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Introduction

Since the acknowledgement and the acceptance of immunology as a branch of
medicine at the end of the 19th centure, it has grown at a steadily increasing rate and
has become diversified into special fields such as immunochemistry, immuno-
genetics, and immunopathology.

With the development of the health care systems, health care professionals
realized that there was an urgent need to promote an improved sense of wellbeing and
quality of life, and from this, preventive medicine emerged. Early work on
immunology belonged to preventive medicine through the work of Edward Jenner,
an Enghsh physician (1749-1823), who performed the first effective immunization
against smallpox. Nonetheless the scientific approach was not applied to the study of
immunologic phenomena until, almost a century later, Louis Pasteur (1822-1895)
and his collaborators mveSUgated the possibility of protecting against infection by
vaccinations with attenuated strains of micro-organisms.

With the growing concern about foods which might contribute to major disease
problems, investigators have been searching for the link between nutrition and
immunology. Much of the initial work on nutritional modulation of immune
responses originated in developing countries where both malnutrition and infection
constitute a substantial problem, particularly among younger age groups; but the
principal findings are applicable to other age groups and to other regions of the
. world. Today, many reviews and investigations have summarized the available
_information regarding nutrition and immunology.
~ This chapter will deal with the significant role of nutrition in immune function,
~-and its role in promoting immunocompetence.

- The nature of immunity
A§ long as we live, we are continuously exposed to a large variety of infectious
microbial agents — viruses, bacteria, rickettsia, fungi and parasites. For the
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maintenance of homeostasis and health, our bodies are provided with a defence
mechanism called the immune system.

The immune system constitutes a large part of our body compartments. Like the
endocrine system, it exerts control within the body by virtue of circulating
components capable of acting at sites far removed from their point of origin. A
normally functioning immune system is an effective defence against foreign particles
such as pathogenic microbial agents and against native cells that have undergone
neoplastic transformation. Defective function of the immune system results in

disease.

Innate and adaptive immumnity
Functionally, the immune system has two divisions: the innate immune system and

the adaptive immune system. Innate immunity acts as a first line of defence against
infectious agents and most potential pathogens are halted before they establish overt
infection. If these first defences are weakened, the adaptive immune system is
activated and produces a specific reaction to each infectious agent which normaily
eradicates that agent. The adaptive immune system also remembers the infectious
agent and can prevent it causing disease later (see Figure 1). For example, diseases
such as measles and diphtheria produce life-long immunity following an infection’.
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Figurel. Simplified scheme of the innate and adaptive immunity. (Modified from Male D and Roitt I,
1989%).

Immunity to infection _
Immunity and infection are inseparable. The scientific discipline of immunology was
born of the study of how animals, by natural or artificial means, become immune t0
microbial infections and toxins. Since we live in a world filled with microorganisms;
we are always in contact with bacteria, viruses, fungi, rickettsia, and a diversity of
other parasitic or potentially parasitic life forms. Considering the continuous nature
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of our encounters with micro-organisms, it can be imagined that our bodies receive
persistent immunological stimulation.

Hpst defences against infection are at once local and systemic, non-specific and
specific, humoral and cellular. It is difficult to identify any infectious agent that
challenges single host defence mechanisms without affecting the other systems;
hence the concept of multiple host defences is crucial to our understanding o%
susceptibility to infection.

Immunity to viruses

Viruses are a common cause of infections and may lead to many kinds of disease
Normally, the host recognizes viruses as foreign molecules and initiates an effectivé
immune response which can prevent the entry of the virus into cells and its
re.:phcatlon and spread. The initial phase of this antiviral response is recognition of
v1.ra1 cormponents, particularly peptides, as foreign in the context of the major
histocompatibility complex (MHC) antigens on the surface of the antigen-presenting
cells. Once this recognition has occurred, a cascade of cellular and humoral responses
to distinct viral determinants is established?. These antiviral humoral and cellular
re_alctlons_compiement each other. The ideal results of the interaction of the virus
with the immune system is clearance of the virus, and host recovery and survival.

Viral infection. Viral infection starts with local invasion of an epithelial surface, and
then after one or more viraemic phases, results in infection of the target orgari for
e:;ample, the respiratory system or the nervous system’. Different viruses iI;fect
@ffeyent cell types, and this is partly dependent on how the virus receptors are
d1§tr1b1.1tec.1 on the cells. For example, the human immunodeficiency virus (HIV)
primarily infects T helper cells because it attaches via CD4.

Since different immunological mechanisms are effective against different forms of
. antigen (for example, intracellular or extracellular), the relevance of any particular
- mechanism will depend on the way the viral antigens and the virion are encountered

The relevance to protection or immunopathology of the various effector systems o%

t_E}e immune response therefore depends on the phase of the infection and on the
;}p_iqu of the virus. For example, antibody is only capable of directly binding to
xtracellular viruses; antibody in association with complement (CI-C9) can cause
ys;s.of ce!ls carrying vil_"al antigens, or directly damage enveloped viruses; the cell-
_ diated immune reaction (cytotoxic T cells, antibody-dependent cytotoxic cells) is
otentially effective against intracellular viruses, which are recognized by the
sence of viral antigens in the membrane of the infected cell.

ls:and B cells. To stimulate an adequate immune response, T cells must first
1!C_{n‘:lze.the antigen as foreign. T cells recognize antigens in the presence of MHC
ecules expressed on the cell surface. It is well documented that many cytotoxic T
ocytes (CTL) are CD8", and are dependent on MHC class I recognition for
ytotoxic activity; while T helper cells are CD4', MHC class II-restricted

e:a positive effect on B cell proliferation and differentiation. ’

iStbcompatibility complex (MHC ) molecules. All T cell reactions are kn
) own t
IC ‘dependent. MHC molecules are cell surface proteins determining thg
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specificity of the cellular immune response. Antibody can bind to free virus, whereas
T cell receptors recognize foreign antigens only when they are associated with an
MHC molecule.

Viruses have the ability to induce the expression of MHC class I surface antigens,
for examsple, neurotropic COronavirus infection* and chronic hepatitis B virus
infection”’.

Class II MHC antigens are expressed on the surface of macrophages and B
lymphocytes. They are responsible for antigen presentation on antigen-presenting
cells. T helper cells recognize foreign peptides only in association with class Il MHC.
molecules, for examples, in cytomegalovirus infection®.

Antiviral effects of antibody. The antiviral effects of antibody are exerted via the
following pathways®: (1) blockage of the critical sites of the virus surface; (2)
collaboration with complement (in classic or alternative pathway) in neutralization,
by coating the virus, or by lysing those with lipid membranes. Antibody is only
capable of directly binding to extracellular viruses. IgG and IgM antibodies are
limited in their actions to plasma and tissue fluids, whereas secretory IgA may
protect epithelial surfaces and is therefore particularly important in protecting
against viruses which lack a viraemic phase.

Antiviral effects of cytokines. ‘Cytokine’ is one term for a group of protein cell
regulators, variously called lymphokines, monokines, interleukins (IL) and inter-
ferons (IFN), which are produced by a wide variety of cells in the bedy, play an
important role in many physiological responses, are involved in the patho-
physiology of a range of diseases, and have therapeutic potential’. Classically,
interferons are secreted glycoproteins which can be divided into three general
subgroups (IFNe«, IFNp, and IFNYy) depending on their sequence, physicochemical
and biological activity, and their cellular origin. IFN« is secreted from leucocytes,
IFNB from fibroblasts and other non-immune cells, and IFNy primarily from T
Iymphocgtes and macrophages in response to stimuli from viruses and other
antigens®.

Recent published work suggests that interferons may have various antiviral
activities. Their antiviral effects are exerted via several pathways which include the
following:

(1) Increased expression of class I and class II MHC glycoproteins facilitating
recognition of viral antigens by the immune systeim. :

(2) Activation of cells with the ability to destroy virus-infected targets; these include
natural killer (NK) cells and macrophages. IFNB also stimulates B cells.

(3) Direct inhibition of viral replication.

Interferons can have an antiviral effects with or without inducing antibody
production. For example, in vesicular stomatitis virus (VSV) infection, adminis-

tration of IFNy enhanced the production of virus-neutralizing antibodies’; in
hepatitis A virus (HAV) infection, patients showed the induction of virus-specific T
cells which were found to secrete human IFNy and to be cytotoxic against HAV-

infected fibroblasts'’.
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In _add:mon to interferon, another group of soluble cytokines is involved in
anqwral immune responses. These are interleukin-1 (IL-1) which is produced by
antigen-presenting cells, and IL-2 which is produced by T cells. IL-2 has a positive
effect on the proliferation of T cells and previously stimulated B cells. It is also clear

“that another cytokine, tumour necrosis factor (TNF), plays an important role in

immune regulation. Tumour recrosis factor consists of polypeptides synthesized -
gnmarlly by mgcrophages, but also B cells activated by various inducers such as
lipopolysaccharide, tubercle bacilli or viral infections. Tumour necrosis factor exerts
several antiviral activities which are similar to those of IFNy, but apparently work
through a separate pathway. The induced antiviral effects of tumour necrosis factor
towarfis several animal viruses occur either alone or in combination with other
cytokines. For exan}ple, tumour necrosis factor is able to protect human WISH cells
from the gslrtopathlc effects of vesicular stomatitis virus by enhancing IFNp
production™; and human IFNy and TNF exert a synergistic blockade on the
replication of herpes simplex virus'2.

Autoimmunity. Viruses have long been supposed to induce an autoimmune response.
Some of the res.ulting immune responses may be directed against self antigens.
Several mechanisms have been proposed to explain virus-induced autoirnmune
response, these are?: (1) autoimmunization by antibody which is secreted by viral-
!nfected B cells; (2) autoimmunization with tissue proteins released from virus-
infected cells leading to autoantibodies or generation and expansion of self reactive T
cell _clones;_and (3) molecular mimicry. For example, the retrovirus can initiate
autoimmunity, which may lead to rheumatic and connective tissue disease;
infection with Epstein-Barr virus can lead to infectious mononucleosis which hag
autoimmune potential; and coxsackie B virus infection is associated with auto-
antibodies directed against cardiac myosin. -

Immunity to bacteria

Interest in immunity to bacterial infections has a long history. Nowadays many
bactt_ana infections are well controlled, in some cases as a result of immunological
studies. However, several bacterial infections still cause major health problems
because of their intimate relationship with the immune system, for example
tuberculosis and leprosy. ’

| Non-specific barriers. The body’s defence against pathogenic bacteria consists of a
variety of specific and non-specific mechanisms. The non-specific barrier to

infection, before entry into the tissues, consists of intact skin, cilia on the epithelial

‘surface of the trachea, the flushing mechanism of the urinary tract, pH changesin the
‘stomach and vagina, and commensals occupying particular ecological niches and
_._S}Oppmg pathogens from gaining access.

11:;8 antibacterial effects of antibody and complement. The sequence leading to an
ectious disease caqsed by bacteria can be divided into the following steps: (1)
::dtt‘_cl_ctlment; (2) proliferation of organisms and avoidance of phagocytosis; (3)
- damage to the host; and (4) invasion or (5) toxin production.

- f\ntibody has antibacterial effects that operate at different points®:
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(1) Antibody to fimbriae, lipoteichoic acid and some capsules block attachment of
the bacterium to the host cell membrane.

(2) Antibody can trigger complement-mediated damage to the gram-negative outer
lipid bilayer.

(3) Antibody directly blocks bacterial surface proteins which pick up useful
molecules from the environment and transport them across the cell membrane
(eg for iron-chelating compounds).

(4) Antibody to M proteins and capsules opsonizes the bacteria via Fc and C3
receptors for phagocytosis.

(5) Immunorepellents — factors which interfere with normal phagocytosis and may
be toxic for leucocytes — are neutralized.

(6) Neutralization of bacterial toxins occurs, eg tetanus and diphtheria toxins.

(7) Antibody will neutralize spreading factors such as enzymes, eg hyaluronidase.

Pathogens enter host cells either by invasion or by phagocytosis, which are both
receptor-mediated endocytotic processes. Phagocytosis is accomplished by pro-
fessional phagocytes and is assisted by opsonizing antibodies for which complement-
ary receptors exist on the cell surface of professional phagocytes. These are Fc
receptor for immunoglobulin and the C3bi fragment (CR3). However, certain
bacteria exhibit antiphagocytic mechanisms, for example, inhibition of phagocytosis
by streptococcal M-protein®.

The level of the defence mechanisms in a bacterial infection is related to the nature
of the organism and the disease caused. For example, in Corynebacterium diphtheriae
and Vibrio cholerae infections, neutralizing antibody is probably sufficient for
immunity, depending on toxin production; in Gram-negative infection, eg N eisseria
meningitidis, antibody and the lytic pathway of complement will be needed to kill the
organism; in Gram-positive infection, eg Staphylococcus aureus, opsonization by
antibody and complement play a significant role in facilitating the killing of the
organism by phagocytic cells. .

Lysgsome

Fig%u'e 2 Simplified scheme of important events that can happen when a microbe meets 2 host cell: (1)
f\cu‘rat:'on of the alternate complement pathway and binding of C3b. (2) Adherence of microbes' via
interaction of‘ bound C3b with its receptor, CR1, on the surface of professional phagocytes. (3) C3b—
CR1 interaction triggers phagocytosis. (4) Inactivation of bound C3b via binding of factor H by
“streptococcal M-proteins inhibits phagocytosis. (5) Direct binding to CR3 and other cell adhesion
- Teceptors. (6) Binding of a microbial protein, invasin, to a yet unknown ligand on the cell surface
'fnduc.es endocytosis. (7) Invasion of non-professional phagocytes occur via endocytosis. (8) After
invasion and phagocytosis, microbes end up in a phagosome. (9) Activation of reactive oxygen
mg%abghtes. (10) Fusion with lysosomes results in killing of many microbes. (11} Microbial molecules
I_pch interfere with these events facilitate survival in the phagosome. (12) Evasion into the cytoplasm

by means of listeriolysin, also facilitates intracellular survival. (13) Stimulation of CD4 T cells b;r
_:C;oh.lal products plus class I MHC molecules. (14) Macrophage activation by interleukins from CD4
1s. (15) Association of products from intracellular pathogens with class | MHC molecules stimilates
D8 'Itcells. (16) Target cell lysis by CD8 T cells, ==& ,lysis; ~— ,leads to the next step
ctivation. (From Kaufamann, E., 1989'%). ) ’

The role of T cells and interleukins in an antibacterial action. T lymphocytes act as the.
potential mediators of protective immunity t0 intracellular bacteria. It is believed
that acquired resistance to intracellular bacteria is a function of both CD4and CD8 T .
cells, for example, participation of both CD4 and CDS8 T cells in tuberculosis and-
listeriosis'3. CD4 T cells recognize antigenic peptide in the context of MHC class I1,:
while CD8 T cells respond to MHC class I antigenic peptide. :

Toxins produced by certain bacteria can also stimulate the T cell response..
Examples are enterotoxins produced by certain strains of S. aureus which cause food
poisoning’*; and toxic shock syndrome toxin (TSST) produced by another strain of
S qureus’s. CD4 class Il-restricted T cells and CD8 class I-restricted T cells, as well.
as some v/d T cells, were found to respond to these toxins provided that the acces :
ory cells expressed class 11 molecules. These toxins are called ‘superantigen’, because.
they can stimulate T cells of different antigen specificity and genetic restriction. In
contrast, broad T cell activation can contribute to pathogenicity. For example, toxic
shock syndrome toxin causes the toxic shock syndrome by activating secretion of

tumour necrosis factor, and polyclonal T cell stimulation may result in high levels
this interleukin.

5o,

Another cytokine, IFNy, has recently been shown to activate tuberculostatic
g_(:i_tly in murine macrophages in pitro'®. It also seems to be active in wivo, for
nple, against L. monpcytogenes”. In the human, it is possible that monocyte

élson‘()f mycobgcter.lal growth inhibition is accomplished by IFNy indirectly
25-dihydroxyvitamin D3'®1?, The simplified scheme of interaction between a
e and a host cell is seen in Figure 2.
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Autoimmunity. Certain strains of streptococci, for example group A streptococci, can
produce M-proteins, which are considered to be antiphagocytic factors, and hence
are of major relevance to virulence. M-proteins, however, do not only contain
protective epitopes but also contain epitopes which cross-react with human tissue,
and antibodies against these have been implicated in the pathogenesis of the post-
streptococcal autoimmune diseases, rheumatic cardiac disease and glomerulo-
nephritis; in addition, cytolytic T cells may be involved.

Heat-shock proteins, products of certain bacteria (eg M. tuberculosis and M.
lepraey*®?*, provide a possible link between infection, protection and autoimmunity.
Heat shock proteins are induced by a variety of stress conditions including not only
heat, but also attack by reactive oxygen metabolites, anaerobic metabolism, or
deprivation of nutrients, essential jons and metabolites??, These molecules could
then be subjected to intracellular processing and could be presented in the context of
MHC molecules on the surface of infected cells. Increased titres of antibodies to

autologous heat-shock proteins have been found in several autoimmune diseases, for
example, systemic lupus erythematosus®.

Immunity to fungi.
Immunity to fungal infections is thought to be similar to that involved in resistance to

bacterial infections. Cell-mediated jmmunity is predominant in resistance to fungal
infections since patients develop a delayed-type hypersensitivity reaction to fungal
antigens, and the occurrence of chronic infections is associated with a lack of these
creactions. Nevertheless, in protection against systemic fungal infections, granu-
Jocyte function, cytokine production by natural killer and other cells, the
complement system, and possibly humoral immunity may be more important.

Natural cellular defences. The three host cell types that are important in attacking the
fungi are the neutrophils, the moncytes/macrophages, and the natural killer cells®,
For example, C. neoformans activates and binds C3bi and this opsonization is
essential for phagocytosis of encapsulated cryptococcal isolates by neutrophils and

monocytes/macrophageszs; the human blood monocyte -glucan receptors which
bind C. albicans blastoconidia may influence subsequent phagocytic response 6. and .
natural killer cells can inflict damage directly on cryptococcal cells?” and indirectly.
on C. albicans®®. Natural effector cellular defences may be intensified by cytokine. -
For example, human neutrophil activity against Torulopsis glabrata and C. albicans -
can be augmented by pretreatment of the neutrophils with tumour necrosis factor?;

IL-3, granulocyte/macrophage colony-stimulating factor (GM-CSF), and macro

phage colony—stimulatigg factor (M-CSF) can also potentiate the anticandidal :

activity of macrophages™.

The antifungal actions of T cells. Cell-mediated immunity is a crucial host resistance
mechanism against systemic mycotic infections. Many studies have been performed.
to investigate the T cell responses against fungi. In human subjects who had

recovered from cryptococcosis, cryptococcal antigen-reactive T cells would prolife

ate in response to a soluble culture filirate antigen’'.
IFNy would also amplify the immune protective mechanism; for example,
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capsulatum-reactive T cells produce IFNvy which i ;
4 [ v which in tarn activates
restrict the intracellular growth of the H. capsulatum yeast cells*, macrophages to

{{ mmunity to protosoa
ecent progress in molecular biology has enabled the development of vacci i

agw . - = - a
some of the_most debmtapng parasitic disease. For exampléj in malariacgj];%unjgeaing}
genes encoding the potential vaccines have been cloned, expressed and characterized. It
is gdeneraliy_reahzed that 1_:hls contemporary development cannot be separated from l-:he
understanding of the basic rules governing the effector mechanisms in these diseases.

Effector mechanisms. Various Kkinds of effector cells such
neutrophils, eosinophils, and even platelets help defend the host a;:ingﬁ:\?apslil:l% ?JS,
parasites and act to control the multiplication and spread of parasites alread 1:3;
residence. The antiparasitic activities of these cells are enhanced by interaction \iith
cy;gl;u;;s rielqased by 1othegI tyl;es of cell in response to infection.

gle immunological effector mechanism acts in isolation; i
terms, humo;al antibody is expected to be effective in neutra?it:i)xrllgj at;]:c: g;s%re;l ?.;ai
pathogens which have life-cycles involving recirculation in the blood or the lympﬂ 1§
contrast, pathogens which are predominantly intracellular (particularly inside ;:he
i:ells of the macrophage lineage) should be more susceptible to cell-mediated
immunity, involving 'Ehe secretion of lymphokines by specific T cells and the
acn\{auon_of phagocytic cells or killer cells. For example, in leishmaniasis, cell-
mediated immunity rather than specific antibody plays the major role in the hjosts’s
resistance against both the cutaneous and the visceral forms of the disease

The antiparasitic effects of T cells. The relative im

. _ j . . portance of CD4 versus CD8 T

gl 51812.-[)1?01202031 immunity has long been controversial. In malaria, both CD433c:r1113
'g‘_cells are crucial for host protection. The former are important at the blood

stage of infection and qnubpdy synthesis, whereas the latter are essential at the

i};ﬁ;oiz;ﬁti% _sttage. In murine visceral leishmaniasis, depletion of either CD4or CD8 T

_ its protective immune response 1
required for effective immunity®, porises, sugsesting that both cell types are
Recently, studies are emerging on the important role of CD4 T cell subsets in

. . 1.
protozoal immunity™®. CD4 T cell clones can be separated into two subsets

depending on the lymphokines they produce following stimulation®’. One subset

- designated T helper (Ty)1 i

~ desi , produces IL-2 and IFNYy, while the oth

_.: -de(si%}ated Ty2, produced IL-4 and IL-5. Several otherylymphokinZs:)suz; zgtl’f-t?:

. ?lnxf ; M-CSF, appear to be produced by both cell subsets, although in some cases in
erent quantities. Tyl and Ty2 have different functions. For example, in

scutaneous leishmaniasi i i i i
i asis Tyl mediates resistance while T2 mediates suscepti-

The antiparasitic effects of anti i
. i tbody. The mechanisms b i i i
Qntrols parasitic infections are as follows®®: s by which specific antibody

Antibody can act directl .
; X . ¥ on protozoa to damage them, eith i
Interacting with the complement system. # > either by self or by
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(2) Antibody can neutralize a parasite directly by blocking its attachment to a new
host cell. _

(3) Antibody can enhance phagocytosis mediated by Fc receptors on macrophages.

(4) Antibody is also involved in antibody-dependent cytotoxicity, for example, in
infections caused by T cruzi.

The role of cytokines in protozoal immunity. It is well documented that IFNy has a
protective role in malaria®’, Chagas’ disease*! and toxoplasmosis*?. The protection
shown by IFNGJ is probably through the activation of macrophages which form a
hostile environment to the intracellular parasites.

Tumour necrosis factor, which is produced by macrophages, also has protective
effects against parasitic infections. For example it can suppress P.chabaud: adami
infection in CBA mice*?, while treatment of macrophages with recombinant tumour
necrosis factor plus lipopolysaccharide results in a significant reduction in the
number of intracellular organisms in experimental T. cruzi infection compared with
mock-treated macrophages**.

It has now been shown that recombinant GM-CSF (tGM-CSF), which shares no
sequence homology with IFNS, is also a potent activator of cultured human
monocyte-derived macrophages and induces the intracellular kiling of Leishmania
donovani® and T. cruzi*® in vitro, although it was less potent and less effective than

IFNy in this system.

E

Immune suppression. Chronic parasitic infection may also lead to immune sup-
pression. For example, mice infected with T. crusi generally develop abnormal
immune suppression which has been variously attributed to suppressive macro-
phages, suppressor T cells, deficiency in IL-2 production or suppressor substance?’;
and the induction by IFNS of MHC class 1L expression by L. donovani-infected
macrophages was markedly suppressed*. It was proposed that the failure of infected
cells to express MHC anti4gen in response to IFN® is mediated at the level of MHC

class II mRNA induction®.

Immunity to Helminths

In common with all other branches of infectious disease, studies of immunity to
helminths have been revolutionized by the application of molecular biology,
molecular genetics and molecular immunology. Parasitic worms that infect man
include trematodes, for example schistosomes, some cestodes (tapeworms), some
nematodes such as Trichinella spirals, hookworms, ascaris and the filarial WOLInS.
Tapeworms and hookworms inhabit the gut, while adult schistosomes live in the

blood vessels.

TImmune response to helminths. Increased immunoglobulin E (IgE) levels and blood.

and tissue eosinophilia are characteristic of the immunology of helminth infection™;
both responses are under T lymphocyte control. Two lymphokines, designated IL-4.
and IL-S are responsible for IgE production’! and eosinophilopoiesis respectively-
Tt can be concluded that the increase in IgE and the eosinophilia in worm infestations
like schistosomiasis and ascariasis are T-cell-dependent.

There have been several publications on the T cell responses of individuals with.
parasitic infestations compared with those of individuals who, despite living in the;
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same endemic area, have no infestations (and are therefore presumably immune)®?
For example, Nutman et al.>® found that symptomatic individuals infected with
lymphatic filariasis had defective T cell responses (in terms of IL-2 and IFNd
production) when their cells were exposed to parasite antigen. Ward ez al.** likewise
;?;}\fedltilazt non;lmfe_cted s;.llbiectsuin an onchocerca-exposed population exhibited
er IL-2 production when cells i i i i
D ity g; o were pulsed with parasite antigen than did
Since many parasitic worms pass through complicated life cycles involving
migration through various parts of the host’s body and development of different
stages in different organs before they reach the site where they finally mature and
spend the rest of their lives, different kinds of cell and antibody may act at different
stages in the life cycle®. For example, eosinophils are more effective in killing the
newborn larvae of T. sprralis than other cells, macrophages are more effective against
the n_ucroﬁlanae, and in each case antibody mediating the reaction is stage-specific
It is glso well established that complement plays an essential role in immunity tc.)
parasitic worms through its interaction with specific antibody via the classical
patl_lway. Several parasites, including adult worms, infective larvae of T. sprralis and
schistosomules of S. mansont, activate the alternative pathway directly.

I mmune suppression. Parasitic worms can cause disruption of lymphoid cells or tissue
directly. For example, newborn larvac of T. spiralis release a soluble lympho-
cytotoxic factor; and schistosomes can cleave a peptide from IgG that inhibits many
ce;llular immune response. S. japonicum infections are associated with profound
disturbances in host immune responsiveness and Yamashita et al.*® have described
the mechanisms of disturbed T lymphocyte function in mice in terms of alteration in
the IL cascade reaction. Although production of IL-1 remained essentially normal
responsiveness to IL-1 decreased during infection, and both the production and thé
responsiveness to IL-2 declined dramatically within a few weeks of infection.

Malnutrition and immunodeficiency

Sml;ply _dfaﬁned, malnutrition means poor nutrition, but in the broader sense,
malnutrition may take many forms, inciuding excesses as well as deficiencies of

. body nutrients. Both deficits and excesses ma i i i i

_. / ts y be generalized, involving multiple
nutrients, or they may be limited to one, or only a few, of the many nufrients gle

-body needs to maintain normal health and body composition.

Generalized malnutrition is a common cause of acquired, correctable immune

System dysfunction. Infectious diseases are extremely prevalent in children with
._elther the marasmus or kwashiorkor forms of generalized malnutrition.

Among the immunological changes noted, cell-mediated immune response is most

. consistently and profoundly affected by undernutrition. All of the lymphoid organs are

trophied and depleted of lymphocytes. The extent of these mo i
_ : . Th rphological changes ma
ual that seen in primary cellular deficiencies. Reduction in tonsil size is g usefu);

gsidf_: indicator‘ of malnutrition. The proportion and absolute number of T cells
cognized by their ability to form rosettes with sheep red blood cells are decreased and

\ é‘_rrelateezl ;ﬁgith reduction in lymphocyte transformation response. The ‘null’ cells are
eased”®. Th'e‘ 1mmun010glca1' changes associated with various degrees of protein-
Igy malnutrition are summarized in figures 3,4 and 3, and table 1.
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Figure 3. Immunological changes associated
with severe protein-¢nergy malnutrition (weight-
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incidence of dysfunction of the major parameters
of immune response is shown. (From Chandra
RK, 1981.%6)
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no apparent interaction. In synergi
malnutrition, whereas antagonistic

than would be expected in a malnourished host.
become more severe with malnutrition, nutrient

The effects of malnutrition on infection may be synergistic, antagonistic, or show
stic interactions, infections are made worse by

interactions occur when an infection is milder
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Table 1. Summary of the effects of protein-calorie malnutrition on immune function.
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ccause the host-immune reaction that normally produces disease s i
ugilzirelssed. Vlruso?:s3 for example, must use metabolic processes of theyllll(l}s)it:(::r?l? tlg
ply, and nutritionally deprived cells may not contain the nutrients needed for
pr_ohfeyanon. Pargsues such as malaria may also be less able to multiply when
i;uent is malnounshf:d: Tuberculosis may be acutely exacerbated by feeding
g people; the body’s inflammatory reaction to the tubercle bacillus, which is

Although most bacterial infections
deficiencies have attenuated some

viral infections. The generalized weakening of host defensive mechanisms, including
ctions. Antagonism occurs

for available nutrients and

those of the immune system, can explain synergistic intera
because host cells and invading micro-organisms compete
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In this context, it is also worthwhile distinguishing between the acquired
immunodeficiency resulting {rom starvation and that arising in acute iliness or
injury. Malnutrition due to starvation produces different effects on metabolism and
body composition from those due to illness or injury, and this difference profoundly
affects susceptibility to infection. During uncomplicated starvation, extensive
metabolic changes serve to conserve body protein stores. Metabolic rate is reduced,
nitrogen is conserved, and the use of body fat as a source of energy is increased.
Because protein is conserved, immune system competence and resistance 1O
infection persist until starvation is greatly advanced.

In contrast, the extreme body wasting (cachexia) caused by acute illness or injury
is associated with rapid protein breakdown and a concomitant weakening of
resistance mechanisms. Metabolic rate and loss of body mitrogen increase, and large
quantities of gluconeogenic amino acids are metabolized to produced glucose,
branched chain amino acids are oxidized in muscle cells to produce energy, and the
metabolic destruction of tryptophan and phenylalanine is accelerated. Such
diversions of free amino acids reduce their availability for the synthesis of new
proteins. The adequacy of immune functions and other host defence mechanisms
ultimately depends on the ability of body cells to synthesize a variety of new proteins.
But protein synthesis is impaired when the supply of free amino acids is inadequate
or when an imbalance exists among the essential free amino acids. Thus, when
overwhelming disease or trauma causes SCVEre generalized malnutrition, the
resulting deficits of body protein and free amino acids can be linked directly to a
depression in host resistance. In short, the metabolic consequences of fever and loss
of appetite lead to poor nutritional status, deficits in immune system compelence,
and an increased susceptibility to infectious disease within a relatively short time.

High risk groups of malnutrition acquired immunodeficiency

In infancy and childhood
Malnutrition is the most prevalent nutritional disorder of children, and represents 2

major public health problem in developing countries. In the so-called developed
countries, protein-energy malnutrition (PEM) can still happen in certain groups of
children, for example those living in institutions.

Infants with protein-energy malnutrition are prone to develop serious, often life-
threatening, infectious disease, particularly diarrhoeal disease. Early studies indi-
cated that the immunocompetence of infants with protein-energy malnutrition was
compromised significantly®’. Among the changes documented are impaired delayed
cutaneous hypersensitivity; decreased levels of haemolytic complement and C3; low
lymphocyte response 1o phytohemagglutining and decreased secondary antibody
response to antigens. These conditions can lead to increased morbidity and mortality
in infants and children, and thereby magnify the demand for medical services.

In adolescence
‘Adolescence’ is characterized by a marked increase in growth rate, which is often

referred to as the ‘adolescent growth spurt’. This phenomenon is accompanied by
marked changes in body size, and also in energy requirements to provide for growth
and for the metabolism of the additional tissue.
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'As well as having increased energy requirements, adolescents are prone to the
misuse of tobacco, alcohol and drugs which can elicit nutritional deficiencies, as can
the common affliction of acne (see section on ‘age-orientated preventive nutrition in
adol;scence ). Undernutrition in individuals, irrespective of their age, will depress
the immune f}mctmn. Some health problems in adolescents invoivi,ng immuno-
competence will be discussed here.

Overweight and obesity. Early studies reported an increased incidenc i
infections and postoperative sepsis in the obese, often resulting in rggfer;igigﬁggl
hospital treatment. For example, Holley et . reported that obese patients are
more prone to suffer from postoperative wound complications than non-obese
patients. Infection is a frequent primary or contributing cause of death in the obese
_ Obese persons may manifest micronutrient deficiencies, particularly zinc and
iron, and this condition may influence immunocompetencefg. Hyperlipidaemia is a
frequent complication of obesity, and high lipid levels may affect immune responses
'Seruiltl: cc;ntmr;lmg high levils of cholesterol and low-density lipoproteins can inhibii
in pitro lymphocyte transformation res i i
pol%inorphonuclear o ponses to mitogens and phagocytosis by
ere is much evidence of a relationship between weight reduction i
and eﬁghancement of immune response. A study condgcted by Mcl\rlflu:rf; f:z? Z(I)pilg
1990°” cqncluded that long term energy restriction in obese patients is associa!.ted
with §1gmﬁcant effects on in vitro lymphocyte stimulation and on normal neutrophil
function. Improvement of immune function has also been observed in 22 morbidl
obese patients after gastric bypass and weight loss®. Y

Alcoholism

Earl_y studies showed t_hat alcoholics had a greatly increased liability to infections

parueglarly pneumonias, and a greater mortality rate when infected. Mam}i

glvesqga'gors have noted subsequently that there is an increased incidence of various
acterial infections in alcoholics. Numerous factors are responsible for the decreased

. resistance qf alcoholics to infections. Although the immune system may be
" suppressed in alcoholic liver damage or malnutrition, excessive alcohol alone may

- damage the immune system® i :
disturbances: system®2. Heavy intakes of alcohol may cause the following

i) Alteration in the production and turnover rat i

_ _ es of lymphocytes in the thymus or
spleen, or both, with a resultant shift in the relative concentrationg of the
: ls{mphocyte subpopulations (B cells and T cells).

%) %{Igmﬁc_ant reduction of the circulating T lymphocyte counts®®,

) ac?\:}grmn of B-endorphins in the brain with concomitant depression of killer cell
4) | {ynilitﬁ;ign of c§11~r}1ed1‘ta};tied immunity which is manifested by impaired delayed
: ersensitivity; this may contribute to the high i
5.. it gh prevalence of tuberculosis
: ):, uppression of antiviral immunity®.

y. studies have also shown that alcohol may contribute to granulocytopenia
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(probably the result of a combination of diminished marrow white cell reserves and
increased utilization of granulocytes at the site of infection); impairment of
granulocyte adherence and mobilization; depression of neutrophil chemotaxis in
vitro; and transient decrease in the in vitro bactericidal activity of serum against
certain Organisms. '

Other factors favouring infections in alcoholics are folate deficiency, protein-
energy malnutrition, liver damage, pulmonary dysfunction, depression of the cough
reflex, and impairment of reflex closure of the glottis.

In elderly people )
Elderly people represent a growing proportion of the world’s population, and they

will present a major challenge to health-care policy makers and providers in the
future. In 1980 there were 370 million persons worldwide aged 60 years and over,
representing 8.5% of the world’s total population. Their numbers are
projected to reach one billion by the year 2020. This increased survival of
populations to later life is more evident in developing regions. By the year 2020,
72% of the elderly population are expected to live in developing countries®. Table 2
characterizes the population projection in the developed and developing countries in
the year 2000. Aging is accompanied by a variety of physiological, psgrchological,
economic and social changes®’ that may compromise nutritional status 70 and by
illness, problems with drug-nutrient interaction, and lack of precise information

regarding nutrient requirements’".

Table 2. World population projection.

Year Total population Population Percentage
(millions) 65+ years 65+ years
Developing countries
1980 3284 129 3.9
2000 4297 229 4.7
Developed countries
1980 1131 129 1.4
2000 1272 167 13.2

(Source: Age and sex composition by population by country, 1960~2000. New York, United

Nations, 1979).

PHYSIOLOGICAL CHANGES
The following physiological changes occur with aging:

— The sense of smell, and possible of taste, decreases with age. These changes may
result in decreased appetite as well as impaired utilization of nutrients and

limitation of function.

— Dental problems, common in old age, decrease the ability to chew certain foods.

42

Nutrition and immunity

— Physical disabilities in the elderly, such as diminution of visi i
e s ision, may make eating
— Decreased physical activity also may predispose elderly peopl
toth
PR p y people to the development
— Changes such as osteoarthritis can affect mobilit
1a; v and decrease an old ’
ability to purchase and prepare food. oI pemmons
- M_alabsorppon may occur. This can be caused by a decrease or absence of gastric
acid secretion and by Interactions with medications commonly prescribed for
older persons. Haboubi ez al.”” reported that malnutrition in the elderly could be
S{g}l:sed -by odcaﬂl’; malabsorption due to small bowel bacterial growth.
— There is a decline in lean body mass’®, which is considered to b
glutamine synthesis™. ’ © the source of

PSYCHOLOGICAL CHANGES

The most common psychological factor affecting nutrition is depression, and is most
often related to chronic diseaes and to poverty, which are common among older
persons.

s e

ECONOMIC AND SOCIAL CHANGES
Elderly people are prone to low income which results from retirement from the
Workfgrce, the effects of inflation on fixed incomes, death of a wage-earning spouse
or failing health. For the institutionalized elderly, although institutional food i;
likely to meet minimum standards for nutrient content, factors such as lack of choice
or hm'lted day-to—d_ay 'varieyy may increase the risk of inadequate consumption,.
_Iu,l(t):;l:?r%fess and social isolation in the elderly can also lead to inadequate nutrient
Given the declining nutritional intake, elderly people are at high risk of severe
mglm;grmon, both of macro- and of micronutrients, which then impairs their well-
be}ng , and subsequently causes increased morbidity and mortality’’. Considerable
“evidence documents an age-related decline in immune competence’®. Similar defects
5 _gzve‘ been observed in protein-energy malnutrition and zinc deficiency””*, and
N | ing:ilds E;;%f.nce that both may exist in the aged ill and perhaps even in healthy aged
- Protein-energy malnutrition in individuals of any age alters the proportion of T
_f:__e_ﬂ types, depresses T cell function, impairs delayed hypersensitivity reactions, and
Impairs thymic factor activity. Such changes are strongly associated with incréased
usceptibility to infectious disease®®*>%, for example, nosocomial infections with
espiratory tract viruses®***; and moreover, can reduce the efficacy of vaccination in
he elderly, for example, influenza vaccination®*.
If nutritional deficiencies are related to impaired immune function in older people
orrecting the deficiencies should improve it*®. Among older people dietar;z
'gillf;l%m; (Iilave b:len associated with improved antibody responses’ to viral
. sul;p ilzm?;‘gj ! ;5‘3,%‘3?931 Pave reported improved immune function as a result

t.ﬂéi(;ln and AIDS (See next chapter ‘HIV infection, AIDS and nutrition’.)
ghout the world there are growing numbers of cases of the acquired

43




Medical practice of preventive nutrition

immunodeficiency syndrome (AIDS). In the United States alone it is estimated that
more than 1.5 million people are infected with the human immunodeficiency virus
(HIV)®2, and globally, it is estimated that several times that number are infected.
Despite its recognition as a major world heaith problem, the management of the
patients with AIDS is still far from satisfactory. Recent advances in AIDS research,
including vaccine development, drug treatment, and the management of compli-
cations, have given hope for the future. Through the use of the newer drug therapies
and improved medical management, persons with AIDS are surviving longer.
Attention is currently also focused on the potential role of nutritional management
in AIDS, as malnutrition represents a frequent problem in persons infected with
HIV. It has been proposed that the timing of death in these patients may be more
strongly related to the degree of body cell mass depletion than to any specific

underlying infection.

Body composition studies

Protein-energy malnutrition is common in AIDS sufferers. The cause is multi-
factorial and includes conditions that lead to diminished food intake, alteration in
intermediary metabolism, and nutrient malabso tion®>. Weight loss is a prominent
feature of AIDS. For example, Dworkin et al.®* reported that 96% of 22 patients-
referred for gastrointestinal complaints lost a mean of 34 191b; somatic protein (mid-
arm muscle circumference) and visceral protein (serum albumin, retinol-binding
protein, and jron-binding capacity) were also reduced in HIV-infected persomns.
Since 1987, HIV seropositivity with wasting (weight loss of >10% over two months)

has been classified as AIDS by the Centers for Disease Control.

Pathophysiological mechanisms of PEM in AIDS
The pathophysiological mechanisms of PEM in AIDS include:

(1) Inadequate food intake caused by mechanical difficulties with eating, for
example, problems with chewing or swallowing due to diseases localized to the
oral cavity, pharynx, or oesophagus; or loss of appetite (anorexia) which may bea
side effect of various medications or a direct effect of increased release of
cytokines, such as TNF, IL-1, interferon, and others.

(2) Changes in intermediary metabolism, for example, elevated fasting hyper-
triglyceridaemia in patients with AIDS results from decreased lipoprotein lipase
activity, increased fatty acid synthesis and esterification, and increased lipo-
protein synthesis in the liver.

(3) Malabsorption caused by intestinal dysfunction. For example, diarrhoeal illness
occurs in more than 50% of people with AIDS®. Many studies have aiso
documented xylose and fat malabsorption in HIV-infected persons, even in the

absence of diarrhoea®®*’.

It can be concluded that deficiencies of both micronutrients and macronutrients

can affect persons with AIDS. As micronutrients are involved in immune function,

their deficiency may compound the clinical immune deficiency, rendering them

more susceptible to infection or exacerbating the severity of existing infections.
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Nutritional support for patients with AIDS

Given that severe malnutrition is likely to complicate AIDS, nutrition support may
contribute to an improved quality of life in these patients, although the actual impact
of malnutrition and its treatment upon the ultimate clinical course of the diseases is
still poorly undergst;ood. The primary goals set by the Task Force on Nutrition
Support in AIDS™ for good nutritional management are to preserve lean bod
mass, provide adequate levels of all nutrients, and minimize symptoms o}g
malabsorption. The approach to the nutritional management of patients with AIDS
should consider the following three stages: HIV seropositive but asymptomatic
underweight but stable, and actively wasting™. Special considerations must be iven
to growing infants and children and pregnant or lactating women. ¢

Nutritional conselling represents one of the major components of the management
of the individual who is HIV seropositive but remain asymptomatic. Nutritional
cou_nsellmg should include an understanding of the value of a good diet to protect
against exacerbation of nutritional complications. The ultimate goal must be to avoid
the development of protein-energy malnutrition.

The patient who is underweight but stable must also undergo nutritional
assessment. This consists of: diet history (past and present); calculation of nutrient
intake: anthropometric measurements such as weight, height, skinfold thickness
and nqd-arm circumference (to measure somatic protein stores); laboratory tests f012
anaemia (blood coqnt), and serurn albumin; functional measurements of muscle
power {eg hand grip strqngth); and measurement of short-term visceral protein
gfﬂ;ﬁr i(ﬁgg;u{l; remotl-gmgingth proteinlﬁand prealbumin) when protein-energy

suspected. Further speci i
malnutr malabsorp{)ion. pecific tests can be introduced for suspected

The same approach is also applicable for the patients with active wasting;
howeyer, a greater sense of urgency is required. For example, prompt treatment o%
infectious complications; and total parenteral nutrition for cases where nutritional
requirements cannot be met using the gastrointestinal tract.

anﬁcations to preventive nutrition
§ preventive nutrition represents a great potential strength of clinical it
ical nutrition
every efforts should be made to reduce the prevalence of acquired immunodeﬁcienc;r
caused by malnutrition. The goal is the reduction of infection rate, which acts as an
n_u'ilgli_l: of umnunod?ﬁmency, among high risk groups.
e spectrum of acquired immunodeficiency due to malnutrition has ch
! ‘ anged
:gbsiantlally along with the development of clinical nutrition, and now ranges fr%)m
e long established problem of immunodeficiency caused by protein-energy

{pa%nutrluon to the contemporary issue of obesity-induced immunodeficiency.
: .:the he 1?c];)p_e of prevention should involve primary prevention, which will promote
o d}ve -being of the community; secondary prevention, which may delay the onset
sease until a later stage, or reduce the effects of acquired immunodeficiency;

-and, even if both primary and second reventi :
- ana, 1 be iy :
- Vention will still be applicable. P are out of reach, tertiary pre

imary prevention
tritional education in the communi i
i : : nity represent the most important part of
Plimary prevention. Its aims should be as follows: P P
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(1) To maintain energy balance to prevent overweight and obesity.
(2) To reduce the consumption of fat.
(3) To encourage breast-feeding.
(4) To increase fibre and fruit consumption.
(5) To reduce alcohol consumption.
(6) To provide informatin on appropriate food handling and storage methods to
prevent outbreaks of food-borne disease®1%°,
(7) To ensure that food service personnel receive adequate training in sanitary food
handling and storage procedures.
(8) To encourage the development of new products that are free of substances
likely to induced allergic symptoms in susceptible individuals™.
(9) To encourage nutrition education in supermarkets, which are considered as
potential sites for public health nurition'®!.
(10) To provide adequate formal nutrition training for physicians, who constitute
the major source of nutrition information for persons over 65 years of age'®.

Secondary prevention
The aim of secondary prevention is to halt further deterioration resulting from

malnutrition-induced acquired immunodeficiency. Primary health care is involved
in secondary prevention. The measures that should be undertaken in secondary
prevention include the following: (1) a good diet history; (2) calculation of
nutritional intake; (3) identification of high risk groups and provision of corrective
nutrition where possible; (4) treatment of intercurrent infection as quickly and as
effectively as possible to minimize depletion of body nutrients®>'®; (5) regular
assessment of nutritional status in persons with infective illnesses, with appropriate
nutritional support measures whenever necessary”>>1%.

Future direction
It is obvious that nutrition plays a crucial role in promoting immune function. As

immunization represents an appropriate method of preventing various infectious
diseases by enhancing cellular or humoral immune responses, future studies should
be directed towards investigating the potential benefit of improved nutrition in
promoting immunization-induced immune responses. On the other hand, since
immunization itself can induee some functional alterations in the body, it may also be
important to examine the effects of immunization on nutritional state, both in health

individuals and in high risk groups. -

Conclusion :
Nutrition plays a significant role in modulating immunocompetence. Almost all

nutrient deficiencies can result in impaired immune function, and intakes of certain
nutrients in excess of recommended levels have been shown to enhance immune
responses compared to those observed with ‘adequate’ levels of the nutrient
Conversely, both acute and chronic inflammatory conditions, as well as infectious
and neoplastic diseases, result in metabolic changes in the host that can adversely
affect nutritional status.

As immunization has proved to be an effective way of preventing variou
infectious diseases, future studies should be directed towards investigating th
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benefits of nutritional support on immunization-i
: _ unization-induced cellular
immune responses, and vice versa. and humoral
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HIV INFECTION, AIDS AND NUTRITION
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Introduction

The diseases developing in people with human immunodeficiency virus (HIV)
infection have attracted great attention because of their rarity, severity and the
need to find and evalulate new treatments. Nevertheless, knowledge about the role of
nutrition in the development of symptoms in people infected with HIV and its
evolution to the acquired immunodeficiency syndrome (AIDS) is gaining import-
ance. In this short chapter I shall summarize current knowledge about nutritional
intervention in the primary care setting.

Wasting and malnutrition

The loss of body weight is the most common indicator of the evolution of HIV
infection in the absence of the frank development of AIDS-associated diseases'. In
fact, the association of protein-energy malnutrition (PEM) and HIV infection has led
some authors to view malnutrition as a co-factor of HIV in the development of AIDS
rather than a consequence of the infection itself®”. The characteristics of the
immune deficiency present during HIV infection are shared by PEM and some
diseases associated with AIDS are also present in severe malnutrition®.

The traditional division in three categories of the causes of malnutrition;
decreased dietary intake, intestinal malabsorption and inappropriate metabolism,
~ provides a useful analytical framework. People with HIV infection frequently
- present a decrease in food intake. In some, anorexia represents one of the symptoms
- of the difficult psycho-social adjustment to the knowledge of being infected with
" HIV. In others, avoidance of foods decreases the pain associated with chewing and
swaliowmg in the presence of oropharyngeai and oesophageal diseases. Consider-
ation must also be given to anorexia and nausea associated with many of the
medications used to prevent and control complications of the immune deﬁcwncy
For example, both zidovudine and pentamidine may cause nausea as a SLde-effect
Anorexia is also noted to be present during malabsorption and systemic infections®
The malabsorption present in some persons infected with HIV may be the result of
a primary enteropathy caused by HIV or the result of gastromtesunal infections
secondary to the immune deficiency’’»%, If AIDS enteropathy has just recently
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‘received recognition, intestinal infections are well documented. The most common
enteric pathogen seen in persons with AIDS is Cryptosporidium sp. Although not a
specific pathogen of immune-compromised persons, it also infects 1immuno-
competent persons causing a self-limiting diarrhoea, cryptosporidiosis is a frequent
cause of increased nutrient losses from the intestine'?. The frequent watery stools

evidently cause great disturbances and are difficult to control due to Hmited
therapeutic options. A more recently identified parasite Microsporidium sp., shares

this absence of a specific treatment. Another parasite, Isospora belli, causes profuse
diarrhoea but responds to pharmacological therapy'®. Other enteric pathogens
causing diarrhoea and malabsorption include Cytomegalovirus, Salmonella and
Shigella sp. and Mycobacterium avium intracellulare'?. So, enteric infections contri-
bute to the malnutrition of HIV infection by dramatically increasing nutrient loss
through exudative and secretory diarrhoea, by malabsorption of nutrients because of
villous atrophy and by blood loss in specific infections.

Alterations of metabolism has been shown during HIV infection. However, the
changes are not stereotyped. A gradual loss of body weight due to a hypermetabolic

state compatible with cachexia can be observed!?. But a starvation-like response with -

a decrease in the metabolic rate has also been reported'®. A mainstay of therapy in

chronic illnesses remains: malnutrition should be prevented to decrease the risk of
opportunistic diseases and their concurrent alterations of metabolism, and treatment

of intercurrent diseases should be aggressive 1o stop wasting. Treatment of CMV

infection with ganciclovir for example, was shown to reverse the body-mass .

depletion associated with this opportunistic infection'®.

Nutritional intervention

The management of nutritional needs of persons infected with HIV ranges from the -
basic nutritional evaluation and education, to the intensive care of parenteral -
gutrition. The aim of putritional intervention is however the same throughout this

spectrum, namely the prevention and control of body weight loss. In fact, it has been
shown that time of death of persons with AIDS is related to body-cell-mas

depletion'’. Thus, increased survival and preservation of quality of life with proper -

nutritional intervention is a realistic goal.

An initial intervention with asymptomatic persons infected with HIV will cove
general advice pertaining to a balanced diet and the prevention of body weight los
and nutrient deficiencies'®. The importance of getting early dietary advice whe:
changes related to either the evolution of the disease, the start of prophylacti
therapies or the development of opportunistic infections appear, has to be stressed a
the beginning of counselling. Cutting down the delay between the apparition 0
symptoms and the prescription of the proper nutritional intervention will contribut
to the preservation of body mass. :

Nutritional intervention during the course of HIV infection is a dynamic proces
requiring the detection of potential and actual deficiencies and impending protein
energy malnutrition. Moreover, it requires the astute manipulation of diet conten
and form, and frequently, of the mode of feeding. The management of decrease
intake secondary to upper gastro-intestinal tract disease, being it infectious
neoplastic, or iatrogenic, is basically the same as the interventions developed fo
head and neck cancer patients. Depending on the symptoms present, the choice O
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food may either decrease pain or inflammation, decrease mechanical difficulties or
prevent the aggravation of nausea and vomiting'#'®. But a decreased intake, as we
have seen previously, is not the only factor associated with the deveiopn;ent of
malnl.ltrm.on during HIV infection. Malabsorption and diarrhoea concur in the
deterioration of the nutritional starus of persons with HIV infection.

The choice of nutritional intervention can be based on the extent of intestinal
damage rather than the cause the diarrhoea and malabsorption'®, The most severe
form is total small bowel disease, a condition requiring hospitalisation and parenteral
nutrition. A less severe form is partial small bowel disease, where the malabsorption
is mostly the result of ileal dysfunction. A generalized colitis causing important
diarrhoea and rapid wasting is a third category. A mild form of enteropathy that
causes an increase in the frequency of bowel movements, without however being
associated with significant weight loss or malabsorption, is also described!®. For each
of these categories, specific nutritional recommendations are made in regard to the
delivery mode of nutrients. Generally, the diets and formulas are low in fat, low in
lactose and low in fibre. However, bulking agents are indicated for nonspecific
enteropathy.

There will be rare cases where parenteral nutrition may be indicated. And then
only fclygr 2ghort-tg:rm nutritional support where intestinal function is expected t(;
return” "%, An improvement in nutritional status and quality of life is however
asctibed to prolonged parenteral nutrition regimens®*??, A safer course than
pargnterql nutrition, specially in the context of the care of an immuno-compromised
pauei?t, is the use of enteral nutrition through nasogastric tubes or -

tient, i _ gastrosto
mies . ‘It should be noted that enteral feeding at home, in some cases only at
night, provides both an intensive and manageable intervention for patients with
severe upper gastro-intestinal disease but preserved intestinal function. |

For all its potential in correcting or stopping body-mass depletion, intensive
nutritional support may not yield results until opportunistic infections are’ treated'!.

Andin some cases the severity qf the illness will preclude any improvement in spite of

. aggressive treatment and_nutrmonai support®?. It is of note however, that anti-
__r:etg'ovualhtl'l_erapy w1th‘ mdgyudme and dideoxynosine has been associated with

_gelg}iuga}n in 181(1)?1& panentsd . Thus, a combined approach using both trearment of
pportunistic infections and HIV infection, may permit a positi

iR - . Sltlv

-nutritional support. ’ b P © respomise fo

utrient supplementation
[he impact of nutrient status on the competence of the immune system has been a
elatively recent preoccupation®. Interest in that association has rapidly increased
with the recognition of similarities between the changes in immune function present

in'severe malnutrition and AIDS®. However, specific studies of nutrient levels in

o V Infection and immuno-competence are still rare. Itis not surprising then to note
€ practical qbsence of clinical trials of nutrient supplementation in HIV infection
current h_ne of thought is thus that prevention of deficiencies is the aim of an{z
pplementation and that using specific nutrients as therapeutic agents for the

| ;me_deﬁciency of HIV infection is not supported by any studies®.
) t?J:ci are however, numerous alternative therapies offered to persons with HIV
-tion and most of them pertain to some radical modifidation of the habitual diet
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or to the addition of a substance?>?°. In the context of HIV infection, the claims of 5
the proponents of these therapies fall into receptive ears. Persons with HIV infection
using these remedies do not believe they are curative but they think some good may
be obtained through their use®.

Food safety
The immuno-compromised person presents a de facto higher risk of developing

diseases from agents not usually considered pathogenic®. During the counselling of
persons with HIV infection, care must be given to the descriptions of methods
permitting the control of food-borne disease. A general statement would be that a

person with HIV infection should avoid raw food of animal origin and prevent cross- 10
contamination of foods during preparation®*. 11
12
Nutrition and children with HIV infection 13
The causes of malnutrition in adults with HIV infection; inadequate food intake,
malabsorption and meodified metabolism, are expressed in children through the 14
failure to thrive syndrome. Correction of inadequate intake through modification of
diet and feeding routes can prevent malnutrition and even provide catch-up 15
growth®>*!. The management of children with HIV infection is not however
straightforward. Dietary counselling will be given to the parents, and frequently 16
resources are extended to their Limit. Their capacity to cope with the increasing
complexity of caring for a child with HIV infection will have to be taken into account
during the intervention. Of note is the important aspect of delayed neurological and 17
behavioural development associated with both the HIV infection and the prolonged 18

and frequent hospital stays’. The common situation of a family where parent and
child are infected with HIV, in an austere socio-economic environment, creates a
situation where nutritional support outside the hospital may be very difficult to

implement.

19
20

Psychological and social factors in nutritional intervention
In asymptomatic persons with HIV infection, the receptivity to nutritional
counselling might be quite good. However, one must be aware that trying ou
unproven remedies and unbalanced diets is a common behaviour in those having t
cope with an unforgiving disease. The attitude must be one of tolerance of th
person’s choices. Trying to convince without judging will be more effective i
preventing extremes in dietary behaviours. Nutritional counselling may yield mor
positive results if the family (in its broadest sense) is involved in the early stages of th
intervention. The interaction around food is one of the most valued social activity i
any culture, and preventing misunderstandings helps to preserve this preciou

contribution in any persons’ life.

References
1 McCorkindale C, Dybevik K, Coulston AM, Sucher KP. Nutritional status of HIV-infect
patients during the early disease stages. J Am Diet Assoc 1990; 90:1236-1241.
2 Beach RS, Laura PF. Nutrition and the acquired immunodeficiency syndrome (Letter). Ann In
Med 1983; 99:565-566. :
3 Gray RH. Similarities between AIDS and PCM (Letter). Am J Public Health 1983; 73:1332.
4 EKendler BS. AIDS, nutrition, and infection (Letter). Ann Int Med 1990; 113:409-410.

56

HIV infection, AIDS and nutrition

Moseson M, Zeleniuch-Jacquotte A, Belsito DV, Shore RE, Marmor M, P
C uc ‘ ; s s asternack B, T
potential role of nutritional factors in the induction of immunologic abnorma’lities in HIV-posiﬁIéz
?o.mosiétuaél Iineg; J Acquir Immune Deficiency Syndromes 1989; 2:235-247.

ain , Chandra RK. Does nutritional deficiency predispose to ired imm i
syndrome? Nutr Res 1984; 4:537-543. ’ e une deficency
Hebert JR, Barone J. On the possible relationship between AIDS iti

st p en and nutrition. Med Hypotheses
Chandra RK. Nutrition, immunity, and infection: present knowled, irecti
b 83 11688651, p owledge and future directions.
Raiten DJ. 1990. Nutrition and HIV infection. Life Sciences Research Offi i

: 90 2 . ce, Federati
American Societies f.oy Exlpenmemal Biology. Bethesda, Maryland, USA. 99p. eration of
Kotler DP. Malnl.}muon in HIV infection and AIDS. AIDS 1989; 3(suppl 1):5175-5186.
Kotler DP. Intest}nal and hepatic manifestations of AIDS. Adv Intern Med 1989; 34:43-72.
gi?fst;’gT,AFartm. ndg M]. Nutritional aspects of AIDS. Annu Rev Nutr 1990; 10:475-501
. Acquired immunodeficiency syndrome and malnutrition: role of intesti

patholf:lgy. Nutr Clin Pract 1990; 5:43-53. role of gastrointestinal
Melchior J-C, Salmon D, Rigaud p, Leport C, Bouvet E, Detruchis P, Vilde J-L, Vachon F,
Cou]a.ud P, Apfclbaum M. Resting energy expenditure is increased in stable, malnourished
EIV—mfected patients. Am J Clin Nutr 1991; 53:437-441.

otler DP, Tierney AR, Brenner SK, Couture §, Wan, i i

AR, B ) s g J, Pierson RN. Preservation of short-

term energy b_alance in chmc_a_lly stable patients with AIDS.’ Am J Clin Nutr 1990; 51:7—1;. *
Koti!e; DP,t:Iéemey 1;1}, Alnhfn}), Wang J, Pierson RN. Body mass repletion during ganciclovir
treatment of Cytomegalovirus infections in patients with Acquired Imm i
Arch Int Med 1989; 149:901-905. quired Immunodeficiency Syndrome.
Kotler DP, Tierney AR, Wang J, Pierson RN. Magnitude of body-cell-m i

ot » Wan . -cell-mass depleti
timing of death. from wasting in AIDS. Am J Cliz Nutr 1989; S():44-4—4-4y 7. epltion and the
Collins C, Garcia ME. Position of the American Dietetic Association: nutrition intervention in the
%ealtﬁ-':‘mt of hugxan }qamunodeﬁci&?ncy.virus infection. J Am Diet Assoc 1989; 89:839-841.
! 9:1;9; S?;ce OIT utrition Support in Aids. Guidelines for nutrition support in AIDS. Nutrition
Hopefl AW. What is the role of parenteral nutrition in AIDS? Clin Pharm 1988; 7:512-513.
Janson DD, Te§sley KM Parenteral nutrition in the management of gastrointestinal Kaposi’s
sarcoma in a patient with AIDS. Clin Pharm 1988; 7:536-544.

- Hecker LM, Kotler DP. Malnutrition in patients with AIDS. Nutr Rev 1990; 48:393-401.

Kotler DP, Tierney AR, Ferraro R, Cuff P, Wang J, Pierson RN, Heymsfield SB. Enteral

- alimentation and repletion of body cell mass in malnourished pati i ired imm
: : patients with acquired -
.. deficiency syndrome. Am J Clin Nutr 1991; 53:149-154. e ane

Broder $, Mitsuya H, Yarchoan R, Pavlakis GN. Antiretrovi i
oo, L0 s R ntiretroviral therapy in AIDS. Ann Int Med

. Shetman C, Raucher B, Epstein ], Berger M. 1990. Quality food and nutrition services for AIDS

patients. Aspen Pujblishers Inc, Rockville, Maryland, USA, 201p.
ngKhlAhem&fuve r.hera.pies for AIDS: a physician’s guide. Minn Med 1988; 71:297-299,
_73. . Alternative therapies used by patients with AIDS (Letter). N Engl ] Med 1989; 320:672-
G’SrgﬁgﬁlgpM, Tauxe RV. Food counselling for patients with AIDS (Letter). J Infect Dis 1988;
Archer DL. Food counsellin i i
: . g for persons infected with HIV: strat ive livi

;i_eailth R, 1999, 100196155 egy for defensive living. Pub

éntler M, Stani . iti iatri i i i

987 8743 8_::;118]1 M. Nutrition support of the pediatric patient with AIDS. 7 Am Diet Assoc

emliﬂg.;;iesung ]. Refeeding and subsequent growth in the child with AIDS. Nuw Clin Pract

57



