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EDITORIAL

INTERACAO INFECCAO,
NUTRICAO E IMUNIDADE

A interacdo entre a infec¢do e o estado
nutricional do hospedeiro é de conhecimento
antigo. O exemplo clissico, da repercussio
negativa da infeccdo crbénica sobre o
estado nutritivo, é o da tuberculose, que
freqientemente se associava a caquexia e era
referida como “doenca consuntiva”.

Em 1968, Scrimshaw, Taylor e Gordon'
descreveram essa interagfo segundo a qual, a
infeccdo causa a desnutri¢io, que por sua vez
torna o hospedeiro mais suscetivel 4 propria
infecgio. Incluiram, esses autores, mais um
fator nessa interacdo, representado pelo
comprometimento da imunidade.

Num contexto bem amplo, essa interacio
deve ser considerada nas relacdes que existem
entre 0 hospedeiro, o héspede e o meio
ambiente. Nas rela¢gdes hospedeiro e hospede
devem ser incluidos, como responsaveis pela
desnutri¢do, ndo apenas os agentes
microbianos como os virus e as bactérias, mas
também os parasitas, como as leishmanias, os
plasmoédios e os helmintos. No tocante ao
ambiente, deve ser destacada a repercussio
maior do sinergismo entre infec¢ido e
desnutricio na regido tropical do mundo,
onde a prevaléncia das doencas infecciosas e
parasitdrias € notavel e com muita freqiiéncia
paralela 4 fome, que é causa primiria da
desnutricdo. Esse € o caso do Brasil, que tem
a maior parte de seu territbrio na regifo
tropical e subtropical, & assolado por inimeras
e graves endemias, como a malaria, a
esquistossomose mansdnica, a doencga de
Chagas, as leishmanioses, as geo-helmintiases,
a AIDS e a tuberculose, e parte consideravel
de sua populagdo é atingida pela fome. E
preciso mencionar entretanto, que a interacao
infec¢do e nutrigdo ocorre em qualquer
hospedeiro, mesmo naqueles que se
apresentavam com o estado nutritivo normal.

Embora a interacio sinérgica entre 2
infec¢ao e a nutricdo seja a mais frequente,
ha situagbes em que se estabelece um
antagonismo. E o caso, por exemplo, da
desvantagem para o metabolismo de
determinados parasitas, causada pela
deficiéncia de certos nutrientes do hospedeiro.
Esse fato foi relatado na malaria em relagdo a
deficiéncia de riboflavina®.
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INTERACTIONS OF INFECTION,
NUTRITION,AND IMMUNITY

The interaction between infection and the
nutritional state of the host has long been
known. The classic example of negative
repercussion between chronic infection and
nutrition is tuberculosis which was frequently
associated with cachexia and referred to as
“consumption”.

In 1968, Scrimshaw, Taylor and Gordon®
described this interation, stating that infection
causes malnutrition, which in turn makes the
host more susceptible to his infection, and
causes a subsequent decrease in immunity.
This interaction must be taken into
consideration especially in the host, parasite,
and environment relationships. In the
interaction between host and parasite we must
include factors responsible for malnutrition,
not only microbial agents such as viruses and
bacteria, but also parasites, such as
Leishmania, Plasmodium, and helminths. In
reference to environment it should be pointed
out that there is a stronger synergistic action
between infection and malnutrition in the
tropical regions of the world. The prevalence
of parasitic and infections diseases is strongly
evident, and closely associated with hunger,
which is the primary cause of malnutrition.
Such is the case in Brazil, where greater part of
the territory is in the tropical or subtropical
regions devasted by numerous and serious
endemic infections such as malaria,
Chagas disease, leishmaniasis, Manson’s
schistosomiasis and other helminthic
infections, AIDS, tuberculosis and where a
large part of the population suffers from
hunger. However it must be noted that the
infection and nutrition interaction can also
occur in a host in which the initial nutritional
state is normal.

Although the synergistic interaction
between infection and nutrition is most
frequent, there sometimes exists an

antagonistic factor, for example, the negative
effect on the metabolism of certain parasites,
caused by a deficiency of certain nutrients in
the host. One example is the deficiency of
riboflavin in cases of malaria'.

Metabolic alterations infections. In cases of
infection, when fever is present, anorexia is
usualy one of the common symptoms which

315



Editorial. Meira DA. Interacdo infeccdo, nutricdo e imunidade. Revista da Sociedade Brasileira de Medicina

Tropical 28:315-319, out-dez, 1995.

Alteracdes metabolicas nas infec¢bes. De
modo geral nos estados infecciosos, além da
febre, a anorexia € uma das manifestacGes
mais comuns. Ao lado da perda do apetite, hi
reducdo da secrecio de suco gastrico e
alteracdes do epitélio digestivo?. Assim,
o doente alimenta-se mal, tem
comprometimento da digestdo e da absorcio.
E, paradoxalmente, necessita de aumento do
metabolismo energético, para atender a
producio de calor, exigida pela febre. O
aumento da demanda de energia, durante as
infeccbes, esta relacionado a importantes
alteracbes metabodlicas do hospedeiro. Na
infec¢io, portanto, ha distdrbios do
metabolismo energético, das proteinas, dos
minerais e até das vitaminas. A sintese e a
utilizacio ocorrem simultaneamente. A
primeira, representada pelo anabolismo e a
dltima, pelo catabolismo. Esse processo ndo €,
entretanto, equilibrado, pois, ha um desvio em
favor do catabolismo. O resultado é a perda de
peso, consequente ao consumo das reservas
energéticas e protéicas.

Esse processo se exterioriza clinicamente
nos estados infecciosos pela anorexia, que
resulta na necessidade aumentada do
catabolismo; pela febre, que exige aumento do
metabolismo energético (segundo Dubois?
para cada °C de temperatura elevada ha
necessidade do aumento de 13% do
metabolismo basal); pela wmialgia, que
corresponde a protedlise das proteinas
musculares, e pela fadiga, que acaba
se tornando mecanismo de defesa,
principalmente, durante a convalescenca,
dificultando o consumo decorrente do esforco
fisico, pela necessidade do repouso, que essa
manifestacio acarreta.

Metabolismo energético. As reservas
energéticas do organismo estio contidas em
trés compartimentos: o glicogénio hepatico, as
proteinas musculares e a gordura. No processo
infeccioso, a insuficiente ingestio de
alimentos, pela anorexia, exigiri a utilizacio
do glicogénio hepdtico, que € bastante para
atender as necessidades energéticas por um
periodo curto, de 12 a 24 horas. Inicia-se entio
a neoglicogénese, pela transformacio da
proteina muscular em glicose. Esse processo
metaboélico comega pela protedlise, que
corresponde ao deslocamento da proteina
muscular, com libera¢do de aminoicidos.
A alanina é o principal aminoicido, que
¢é utilizado para a neoglicogénese. A
desaminacao ocorre no figado e wvdrios
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results in a subsequent reduction of gastric
juice and alterations of the digestive
epithelium?®. The patient experiences a loss of
appetite with problems in digestion and
absortion. Paradoxically, there then follows a
necessity for the body to increase metabolic
energy in order to facilitate the production of
heat, required by the fever. The increase of
energy demand during infections is related to
important metabolic alterations in the host. In
cases of infection, however, there are
disturbances in metabolic energy, including
protein, mineral, and even in vitamin
performance. Synthesis and utilization occur
simultaneously, the first by means of
anabolism and the second by catabolism. This
process is not, however, in equilibrium as
there is a stronger tendency toward catabolic
action, resulting in weight loss which
consequently interferes with proteinaceous
and energetical reserves.

This procedure is clinicaly manifest in
infection as anorexia, which results in the
necessity for an increase of catabolism; first by
means of fever which requires an increase in
metabolic energy (according to Dubois® in
which each °C of temperature rise requires a
13% increase in basal metabolism); secondly
by myalgia, which causes proteolysis of
muscular proteins resulting in fatigue, which
ends up by becoming a defense mechanism,
mainly during convalescence, when physical
effort is -difficult and repose becomes
necessary.

Metabolic energy. The reserves of energy of
man is composed of three parts: hepatic
glycogen, muscle proteins, and fats. In the
infectious process, insuficient ingestion of
nutrients, caused by anorexia, requires the
comsumption of hepatic glycogen, at least
enough to supply energy for a short period
of time (12-24 hours). A process of
neoglycogenesis then begins, transforming
muscular protein into glucose. This metabolic
action begins by means of proteolysis, causing
dislocation of muscular protein, terminating in
the liberation of aminoacids. Alanine is
the principal aminoacid required in
neoglycogenesis. The deamination which
takes place in the liver plus various hormones
take part in the regulation of the metabolism
of carbohydrates such as glucagon, insulin,
and the growth hormone. Hydroxyproline and
other aminoacids produced by proteolysis are
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hormoénios participam e regulam o
metabolismo dos hidratos de carbono. S0 eles
a insulina, o glucagon e o horménio do
crescimento. A hidroxiprolina é outro
aminoacido resultante da protedlise e que nao
é aproveitado para a neoglicogénese, sendo
excretada na urina. Essas alterac¢des
metabolicas, sao induzidas pela participagio
de citoquinas liberadas durante o
desenvolvimento da resposta imune. A
interleucina 1 (IL-1), a interleucina 6 (IL-6) e o
fator necrose tumoral (TNF) desempenham
papel fundamental em virios pontos desses
processos metabolicos. Nas infeccoes,
inicialmente as gorduras ndo participam da
neoglicogénese, embora também sejam
deslocadas da célula adiposa, com
conseqiiente reducio do teor dos lipides
totais e do colesterol séricos. Esse nido
aproveitamento se di pela a¢io do TNF, que
inibe a sintese da lipase lipoprotéica. Dessa
forma, pelo menos durante algum tempo, o
paciente poderd exibir aumento dos valores
dos triglicérides séricos.

Metabolismo protéico. Além da protedlise
muscular e da neoglicogénese, com a
desaminacio dos aminoacidos no figado e
perda de nitrogénio pela urina e pelo suor,
que caracterizam o balan¢o nitrogenado
negativo, o metabolismo protéico,
propriamente dito, modifica-se nas infec¢des.
A alteragao do metabolismo protéico, nas
infecgdes, corresponde a uma reducio da
produgio de albumina e da transferrina pelo
figado, para que haja, nesse 6rgio, sintese de
novas proteinas, como a proteina C, a
ceruloplasmina, o amiléide sérico, o
complemento C3 e o fibrinogénio plasmatico.
Essas novas proteinas participam do processo
inespecifico de imunorregulacio. As
citoquinas, principalmente a IL-1 e o TNF,
regulam a expressio genética do hepatdcito
para a produg¢ido de proteinas,
desempenhando papel fundamental nessas
alteracdes metaboblicas.

Metabolismo mineral. Ha desvios
principalmente do Fe, do Zn e do Cu. Os dois
primeiros, tém os seus valores reduzidos,
enquanto que o Cu, que se liga a
ceruloplasmina, aumenta. O Fe proveniente da
destrui¢do de leucécitos, é ofertado ao figado
e transformado em pigmento, a
hemossiderina, que nio é& reaproveitavel,
levando o paciente, se o processo se
prolongar, a anemia. A redug¢ido do Zn trara
prejuizo para a produgcio de células de defesa.

not utilised for neoglycogenesis and are
excreted by the urine. These metabolic
alterations are induced by the participation of
cytokines, which are liberated during
development of the immune response.
Interleukin 1 (IL-1), interleukin 6 (IL-6), and
the tumor necrosis factor (INF) play a
fundamental role in many different points
in these metabolic processes. During
infections, the fats, initially, take no part in
neoglycogenesis even when they are
dislocated from adipose cells, and followed by
a consequent reduction in the content of total
lipids and serum cholesterol. This is brought
about by action of the TNF, which inhibits
lipoprotein lipase. Thus, for a certain period of
time, there is an increase in serum triglyceride
values.

Protein metabolism. Besides the muscular
proteolysis and neoglycogesis, deamination of
the aminoacids in the liver and loss of nitrogen
through the urine and sweat, are characterised
by a negative nitrogen equilibrium. The
protein metabolism could be said to undergo
modifications in infections leading to a
reduction of albumin and transferrin
production by the liver which synthesises new
proteins, such as protein C, ceruloplasmin,
serum amyloid, C3 complement, and plasmatic
fibrinogen. These new proteins take part in the
unspecific process of immunoregulation. The
cytokines, mainly IL-1, IL-6 and the TNF
regulate the genetic expression of hepatocytes
for the production of proteins and plays a
fundamental role in these types of metabolic
alterations.

Mineral metabolism. In mineral metabolism
there are deviations mainly of Fe, Zn, and Cu.
The first two minerals show a reduction of
plasmatic values, while the third (Cu), related
to ceruloplasmin, in which there is an increase.
The Fe eminating from the destruction of
leucocytes is then transferred to the liver and
transformed into pigment, while hemosiderin,
has no beneficial effect and the patient
becomes anemic if the condition is prolonged.
The reduction of Zn causes impairement in the
production of defense cells.

Vitamins. The metabolic alterations which
occur in cases of infection lead to an increased
demand for vitamin comsumption and also
have an effect on the production of cells
involving the defense system. Vitamin A, for
example, is drastically reduced in state of
infection.
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Vitaminas. As alteragdes metabodlicas que
ocorrem nas infecgdes levam ao aumento do
consumo de vitaminas, inclusive para a
produgdo de células do sistema de defesa. A
vitamina A, por exemplo, reduz-se
consideravelmente nos estados infecciosos.

Os distarbios metabdlicos nos processos
infecciosos, como ja foi mencionado, sdo
causados pelas citoquinas (IL-1, IL-6 e TNF)
liberadas pelos macréfagos, durante o
desenvolvimento da resposta imune. Eles tém
alguns efeitos especificos e outros comuns.
Dentre os fendmenos desencadeados pelas
citoquinas incluem-se: a febre, a anorexia, a
sonecléncia, o aumento da produgio do
hormdnio do crescimento, do glucagon e da
insulina. Causam ainda a protedlise muscular,
estabelecem a prioridade da sintese de
proteinas no figado, inibem a sintese da lipase
liproprotéica e induzem desvios do ferro, do
zinco e do cobre.

Ha, portanto, uma interacdo dindmica dos
processos metabdlicos e da resposta imune, no
desenvolvimento das infec¢des. Na verdade,
tal interacdo, tem o significado de protecio
inespecifica para o hospedeiro. Assim, é que
a febre e a reduc¢lo do ferro sérico sao,
em geral, fatores desfavordveis para o
metabolismo de microorganismo. Entretanto, o
prolongamento do processo infeccioso,
acarretara perdas nutricionais importantes, que
acabario prejudicando o proprio hospedeiro.

Nesse sentido, a desnutrigio protéico-
calérica acarreta inibicdo de linfocitos T
auxiliadores e T supressores, comprometendo
a imunidade mediada por célula. Influi
também na imunidade humoral, como por
exemplo, reduzindo o nivel de IgA secret6ria.
H4 ainda, alteracio das vias do complemento
para menos, na desnutricio proteico-caldrica,
que nio é compensada pela neo-produgio de
Cg.

A desnutricdo, nos estados infecciosos,
interage com a resposta imune do hospedeiro
de forma negativa, pela deficiéncia de matéria
prima, que acarreta, para a producio da
imunidade.

Dessa forma, é fundamental que se
considere, na abordagem dos individuos com
doenga infecciosa ou parasitaria, a restauracdo
do estado nutritivo, para que haja redugio da
suscetibilidade e ao contririo, aumento da
resisténcia 2 infeccgio.
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Metabolic disturbances in infectious
processes, as we have already stated, are
caused by cytokines (L-1, IL-6, and TNF)
liberated by macrophages during development
of the immune response. Each cytokine has a
specific effect but can also have a joint action.
Some of the conditions provoked by the
cytokines include fever, loss of appetite,
sonolence, a rise in the production of the
growth hormone, glucagon, and insulin. There
is also the appearence of muscular proteolysis,
establishing priority for protein synthesis in the
liver, inhibition in the synthesis of lipoprotein
lipase, and inducement of copper, iron, and
zinc deviations.

There is, however, a dynamic interaction
envolving the metabolic processes and the
immune response, in the development of
infections. In fact, such interaction presents a
nonspecific protection for the host. Fever and
reduction of serum iron, are thus general
factors unfavorable to the metabolism of
microorganisms. However, a prolonged
infection causes significant nutritional losses
and has a harmful effect on the host. Thus
protein caloric malnutrition causes inhibition
of T helper and T suppressor endangering
cellular immunity.

Humoral immunity is also affected by
reduction in the level of IgA secretion. In
protein-caloric malnutrition, there is also an
alteration of the complement pathways, which
is not compensated for by the neoproduction

Malnutrition in the infectious state, interacts
with the immune response of the host in a
negative manner, by causing a deficiency of
basic nutrients necessary for the development
of immunity.

It is, therefore, fundamental that when
treating patients with either infectious or
parasitic deseases, it is of the utmost
importance to restore the nutritional state so
that there is reduced susceptibility and
enhanced resistance to infection
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