. 701-8.
Carr A, Samaras K, Chisholm DJ & Cooper DA. (1998). Pathogenesis of HIV-1-protease
inhibitor-associated peripheral lipodystrophy, hyperlipidaemia, and insulin
resistance. Lancet, Vol. 351, No. 9119, (June 20), pp. 1881-3.
Carr A, Morey A, Mallon P, Williams D & Throburn DR. (2001). Fatal portalhypertension,
liver failure, and mitochondrial dysfunction after HIV-1 nucleoside analogueinduced hepatitis and lactic acidaemia. Lancet, Vol. 357, No. 9266, (May 5), pp. 1412-4.
Costello C. (1988). Haematological abnormalities in human immunodeficiency virus (HIV)
disease. Journal of clinical pathology, Vol. 41, pp. 711-715.
Fassina G, Buffa A, Benelli R, Varnier OE, Noonan DM & Albini A. (2002). Polyphenolic
antioxidant (-)-epigallocatechin-3-gallate from green tea as a candidate anti-HIV
agent. AIDS, Vol. 16, No. 6, (April 12), pp. 939-41.
Fawzi WW, Msamanga GI, Spiegelman D, Urassa EJ, McGrath N, Mwakagile D, Antelman
G, Mbise R, Herrera G, Kapiga S, Willett W & Hunter DJ. (1998). Randomised trial
of effects of vitamin supplements on pregnancy outcomes and T cell counts in HIV1-infected women in Tanzania. Lancet, Vol. 351, No. 9114, (May 16), pp. 1477-82.
Fawzi W, Msamanga G, Antelman G, Xu C, Hertzmark E, Spiegelman D, Hunter D &
Anderson D. (2004). Effect of prenatal vitamin supplementation on lower-genital
levels of HIV type 1 and interleukin type 1 beta at 36 weeks of gestation. Clin Infect
Dis., Vol. 38, No. 5, (Mar 1), pp. 716-22.
Fischl MA, Richman DD, Grieco MH, Gottlieb MS, Volberding PA, Laskin OL, Leedom JM,
Groopman JE, Mildvn D, Schooley RT et al. (1987). The efficacy of azidothymidine
(AZT) in the treatment of patients with AIDS and AIDS-related complex. A doubleblind, placebo-controlled trial. N Engl J Med, Vol. 317, No. 4, (July 23), pp. 185-91.
Gallo RC, Salahuddin SZ, Popovic M, Shearer GM, Kaplan M, Haynes BF, Palker TJ,
Redfield R, Oleske J, Safai B, et al. (1984). Frequent detection and isolation of
cytopathic retroviruses (HTLV-III) from patients with AIDS and at risk for AIDS. ,
Vol. 224, No. 4648, (May 4), pp. 500-3.
Gray RH. (1984). Similarities between AIDS and PCM. AM J Public Health, Vol. 73, No. 11,
pp. 1332.
Harakeh S, Jariwalla RJ & Pauling L. (1990). Suppression of human immunodeficiency virus
replication by ascorbate in chronically and acutely infected cells. Proc. Natl. Acad.
Sci USA, Vol. 87, No. 18, pp. 7245-49.
Harakeh S & Jariwalla RJ. (1991). Comparative study of the anti-HIV activities of ascorbate
and thiol-containing reducing agents in chronically HIV-infected cells. Am J Clin.
Nutr., Vol. 54, No. 6S, pp. 1231S-1235S.
Herzenberg LA, De Rosa SC, Dubs JG, Roederer M, Anderson MT, Ela SW & Deresinski SC.
(1997). Glutathione deficiency is associated with impaired survival in HIV disease.
Proc Natl Acad Sci U S A, Vol. 94, No. 5, (March 4), pp. 1967-72.
Hogg RS, Yip B, Chan KJ, Wood E, Craib KJ, O'Shaughnessy MV & Montaner JS. (2001).
Rates of disease progression by baseline CD4 cell count and viral load after
initiating triple-drug therapy. JAMA, Vol. 286, No. 20, (November 28), pp. 2568-77.
Jariwalla RJ. (1995). Micronutrient imbalance in HIV infection and AIDS: Relevance to
pathogenesis and therapy. J Nutr Environ Med, Vol. 5, pp. 297-306.

www.intechopen.com

Micronutrient Synergy in the Control of HIV Infection and AIDS

525

Jariwalla RJ, Niedzwiecki A, & Rath M. (2008a). Micronutrients and nutrient synergy in
immunodeficiency and infectious disease. In: Botanical Medicine in Clinical Practice
(R. R. Watson & V. R. Preedy, Eds), pp 203-12. CAB International, London, UK.
Jariwalla RJ, Lalezari J, Cenko D, Mansour SE, Kumar A, Gangapurkar B & Nakamura D.
(2008b). Restoration of blood total glutathione status and lymphocyte function
following alpha-lipoic acid supplementation in patients with HIV infection. J Altern
Complement Med., Vol. 14, No. 2, pp. 139-46.
Jariwalla RJ, Niedzwiecki A, & Rath M. (2009). The essentiality of nutritional
supplementation in HIV infection and AIDS: Review of clinical Studies and results
from a community helath micronutrient program. In: Bioactive Foods in Promoting
Health: Fruits and Vegetables (R. R. Watson & V. R. Preedy, Eds), pp 323-342.
Oxford: Academic Press, ISBN: 978-0-12-374628-3.
Jariwalla RJ, Gangapurkar B, Pandit A, Kalinovsky T, Niedzwiecki A & Rath M. (2010).
Micronutrient cooperation in the suppression of HIV production in chronically and
latently infected cells. Mol Med Report, Vol. 3, No. 3, pp. 377-85.
Jiamton S, Pepin J, Suttent R, Filteau S, Mahakkanukrauh B, Hanshaoworakul W,
Chaisilwattana P, Suthipinittharm P, Shetty P & Jaffar S. (2003). A randomized trial
of the impact of multiple micronutrient supplementation on mortality among HIVinfected individuals living in Bangkok. AIDS, Vol. 17, No. 17, (November 21), pp.
2461-9.
Kaiser JD, Campa AM, Ondercin JP, Leoung GS, Pless RF & Baum MK. (2006).
Micronutrient supplementation increases CD4 count in HIV-infected individuals
on highly active antiretroviral therapy: a prospective, double-blinded, placebocontrolled trial. J Acquir Immune Defic Syndr., Vol. 42, No. 5, (August 15), pp. 523-8.
Kalebic T, Kinter A, Poli G, Anderson ME, Meister A & Fauci AS. (1991). Suppression of
human immunodeficiency virus expression in chronically infected monocytic cells
by glutathione, glutathione ester, and N-acetylcysteine. Proc Natl Acad Sci USA, Vol.
88, No. 3, (February 1), pp. 986-90.
Mahmood N, Pizza C, Aquino R, De Tommasi N, Piacente S, Colman S, Burke A & Hay AJ.
(1993). Inhibition of HIV infection by flavonoids. Antiviral Res., Vol. 22, No. 2-3, pp.
189-99.
Mihm S, Ennen J, Pessara U, Kurth R & Droge W. (1991). Inhibition of HIV-1 replication and
NF-κB by cysteine and cysteine derivatives. AIDS, Vol. 5, No. 5, pp. 497-503.
Morgan D, Mahe C, Mayanja B, Okongo, Lubega R & Whitworth JA. (2002). HIV-1 infection
in rural Africa: Is there a difference in median time to AIDS & survival compared
with that in industrialized countries. AIDS, Vol. 16, No. 4, (March 8), pp. 597-603.
Müller F, Svardal AM, Nordoy I, Berge RK, Aukrust P & Frøland SS. (2000).Virological and
immunological effects of antioxidant treatment in patients with HIV infection. Eur J
Clin Invest., Vol. 30, No. 10, pp. 905-14.
Namulemia E, Sparling J & Foster HD. (2007). Nutritional supplements can delay the
progression of AIDS in HIV-infected patients: results from a double-blinded,
clinical trial at Mengo hospital, Kampala, Uganda. Journal of orthomolecular Medicine,
Vol. 22, pp. 129-136.
Nobelprize.org (1929-1964). The nobel prize and the discovery of vitamins (by K.J.
Carpenter), Retrieved from
http://nobelprize.org/nobel_prizes/medicine/articles/carpenter
Pakker NG, Notermans DW, de Boer RJ, Roos MT, de Wolf F, Hill A, Leonard JM, Danner
SA, Miedema F & Schellekens PT. (1998). Biphasic kinetics of peripheral blood T

www.intechopen.com

526

Recent Translational Research in HIV/AIDS

cells after triple combination therapy in HIV-1 infection: a composite of
redistribution and proliferation. Nat Med., Vol. 4, No. 2, pp. 208-14.
Paton NI, Sangeetha S, Earnest A & Bellamy R. (2006). The impact of malnutrition on
survival and the CD4 count response in HIV-infected patients starting
antiretroviral therapy. HIV Med., Vol. 7, No. 5, pp. 323-30.
Patton GC, Coffey C, Sawyer SM, Viner RM, Haller DM, Bose K, Vos T,Ferguson J & Mathers
CD. (2009). Global patterns of mortality in young people: a systematic analysis of
population health data. Lancet, Vol. 374, No. 9693, (September 12), pp. 881-92.
Popovic M, Sarngadharan MG, Read E & Gallo RC. (1984). Detection, isolation, and
continuous production of cytopathic retroviruses (HTLV-III) from patients with
AIDS and pre-AIDS. Science, Vol. 224, No. 4648, (May 4), pp. 497-500.
Rath M & Niedzwiecki A. (1996). Nutritional supplement program halts progression of early
coronary atherosclerosis documented by ultrafast computed tomography. Journal of
Applied Nutrition, Vol. 48, pp. 67-78.
Rath M, Kalinovsky T & Niedzwiecki A. (2005). Reduction in the frequency of arrhythmic
episodes in patients with paroxysmal atrial arrhythmia with a vitamin/essential
nutrient program. JANA, Vol. 8, pp. 21-25.
Richman DD, Fischl MA, Grieco MH, Gottlieb MS, Volberding PA, Laskin OL, Leedom JM,
Groopman JE, Mildvan D, Hirsch MS, Jackson GG, Durack DT & NusinoffLehrman S. The AZT collaborative working group. (1987). The toxicity of
azidothymidine (AZT) in the treatment of patients with AIDS and AIDS related
complex. A double-blind, placebo-controlled trial. New England Journal of Medicine,
Vol. 317, pp. 192-197.
Roederer M. (1998). Getting to the HAART of T cell dynamics. Nat Med., Vol. 4, pp. 145-6.
Roederer M, Staal FJ, Raju PA, Ela SW & Herzenberg LA. (1990). Cytokine-stimulated
human immunodeficiency virus replication is inhibited by N-acetyl-L-cysteine.
Proc. Natl. Sci USA, Vol. 87, No. 12, pp. 4884-8.
Sappey C, Legrand-Poels S, Best Belpomme M, Favier A, Rentier B & Piette J. (1994).
Stimulation of glutathione peroxidase activity decreases HIV type 1 activation after
oxidative stress. AIDS Res. Hum. Retroviruses, Vol. 10, No. 11, pp. 1451-61.
Scrimshaw NS. (2003). Historical concepts of interactions, synergism and antagonism
between nutrition and infection. Journal of Nutrition, Vol. 133, No. 1, pp. 316S-321S.
Sleaseman JW and Goodenow MM. (2003). HIV-1 infection. J Allergy Clin Immunol., Vol. 111,
No. 2 suppl, pp. S582-S592.
Suzuki YJ & Packer L. (1993). Inhibition of NF-κB activation by vitamin E derivatives.
Biochem. Biophys. Res. Commun., Vol. 193, No. 1, (May 28), pp. 277-83.
Tang AM, Graham NM, Kirby AJ, McCall LD, Willett WC & Saah AJ. (1993). Dietary
micronutrient intake and risk of progression to acquired immunodeficiency
syndrome (AIDS) in human immunodeficiency virus type 1 (HIV-1)-infected
homosexual men. Am J Epidemiol., Vol. 138, No. 11, (December 1), pp. 937-51.
Turchenko LV, Voloshchuk EO, Ivanov V, Kalinovsky T, Niedzwiecki A & Rath M. (2008).
Clinical improvement of active tuberculosis patients with complex treatment and
nutritional supplementation. The Open Natural Products Journal, Vol. 1, pp. 20-26.
UNAIDS (2010). UNAIDS Report on the Global AIDS Epidemic, Retrieved from
http://www.unaids.org/globalreport/
Webb AL & Villamor E. (2007). Update: effects of antioxidant and non-antioxidant vitamin
supplementation on immune function. Nutr Rev., Vol. 65, No. 5, pp. 181-217.

www.intechopen.com

Recent Translational Research in HIV/AIDS
Edited by Prof. Yi-Wei Tang

ISBN 978-953-307-719-2
Hard cover, 564 pages
Publisher InTech

Published online 02, November, 2011

Published in print edition November, 2011
The collective efforts of HIV/AIDS research scientists from over 16 countries in the world are included in the
book. This 27-chapter Open Access book well covers HIV/AIDS translational researches on pathogenesis,
diagnosis, treatment, prevention, and also those beyond conventional fields. These are by no means inclusive,
but they do offer a good foundation for the development of clinical patient care. The translational model forms
the basis for progressing HIV/AIDS clinical research. When linked to the care of the patients, translational
researches should result in a direct benefit for HIV/AIDS patients.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
Raxit J. Jariwalla, Aleksandra Niedzwiecki and Matthias Rath (2011). Micronutrient Synergy in the Control of
HIV Infection and AIDS, Recent Translational Research in HIV/AIDS, Prof. Yi-Wei Tang (Ed.), ISBN: 978-953307-719-2, InTech, Available from: http://www.intechopen.com/books/recent-translational-research-in-hivaids/micronutrient-synergy-in-the-control-of-hiv-infection-and-aids

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

