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Learning Objectives

At the conclusion of this course, the student will be able to:

1. Discuss how the HIV virus infects immune cells and the damage it does to the immune system.

2. Explain how the immune system recognizes self cells versus foreign cells

3. Discuss the relationship of the immune system, free radicals, HIV virus and antioxidant nutrients.

4. Determine the altered nutritional needs of people with HIV/AIDS, based on their disease status and drug
regime.

5. Understand the components of a nutrition assessment for people with HIV/AIDS.

6. Describe how transmission of the HIV virus from mother to fetus can be decreased and how the HIV
virus impacts the nutritional needs of the pregnant woman.

7. Discuss the issues that need to be addressed when counseling people with HIV/AIDS.

Medical Nutrition Therapy is an essential component to the treatment of HIV/AIDS. Over the past 20
years, research has clearly shown the relationship of nutrition to immune function, opportunistic infections, pro-
gression of the disease and, most importantly, quality of life. In developed countries, the devastating progression
of AIDS is mitigated in part by effective treatment, supported by a generally high level of nutritional health.
Those individuals receiving highly active antiretroviral therapy ( HAART), common in the US, have fewer
opportunistic infections, increased quality of life and longer life expectancy (Kotler, 2004). Patients receiving
HAART do have nutritional problems that need intervention, such as nutritional defciencies, metabolic abnor-

malities, weight loss and weight gain, body composition changes, diarrhea and GI disturbances. In addition,
___________________________________________________________________________________________|
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HAART has other side effects, such as lipodystrophy, alterations in serum lipids, and metabolic abnormalities
that increase the risk for cardiovascular disease and diabetes. Medication-induced side effects can also impact
nutritional status. These side effects of HAART necessitate medical nutrition therapy to prevent other health
problems, making proper nutrition even more important.

Since the advent of HAART, it has become apparent that the nutritional effects of HIV/AIDS are more di-
versifted and complex. Some of the medical and nutritional issues pre-HAART — nutritional defciencies, wast-
ing syndrome, AIDS enteropathy, opportunistic infections — are not as prevalent in those taking HAART. That
is not to say they do not occur, just that the incidence is much lower. Other nutritional complications have arisen
from HAART and will be discussed in detail later. The bottom line is that the nutritional ramifcations of HIV/
AIDS depend upon a individual’s access to food and nutritional supplements, access to medications, nutritional
status at the beginning of the disease and support systems.

To fully appreciate the importance of nutrition in the treatment of HIV/AIDS, we must frst understand
how the virus alters the immune system and evades destruction. We also need to know how the nutritional status
of the host impacts the virus and how the nutritional environment of the host is forever altered. With these un-
derstandings, the critical role of nutrition in the treatment of HIV/AIDS becomes even clearer.___

The HIV virus

HIV is classifed as a retrovirus. It is distinguished by the presence of reverse transcriptase, an enzyme
that allows the RNA of the virus to make its own DNA by using genetic material from the host cell. Only cells
that have the CD4+ glycoprotein receptor on the cell membrane can become infected. These include cells of the
immune system, such as CD4+ T lymphocytes (T helper cells), macrophages and monocytes, and some B cells,
and dendritic cells of the germinal centers (part of the nervous system). Viral replication has been detected in all
regions of the central nervous system, making it a likely virus target and accounting for the neurological symp-
toms seen in AIDS.

To spread itself, the HIV virus binds to the CD4+ receptor on the surface of a cell, then penetrates into the
cell where it either begins replicating or remains inactive — “latent” or non-replicating. Actively replicating
cells “hijack” the DNA of the host cell, producing a large number of viral particles, or virons, that travel through
the blood to infect more immune cells, including CD4+ T helper cells.

At any given time, the number of actively replicating HIV is much smaller than the number of HIV-in-
fected latent cells, which poses a problem for the immune system (Kotler, 2004). This is especially problematic
because HIV-infected latent cells appear normal from the outside, so immune cells do not attack them. This cre-
ates a reservoir of incubating HIV cells within the body that is able to grow undetected and undisturbed.

Declining immune function

Once the HIV virus inside T cells has fnished replicating, the cell is destroyed, releasing the new virus into
the bloodstream. Each new viral particle fnds a cell to infect. While T cells are being destroyed by the HIV vi-
rus, new ones are created to replace the destroyed cells. However, over time, the number of CD4+ T helper cells
declines, as more cells are destroyed than are replaced.

The loss of lymphocytes is the most damaging aspect of the HIV virus, as these cells regulate all aspects
of immunity, as shown in the chart on the next page. These cells have the ability to recognize specifc antigens,
based on the markers on the outside of the cell. CD4+ T helper cells stimulate T and B cells to respond to an-
tigens, “turning on” the immune response and activating macrophages as well as stimulating cytotoxic T cells,
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which can kill infected self cells and tumor cells, activate macrophages and detect and kill foreign cells.

Macrophages are the cells that identify antigens and present that information to CD4+ T helper cells, so
they can stimulate an immune response. Losing T helper cells and macrophages, with their central role in the
immune response, severely impairs the immune system’s response to an antigen, causing immune system abnor-
malities. A hallmark of AIDS is the quantitative and qualitative defect of CD4+ T helper cells. The normal ratio
of CD4+ to CD8+ T cells is two to one; in AIDS, that is reversed to one to two, or even lower.

Immune functions of CD4+ T lymphocytes

Regulates many aspects of immune response
1 <labilityltoldifferentiatelselficellsIfromforeignlantigens
1 <lreduceslresponseltolself-cells,Ipreventinglautoimmuneldisease

Controls activity of antibody producing cells

1 eIstimulatelantibodiesIpreventingiviruses,lincludinglHIV,fromirepli-
cating

1 elincreaselclearancelofIHIVIvirusi—promotsiuptakelintolphagocytes

1 lincreaselbindinglofivirusitolcytotoxicITlcellsitolneutralizeHIVIvirus

Controls activity of cell-mediated immune cells
1 <Irecognizes!HIVivirusiasiforeignlantigen

1 ekilllviruslinfectedlcells

1 e<Ipreventsireleaselofinewlvirallparticles

Recognizing self cells and foreign antigens

Lymphocytes have the ability to differentiate between self cells and foreign antigens and distinguish which
antigens to target. Every cell has a protein marker, genetically determined by the major histocompatibility
complex (MHC), on its surface. These MHC markers have important functions in the immune response. Class I
MHC markers identify cells as “self” so that immune cells will leave them alone. MHC markers also determine
which antigens an individual will respond to and how strong the response will be. This accounts for the variance
among individuals in their response to viruses, bacteria and allergens. The response is diagramed on the follow-
ing page.

Cytotoxic T cells use the class | MHC markers to identify self cells that have been infected by viruses or
have mutated. A cytotoxic T cell binds to the class I MHC marker, looking for signs of infection or mutation. If
found, it destroys the infected cell. This is what happens to actively replicating HIV infected cells.

T cells cannot recognize antigens; they must be “educated” to learn what receptor will be needed to bind
that specifc antigen so it can be destroyed. Class Il MHC markers are used by cells that are responsible for
presenting antigens to the helper T cells — macrophages, B cells and dendritic cells. These cells are known as
antigen-presenting cells (APC) because they have a small fragment of the antigen on their MHC receptor, which
they “present” to the T helper cell or macrophage, so it knows that the antigen needs to be attacked.
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Recognition of Antigens
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Once a lymphocyte or macrophage recognizes the cell by the antigen fragment or the MCH marker on the
cell surface, it decides either that the antigen is self (needs no response), or foreign (must be attacked). APC
must Frst present an HIV antigen fragment to the CD4+ T lymphocyte for it to recognize the HIV virus so it can
be destroyed, whether circulating in the blood or replicating in cells.

This is one way the system breaks down in HIV/AIDS. The HIV virus leaves no antigen fragments on the
outside of the cell, so it can evade detection by the immune system.

Another way it escapes detection and destruction by the immune system is by mutating. When the HIV
virus replicates itself, there are errors in the transcription, causing mutations. Every time the HIV virus mutates,
it becomes unrecognizable, and the immune system must again go through the recognition process described
above. That take times, which allows the new strain of virus to replicate freely. The immune system is constant-
ly trying to catch up. Over time, some HIV virus strains become entirely resistant to immune system detection,
as well as to medications.

Destruction of HIV virus

Macrophages, neutrophils and other granulocytes are able to specifcally identify bacteria, virus and debris
particles they must destroy, but cannot differentiate between foreign antigens, noting only that the invader is
nonself and must be destroyed by phagocytosis.

During phagocytosis, the foreign antigen is bound to the surface of a macrophage or neutrophil, sometimes
assisted by C3 complement. The phagocytic cell then engulfs the antigen and brings it into the cell, forming a
phagosome — a sort of walled-off compartment. Destruction of the antigen takes place chemically inside the
phagosome. Lysozymal enzymes, free radicals, hydrogen peroxide (in combination with ascorbic acid and copper
ions) and lactoferrin are all involved in destroying the antigen. Oxygen produces lethal free radicals, including
nitric oxide, that kill foreign antigens during phagocytosis. Excess hydrogen peroxide is removed from the cell
by enzymes to prevent damage to the phagocytic cell. The remains of the antigen are digested by the phagocyte.
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While engulfng antigens, bactericidal chemicals and free radicals leak out of the phagocyte and damage
nearby cells and tissue of the host organism. After the antigen is killed, portions of it are displayed on the outer
surface of the macrophage, bound to a receptor, where they can now be recognized by T cells. This is how T
cells learn to recognize invaders, which begins the specifc immune response.

Progression of HIV infection
The course of the disease is different for each HIV-positive person, and there isn’t really a typical progres-
sion, as shown below.

Possible Progression of HIV Infection

Exposure to HIV

Nallnfection Infectionl(HIV+)
Acute Asymptomatic Lymphadenopathy
disease
Neurological m
Opportunisticlinfections: Cancers:
Tlviral,lbacterial,’fungal,/protozoan "Kaposi'sisarcoma
Death JeIBlcellllymphomas

Of those infected, many remain asymptomatic, while 10 to 20 percent show symptoms of an acute infec-
tion: fever, rash, enlarged lymph nodes (lymphadenopathy) with or without aseptic meningitis, and blood chang-
es that resemble infectious mononucleosis. The acute infection may not manifest in such a dramatic way. It may
last only a few days, then produce no symptoms for years. Some never get an acute infection.

People who are HIV positive (HIV+) but asymptomatic, may still have lymphadenopathy. A more ad-
vanced HIV infection increases the number of symptoms and includes night sweats, GI tract involvement, skin
disorders, muscle pain and non-life-threatening opportunistic infections. The disease AIDS is diagnosed by
either the fnding of documented wasting, diarrhea, dementia, HIV+ blood and a low CD4+ lymphocyte count
or by the presence of one of 23 opportunistic infections found in AIDS (Hollander, 1995). Wasting is defned by
CDC as a 10 percent weight loss for more than 30 days, without a known etiology.

The CD4+ lymphocyte count is used to measure the progression of the disease. The decline in the absolute
number of CD4+ lymphocytes correlates with the progression of the disease and risk of opportunistic infections
(Hollander, 1995). As the viral load drops, so do many of the problems associated with HIV: immune dysfunc-
tion, opportunistic infections, weight loss, malnutrition and death. Once protease inhibitors or other medications
are stopped, viral load again increases and the disease progresses.

It is important to remember that the nutritional consequences of HIV/AIDS is based on the individual. For
instance, many HIV+ individuals who are clinically stable have few nutritional problems, even if they are not on
any antiretroviral therapy (ART) (Faintuch, et al., 2006). Nutritional studies do not always clearly defne who
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they are investigating, making it diffcult to apply the results to the correct HIV/AIDS population. Since there are
fewer nutritional issues with stable HIV+ patients, there is a lot less information on their nutritional needs.

To help understand the medical and nutritional needs of HIV/AIDS patients, the CDC has a clinical classi-
fcation system, based on categories A, B and C, which is shown in Appendix #1. This system is based on CD4+
T lymphocyte cell count, which is categorized as 1, 2, or 3, shown in the chart below.

The CDC categories identify the progression of the disease. An individual may be A2, which means clini-
cally they are category A, with a CD4+ T cell count of 200 - 499. A individual who is C3, would have AIDS
with a CD4+ count below 200.

CD4+ T Lymphocyte Catagories

Category 1:1>5000CD4+T-cells/pl
Category2:1111200-499ICD4+T-cells/ul
Categoryl3:111<2001CD4+IT-cells/ul

*CategorizationlislbasedlonithellowestlaccuratelCD4+IT-celllcount,[not]

thelmostlrecentlone
CDC,011993

In trying to make sense of the literature and how HIV/AIDS alters nutritional status and nutrient needs, it
is important to know which group of individuals is being studied, since each one is has unique characteristics. Is
the study looking at individuals with an HIV infection (pre-AIDS) with no anti-retroviral therapy? Or individu-
als with an HIV infection treated with HAART? Or people diagnosed with AIDS? Each group is unique and the
nutritional needs are very different. For this reason, it is hard to make general statements about all people with
HIV/AIDS.

Free radicals, antioxidants & oxidative stress

Stimulation of the immune system causes an increase in free radical production, as a result of increase in
phagocytosis. Antioxidants neutralize the free radicals. Constant stimulation of the immune system can upset
the balance between free radicals and antioxidants. Here is why:

Immune cells produce superoxide radicals and mobilize other reactive oxygen species (ROS) to destroy
bacteria, viruses and other foreign matter. On the surface of phagocytes is a dormant enzyme that produces O,
(superoxide radical) once phagocytosis occurs. The phagocyte consumes a lot of oxygen in a “respiratory burst”
that precedes the O, production.

Antioxidants protect the body from the damaging effects of free radicals. There are two types of antioxi-
dants: antioxidant enzymes and nonenzymatic dietary antioxidants.

Superoxide dismutase (SOD) is an enzyme able to convert superoxide radicals into the less-toxic hydrogen
peroxide. SOD requires mineral cofactors to function; either manganese or copper and zinc. Other enzymes —
catalase and glutathione peroxidase — then convert the hydrogen peroxide into oxygen and water. Catalase is
a heme-requiring enzyme; glutathione peroxidase is a selenium-containing enzyme that requires glutamine or
glutamate to produce glutathione.
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The ability of these enzymes to work depends upon the availability of the minerals needed as cofactors:
manganese, selenium, zinc, copper and iron. However, iron and copper have a dual role in the production and
destruction of ROS. While both are necessary for protective enzymes, they can, in the presence of hydrogen
peroxide, cause the production of the toxic hydroxyl radical. Therefore, the body will bind and sequester these
metals to protein carriers, such as transferrin and ceruloplasmin, to make them unavailable for conversion to
ROS.

Nonenzymatic antioxidants are the other line of defense against ROS and include vitamins E and C, caro-
tenes, glutathione, uric acid, taurine and phytochemicals. All these antioxidants are found in food; they work by
intercepting and stabilizing the ROS. This is known as “scavenging.”

Vitamin E is the most important antioxidant within lipid membranes, preventing cell membrane damage
by scavenging the peroxyl radical. Vitamin C is the most abundant water-soluble antioxidant with a vast array
of ROS it can protect against. In addition, it prevents the conversion of nitrites to the carcinogenic nitrosamines
and can regenerate vitamin E once it gets used up scavenging free radicals.

Carotenes, especially beta-carotene, are potent scavengers of peroxyl and hydroxyl radicals. They can also
protect lipid membranes. The chart below lists the nutrients necessary to prevent oxidative stress.

Antioxidant Enzymes & Nutrients

Nutrients involved in antioxidant enzymes
ISuperoxideldismutasel(SOD):1zinclandleithermanganeseloricopper
+[Glutathionelperoxidase:lglutathionelandselenium
+[Catalase:lhemel(iron)

Non-enzymtic antioxidants

o[VitaminlEl [ [Vitamin[C

[Carotenes! [ o[Taurine

JPhytochemicals
+[Glutathionel(producedifromlcysteine,/glutamatelandlglycine)

Glutathione is an important antioxidant, scavenging free radicals, removing hydrogen and lipid peroxides
and preventing the oxidation of various substances in the body (Wu, 2004). Many other functions of glutathione
involve nutrient metabolism, the regulation of gene expression, DNA and protein synthesis, cell proliferation,
cytokine production and immune response (Wu, 2004). A protein defciency will cause a glutathione defciency,
as it is synthesized from the amino acids, cysteine, glutamate and glycine, with cysteine usually the rate-limiting
amino acid (Wu, 2004). Methionine can be used as a precursor to cysteine, while glutamine is effective as a
precursor for glutamate.

Disease may be viewed as an imbalance of free radicals and antioxidants — the production of free radicals
may increase without a corresponding increase in antioxidants. Without protection from antioxidants, the free
radicals damage cells. Over time, accumulated cellular damage leads to disease. Conversely, the amount of free
radicals may not change, but intake of antioxidants may be insuffcient to neutralize the free radicals being pro-
duced by the body. This imbalance of free radicals and antioxidants is now known as “oxidative stress” .
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In people with HIV and AIDS, decreased levels of antioxidants and increased oxidative stress have been
documented (Allard and Aghdassi, 1998; Olaniyi and Arinola, 2007). As oxidative stress increases so does viral
replication, which increases the destruction of CD4+ T cells and the progression of the disease (Cole and Lang-
kamp-Henken, 2005). Since the immune system is constantly stimulated and free radical production is higher
than in healthy individuals, adequate intake of antioxidants and phytochemicals is critical in minimizing oxida-
tive stress.

Supplementing with the antioxidant nutrients, to Daily Recommended Intake will increase serum levels.
Supplementing with increased amounts of the nutrients may not be necessary and is unproven (Nerad, et al.,
2003). In fact, it has been shown that supplemental vitamin A may be harmful and negatively impact longevity
in AIDS (Coyne-Meyers and Trombley, 2004).

More recently, Olaniyi and Arinola (2007) found that as the severity of HIV infection increased, there was
a decrease in the level of individual antioxidant nutrients — vitamin E, magnesium, iron, copper, selenium,
chromium, manganese and cadmium. Unexpectedly, two nutrients (uric acid and zinc) increased as the CD4+
cell count decreased, indicating a more severe HIV infection. Total antioxidant levels and albumin did decline
as CD4+ count declined.

The authors postulate that the higher uric acid level is due to the oxidative damage to cells causing an
increase in cell turnover and muscle wasting. In this study, there was a correlation between increasing uric acid
levels and progression of HIV. The authors could not explain the increase in serum zinc. The authors concluded
that a routine nutrition assessment and appropriate antioxidant/vitamin and mineral supplement is warranted.

The change in antioxidant and albumin levels may also be caused by an increase in the production of pro-
infammatory cytokines — IL-1, IL-6, IL-8. These cytokines, part of the innate immune response, initiate the
acute-phase response, which decreases production of albumin, decreases serum iron and zinc and raises serum
copper. The study by Olaniyi and Arinola found many of these changes in their study, but not all. It appears that
the changes in antioxidant nutrients has many causes, including an increased and sustained immune response;
an increase in the pro-infammatory cytokines and an increase in ROS and oxidative stress.

Selenium, a necessary mineral for the antioxidant enzyme glutathione peroxidase, appears to be adequate
or slightly lower in adolescents and young adults with HIV who are on HAART, but lower than non-infected
controls (Stephensen, et al, 2007; Fawzi, et al, 2005).

In addition, glutathione is decreased in the body of people with HIV/AIDS, leading to a decreased T
cell count and impaired functioning of T cells. Supplementing with glutathione itself or its precursors may be
necessary to fully restore immune function, especially when undergoing antiretroviral therapy (Aukrust and
Muller, 1999).

Stephensen and colleagues (2007) also found that the levels of gluthathione peroxidase were highest in
individuals on HAART, intermediate in those HIV+ but not on HAART, and lowest in healthy controls. The au-
thors concluded that selenium status was lower due to the immune stimulation from the HIV virus. The increase
in glutathione peroxidase was most likely due to the increased need due to the increase in oxidative stress from
the HIV infections and from HAART.

Adequate intake of plant foods rich in antioxidants and phytochemicals will help neutralize the increase
in free radicals. Beside being rich in benefcial nutrients, many of these foods will help those individuals with
lipodystrophy from HAART and help prevent chronic diseases such as heart disease.
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Oxidative stress, immunity & HIV

One of the most provocative concepts regarding oxidative stress and immunity is the relationship between
nutritional status, antioxidant status and the virulence of certain viruses.

Beck (1998) showed that animals fed selenium- or vitamin E-defcient diets, when exposed to a virus that
induces cardiomyopathy, got sick earlier and more severely than animals on a nutritionally adequate diet The
researcher felt that increased oxidative damage decreased immune function. Not only that, but the selenium-
and/or vitamin E-defcient animals got sick on a virus that was not virulent to nutritionally adequate animals. In
other words, a normally benign virus changed to a virulent one when the diet was inadequate in two important
antioxidants.

This was borne out in another experiment. Beck (1998) injected a virus into two groups of mice. One
group was fed a nutritionally adequate diet, the other was selenium- and/or vitamin E-defcient. The mice fed an
adequate diet did not get sick, but the nutritionally defcient group did. When the researchers took the virus from
the sick mice and injected it into the healthy mice (remember, the healthy mice already were injected with the
same virus), this time they got sick.

The researchers concluded that the immune response of the host with the nutritionally defcient diet is im-
paired due to increased oxidative stress — not enough antioxidants to prevent damage from ROS. A decrease in
immune response may allow a more virulent strain of virus to emerge. Another possibility is that ROS damage
to viral RNA leads to increased mutations of the virus, making it more virulent. Once the viral mutation occurs,
even the nutritionally adequate mice are susceptible to the virus.

In an excellent review of this work, Beck (2000) shows that there are genomic changes in the viruses taken
from nutritionally defcient mice that account for the change in the virulence of the virus.

Beck wanted to ¥nd out if their study of the coxsackievirus was true for other viruses and decided to study
the infuenza virus. Every year in the US over 100,000 individuals are hospitalized with infuenza and over
20,000 die from the disease. Beck and colleagues (2003) gave an infuenza virus to selenium-defcient and sele-
nium suffcient mice. Normally the virus causes pneumonitis. However, the selenium-defcient mice had more
severe lung pathology that lasted longer than the selenium suffcient mice. The lung pathology was caused by a
proinfammatory immune response and was due to a mutation of the virus in the selenium defcient mice. The
authors of the study propose that RNA viruses are highly susceptible to oxidative damage if the host is antioxi-
dant defcient and that can lead to a more virulent strain of the virus.

This may have relevance to the HIV/AIDS populations. Baum and associates have been interested in in-
vestigating the relationship of nutritional status to disease progression. To do that, they looked at the effects of
immune parameters and nutrients known to affect immune function on the survival of HIV+ male and female
drug users. Over 3.5 years, 21 of the 125 participants died of HIV-related causes. The study found that impaired
nutritional status over time, defned as low prealbumin, vitamin A, B, , zinc and selenium, was signifcantly
associated with mortality. The only independent predictor of survival was selenium, even when controlling for
baseline CD4+ count below 200, CD4+ count over time, overall poor nutritional status and defciencies of vita-
min A, B, and zinc.

The authors of this study speculate that selenium is important in the progression of the disease because it is
involved in gene regulation and viral expression. The HIV virus replicates more slowly with adequate selenium,
than when selenium is defcient. Viral load will affect the progression of the disease.

Another reason why selenium is so important is its antioxidant properties. HIV+ people and AIDS patients
experience chronic immune stimulation from Fghting the virus, with a corresponding increase in free radical
production with a decrease in antioxidant nutrients — vitamins C, E, beta-carotene, selenium — and antioxidant
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enzymes (Allard, 1998, Delmas-Beauvieux, 1996). This results in oxidative stress. The problem with increased
free radicals or ROS, is that they increase the production of the HIV virus and promote cell death, particularly
of CD4+ lymphocytes. (Kotler, 1998).

The GI tract

The GI tract has a localized immune response which destroys antigens, mediated by localized T helper
cells and IgA-producing B cells. Non-immunologic protective factors are also present, such as gastric acid,
hepatic Fltration, mucus, enzymes, peristalsis, bile, indigenous microbial fora and the physical barrier of the
epithelium.

During HIV/AIDS, the localized T helper population in the gut is decreased, as is the production of IgA.
When the local immune response is stimulated, there are fewer T helper cells to produce IL-2 which stimu-
lates B cells to produce IgA. This allows microorganisms to infect the GI tract, resulting in destruction of the
villi, microvilli and brush border enzymes from chronic infammation and the presence of immune complexes,
cytotoxic cells, infammatory cytokines and microbes. The HIV virus itself can cause direct injury to the gut.
Infammation of the small bowel along with partial villous atrophy, crypt hyperplasia and diarrhea, without an
opportunistic infection, is known as AIDS enteropathy.

The opportunistic infections may remain in the GI tract. But due to the increased permeability of the mu-
cosal membranes, microorganisms can penetrate the GI tract and enter the body where they cause a systemic
infection.

As the CD4+ count goes down, the types of opportunistic infections increase in severity. With moderate
immunosuppression you may see infections with herpes virus, Candida or bacterial infections. As the CD4+
count goes below 200 cells/mm?, Pneumocystis carinii pneumonia is likely. With a CD4+ count below 100
cells/mm’, infections with Mycobacterium avium complex, cytomegalovirus or diseases such as non-Hodgkin’s
lymphoma are seen (Fauci, 1996).

If an infection is present, it can damage the villi and microvilli in the intestines, decreasing the absorptive
surface, fewer nutrients can be absorbed. Diarrhea, caused by organisms or drugs, causes malabsorption by not
allowing the nutrients enough time in the intestines to be absorbed. The result is decreased nutritional status of
the HIV/AIDS patient, further compromising the immune system. This is especially true of zinc.

The use of HAART, which helps maintain higher CD4+ counts, decreases some of the problems with the
GI tract, especially preventing opportunistic infections. Without the infections, the GI tract is much healthier
and able to maintain adequate absorption. Most drugs used to treat HIVV/AIDS have Gl side effects — diarrhea,
nausea, vomiting, loss of appetite, abdominal discomfort, heartburn and constipation (Hoffman, Rockstroh and
Kamps, 2007). These GI side effects impair the nutritional status of the individual, especially if they are long-
term. Some patients stop taking HIV drugs due to the severe side effects, which creates other problems medi-
cally and nutritionally. While HAART decreases problems with the GI tract, not all problems are prevented and
GI dysfunction is still common in people with HIV (Mangili, 2006).

In a review of the GI tract in HIV infections, Mehandru (2007) found that most HIV+ patients have a de-
cline in Gl tract CD4+ cells that persists despite antiretroviral therapy for fve to seven years. The cause of the
decline is complex. However, the decrease in GI immunity may be responsible for an increase in polyps, can-
cers and infections seen in the GI tract (Mehandru, 2007).
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Increased nutrients to maintain immune function

As our knowledge of HIV advances, so does our understanding of the importance of nutritional status
in HIV+ and AIDS patients. Nutritional status is an independent predictor of survival (Guenter, 1995). Nutri-
tion plays a role in every aspect of HIV and AIDS from the asymptomatic phase to full-blown AIDS. During
the early phase of HIV, adequate nutrient intake supports all aspects of immune function from T helper cells,
cell-mediated and humoral immunity and nonspecifc immunity. As the disease progresses nutrition becomes
more important in preventing further immune dysfunction, infections and the progression of the disease (Beisel,
2000).

Defciencies of vitamin and minerals have been documented early in asymptomatic HIV+ people; these
include zinc, selenium, vitamins A, C, E, B, B,, carotenes and choline (Timbo, 1994; Liang, 1996; Faintuch,
2006). These nutrients are of particular importance as they are associated with immune function, infuencing the
course of disease and survival.

Nutrient defciencies cause immunosuppression and increase susceptibility to infection. In an already
immunocompromised person, a nutritional defciency will further impair immune function, especially decreas-
ing the number of CD4+ T cells, thereby increasing the likelihood of an opportunistic infection (Baum, 1998;
Faintuch, 2006).

Nutrients provide the support necessary for the immune system to mount an immune response. Every
component of the immune system appears susceptible to nutritional defciencies, including such nonspecifc
responses such as phagocytosis and killing activity, as well as cell-mediated and humoral (antibody) immune
functions.

With the continual activation of the immune system to fght the HIV virus, there is an increased demand for
nutrients, especially those associated with cellular production. Defciencies of protein, vitamins B, B, B, B,
E and folate and minerals zinc, selenium, copper and iron impair immune function.

Nutrients that have been found to be low or defcient in HIV+ people, in the early stage of the disease,
include: vitamins thiamin, niacin, B, B, , A, C, D, and E ; and minerals zinc, selenium and iron (Drain, 2007).
Keep in mind that these are common defciencies and vary by individual. However, studies have linked def-
ciencies of these nutrients to low CD4+ cell counts, HIV related diseases, faster progression of the disease and
mortality (Drain, 2007). The beneft of supplementation appears to be greater in individuals not on drug therapy
such as HAART and the level of supplementation is usually much higher than the RDA.

Studies have shown that multi-vitamin and mineral supplementation can slow the progression of HIV dis-
ease. Abrams (1993) showed that multi-vitamin and mineral supplementation was associated with a 30 percent
reduced risk of progression to AIDS and a 40 percent reduction in the risk of low CD4+ counts. This study was
pre-HAART.

Pregnant women in Tanzania, given a multi-vitamin and mineral supplement that included vitamins A,

B, C, E and beta carotene, had signifcantly higher CD4+ and CD8+ counts as well as signifcantly lower viral
loads (Fawzi and Msamanga, et al., 2004). The vitamin/mineral supplementation was able to delay the initiation
of antiretroviral therapy, delay the progression of the disease and reduce mortality.

The increased need for nutrients is also dependent upon the stage of the disease. If an individual is on
HAART, and the viral load is low, there will be less immune stimulation than an individual who has a higher
viral load and is not on HAART or who has progressed to AIDS. With a lower viral count, the immune system is
stronger and not undergoing as much cellular turnover and the nutritional needs of the immune system are most
likely decreased.
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Presently, there are many questions about which nutrients may be defcient in HAART users, which nutri-
ents are benefcial in conjunction with HAART and which nutrients, if supplemented, may be harmful. It may
be that HAART prevents nutrient defciencies common in those individuals not on medications. If so, which
ones? Will micronutrient supplementation beneft HAART users and if so, which nutrients.

There are not many studies addressing vitamin and mineral needs in HIV+ patients taking antiretroviral
drugs. One study of this population found that serum zinc was low in 40 percent of men and 36 percent of wom-
en (Jones, et al., 2006). Retinol, selenium and alpha-tocopherol were low in 5 to 14 percent of men and women.
What was interesting about the study was that those individuals with the best serum levels of zinc and selenium
(those in the upper quartiles) had lower viral loads than those in the lowest quartiles.

When you consider that so many of the new cases of HIV/AIDS are in poor countries, the relationship
of nutrition to the disease is all the more important. In these countries, drugs for HIV unavailable, and many
people are under- or malnourished. Giving them nutrient supplements such as calories, protein and vitamins and
minerals can slow down the progression of the disease as well as death from AIDS (Fawzi, 2005).

Weight and body composition

Weight loss and wasting are common problems in HIV+ individuals, even those using HAART (Mangili, et
al., 2006), and is associated with increased morbidity and mortality in HIV-infected people.

One of the most prevalent problems in people with AIDS is weight loss and muscle-wasting, a classic
sign of malnutrition and *“wasting syndrome,” which CDC defnes as an involuntary weight loss of 10 percent
or more, with concomitant fever or diarrhea of more than 30 days duration, without other known etiologies.

In those individuals with AIDS, opportunistic infections and tumors are responsible for a large majority of the
severe weight loss seen in AIDS (Kotler, 2004).

For those individuals on HAART, it is more common to see a gradual loss of lean body mass accompanied
by cachexia and increased resting energy expenditure (Roubenoff, et al., 2002). After studying 172 HIV-infect-
ed men treated with HAART, Roubenoff concludes that severe weight loss is rare, but that the loss of lean body
mass is due to an increase in catabolic cytokines and not from inadequate intake.

There is evidence that all HIV-infected people have an increased metabolic rate. Grunfeld compared the
resting energy expenditure (REE) of control subjects with HIV+ individuals, AIDS patients and AIDS patients
with a secondary infection (1992). He found that REE was increased over the controls in all groups by 11, 25
and 29 percent, respectively. Caloric intake was similar in all groups, except for the AIDS patients with a sec-
ondary infection who ate 17 percent fewer calories than the others and had a 5 percent weight loss. No other
group lost weight. Melchior (1991) also found a metabolic increase — 14 percent — in malnourished stable
AIDS patients, compared to controls.

In a study of HIV+ individuals living in the Boston area, Mangili and colleagues (2006) studied 