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Micronutrient deficiencies and infectious disease of-

ten coexist and show complex interactions leading to

mutually reinforced detrimental clinical effects. Such

a combination is predominantly observed in under-

privileged people of developing countries, particularly

in rural regions. Several micronutrients such as trace

elements (zinc, iron, selenium) modulate immune

function and influence the susceptibility of the host to

infection. Nevertheless, the effect of individual mi-

cronutrients on components of innate immunity is dif-

ficult to design and interpret. Micronutrient defi-

ciency, in general, has a widespread effect on nearly

all components of the innate immune response. Cha-

gas’ disease is a pertinent model to study interaction

of nutrition, immunity and infection, as it implies

many components of innate immunity. An important

question is whether alterations on micronutrient in-

take modify the course of infection. Some interac-

tions of trace elements with innate immunity and

acute inflammatory response are reviewed in this ar-

ticle with a special focus on selenium deficiency and

Trypanosoma cruzi infection. Clin Chem Lab Med
2003; 41(8):1020–1025
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1. General Background

Seven essential trace elements are required in human
nutrition (1), among them zinc, iron and selenium influ-

ence the susceptibility of the host to infection and the
course and outcome of different diseases (2, 3). The
general knowledge about the interaction of parasite in-
fection with these trace elements during the initial
phase of immune response – innate immunity and acute
inflammatory phase – is reviewed in the context of the
following observation (4): mice with severe selenium
deficiency since birth and mice with adequate selenium
supply since birth were infected with a sub-lethal dose
of Trypanosoma cruzi (T. cruzi). Only selenium-deficient
mice died during the acute phase inflammatory re-
sponse, while selenium-sufficient mice survived. The
level of parasitemia was similar in both groups.

Our results present some analogy with those of Beck
and collaborators. They have shown that in a selenium-
deficient experimental model (mice), harmless Cox-
sackie B viruses (CVB3/0 strain) become virulent (5).
Moreover, it was shown that mutations occurred in the
genome to give a cardiovirulent form of the virus that
caused myocarditis. When the mutated virus from
these selenium-deficient mice was inoculated into
mice with adequate selenium supply, it still induced
heart damage, showing the persistence of the mutation
in the virus. A similar study on mice that were unable to
synthesize glutathione peroxidase type 1 (GPx1 knock-
out mice) showed that this enzyme is essential for the
prevention of oxidative damage to the RNA-viral
genome that results in the myocarditic mutations (6).
This animal model is relevant for the pathogenesis of
Keshan disease, an endemic cardiomyopathy of young
adults in rural parts of the People’s Republic of China
with extremely poor selenium supply (7).

Due to the much more complex genomic structure of
parasites, it seems unlikely that a specific genetic mu-
tation could result in increased toxicity of T. cruzi.

In relation to T. cruzi, we hypothesize that an imbal-
ance during the acute phase inflammatory response re-
sults in multiple organ failure and death associated with
severe selenium deficiency. Indeed, during sepsis there
is a delicate balance between pro-inflammatory stress
and anti-inflammatory factors. An excessive inflamma-
tory “storm” or a lack of counter-regulation could both
result in uncontrolled immune response and death. 

Innate or natural immunity is non-specific for a par-
ticular foreign organism. Besides cutaneous and diges-
tive barriers, such immune reactions involve activation
of macrophages, natural killer (NK) lymphocytes, and
the complement system. Vascular adaptation pro-
motes immune cell accumulation at the site of infection
and acute inflammation. Lipopolysaccharide endotox-
ins (LPSs) of Gram negative bacteria or peptidoglycans
of the membrane of bacteria or parasites are known
promoters of this innate immunity. The macrophages

*E-mail of the corresponding author: 
Jean.Vanderpas @skynet.be 

Review

Trace Elements, Innate Immune Response and Parasites



Rivera et al.: Trace elements, innate immune response and parasites 1021

and NK cells recognize these poorly specific promoters
through receptors of the Toll receptor family (8). 

Acute phase inflammatory response is associated
with this activation of innate immunity and is multi-
plied (positive feedback) by some components of ac-
quired immunity (antibodies and T cells). The general
concept is that cytokines produced by macrophages,
NK cells and T cells induce a cascade of reactions,
which stimulate the synthesis and secretion of some
liver proteins (positive markers of acute phase inflam-
mation) like C-reactive protein or ferritin, and decrease
the synthesis and secretion of other liver proteins (neg-
ative markers of acute phase inflammation) like albu-
min (9, 10). 

The regulation of acute phase inflammatory re-
sponse is crucial: a lack of control is potentially lethal,
leading to multi-organ failure. The general concept is
that, in addition to the marked cellular reaction at the
site of infection, other tissues are in a lethargy state
(decreased metabolism, hibernation). An imbalance
can result in irreversible tissue damage and death. In
the sepsis syndrome, a cytokine “storm” unleashing
numerous inflammatory mediators is the likely way to
multiple-organ failure and death (11).

The cytokines of phagocyte cell origin, such as tu-
mor necrosis factor-α (TNF-α) and the interleukins IL-1
and IL-6, are predominantly pro-inflammatory. The ac-
tivation of type 1 helper T cells (Th1) and the secretion
of TNF-α, interferon-γ (IFγ) and IL-2 trigger a “cascade
storm”. Activation of type 2 helper T cells (Th2) has
anti-inflammatory properties by secreting other cy-
tokines such as IL-4, IL-5 and IL-10. The balance be-
tween pro-inflammatory and anti-inflammatory re-
sponses is critical for a controlled reaction to foreign
infectious material, with uncontrolled inflammation
leading to multiple organ failure (12, 13).

Intracellular parasites (Plasmodium, Leishmania,
Trypanosoma, etc.) stimulate Th1 immunity, while ex-
tracellular ones (Filaria) and helminths stimulate Th2.
Particularly, IL-5 is the predominant stimulant of hyper-
eosinophilia and immunoglobulin E humoral immu-
nity, which characterize extracellular and helminthic
parasite infections (14, 15). 

A literature search for the keywords “parasite” and
“trace element deficiency” with each one of the seven
well-established essential trace elements in humans
was carried out in the Medline Database. Since very lit-
tle relevant data was obtained on cobalt, iodine, man-
ganese or copper deficiencies in parasite infection,
these topics are not mentioned further. 

The present Review focuses on the most pertinent
research results, according to our judgment. 

2. Zinc Deficiency, Parasites and Acute Inflammatory

Response

2.1 Nematodes

Zinc deficiency causes atrophy of lymphoid tissues (16,
17) and depressed cutaneous delayed-type hypersensi-

tivity reactions (17, 18). In experimental animals, zinc
deficiency reduced antibody production, T cell prolifer-
ation and cytokine production in response to mitogens
or to specific antigens (19–21). In mice infected with
nematodes, zinc deficiency impaired both Th1 and Th2
responses (22). These findings, obtained from analysis
of thymus or spleen, reflect the essential requirement
for zinc by CD4+ helper T- and B cells in systemic lym-
phoid organs. Such considerations probably apply also
to lymphoid tissues in the intestine, although informa-
tion on the effects of zinc deficiency on the barrier func-
tion and on specific immune responses in the gastroin-
testinal tract is still lacking. Such deficiency may
interfere with the recruitment to, and localization of,
immune cells in the intestinal epithelium, thus impair-
ing the host’s ability to effectively combat parasitic in-
fection. 

2.2 Trypanosoma cruzi

Since zinc deficiency has been shown to have a pro-
found effect on the murine immune system, it was of
interest to evaluate the effects of such deficiency on
host resistance to infection. Balb/C mice were fed ei-
ther a zinc-deficient or zinc-adequate diet; after 8 days,
each group was infected with a sub-lethal inoculum of
T. cruzi. Twenty-two days post-infection, the cumula-
tive mortality was 80% in the zinc-deficient group and
10% in the zinc-adequate group. Also the parasitemia
was 50 times higher in the zinc-deficient group. In all in-
fected groups, food intake and/or body weights were
reduced in comparison to their uninfected counter-
parts. The data show that zinc deficiency and T. cruzi in-
teract synergistically to alter both the nutritional and
immune status of the host. The experiments also
demonstrate the extreme susceptibility of zinc-defi-
cient mice to some pathogens (23).

Using another approach, the same group pointed
out an important role for zinc in the biochemical events
associated with macrophage uptake and killing of the
parasites. They exposed young adult A/J mice to zinc-
deficient, zinc-adequate or restricted amounts of a zinc-
adequate diet for 28 days. On the basis of weight loss
and parakeratosis, the zinc-deficient mice were further
divided into moderately and severely zinc-deficient.
The peritoneal macrophages (PM) were collected from
each group and infected with T. cruzi. Both the percent-
age of PM with associated parasites and the number of
parasites per 100 macrophages were significantly
lower in the moderately and severely deficient mice
than in mice fed restricted or zinc-adequate diets. Fur-
thermore, PM from both zinc-deficient groups killed
fewer intracellular parasites than did PM from re-
stricted or zinc-adequate groups. Pre-treatment of PM
from zinc-deficient mice with 5 µg zinc for 30 min in
vitro completely restored both their capacity to take up
and kill the parasites. Other trace metals tested, includ-
ing copper, manganese and nickel, failed to reverse the
effects of zinc deficiency (24). 
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3. Iron Deficiency, Parasites and Acute Inflammatory

Response

Most studies are linked with two well-known observa-
tions: (i) hookworm infection is a cause of iron loss and
iron-deficient anemia (25, 26); (ii) anemia in tropical
countries is related to malaria infection and to iron de-
ficiency (27).

The other question, which is central for the present
discussion, has received much less attention: Does iron
deficiency immunomodulate susceptibility to para-
sites?

The sparse epidemiological available data do not
provide a definitive answer. Some results suggest that
iron deficiency does not modify the natural course of
malaria (28), while another one suggests a protective
effect of iron deficiency (29). On a public health scale,
the question is of prime importance: the correction of
iron deficiency represents one of the three priorities of
the World Health Organization in the Micronutrient Ini-
tiative Program, which includes iodine, iron and vita-
min A. More data are urgently required to determine
whether the correction of iron deficiency has any detri-
mental effect on parasite infection. 

Experimental data clearly suggest that iron is an es-
sential trace element for some parasites, for example
Plasmodium falciparum (P. falciparum), which contains
an iron-regulated protein that binds to a mammalian
iron-responsive element (IRE), raising the possibility
that the malaria parasite expresses transcripts that
contain IREs and are iron-dependently regulated (30).
Infectious agents must acquire iron from their host to
survive, and deficiency in this element has been re-
ported to protect against malaria in humans (28). The
susceptibility of P. falciparum to iron deprivation was
tested in vitro by studying the effect of desferrioxamine
(DFO), a specific iron-chelating agent, on parasite
growth. It was found that DFO inhibits the growth of
the parasites at concentrations readily achievable in
vivo, by a mechanism that may involve interference
with the completion schizogony (31).

4. Selenium, Parasites and Acute Inflammatory

Response

Selenium deficiency is accompanied by loss of im-
muno-competence, probably connected with the fact
that this trace element is normally found in significant
amounts in tissues such as liver, spleen and lymph
nodes. Both cellular and humoral responses can be im-
paired by such deficiency (32).

Selenium supplement, even in subjects with normal
serum selenium concentration, has immuno-stimulant
effects, including an enhancement of activated cell pro-
liferation (clonal expansion). Enhanced response to
antigen stimulation and increased ability to develop cy-
totoxic lymphocytes and to destroy tumor cells (NK cell
activity) were also observed (33).

The mechanism appears to be closely related to the
ability of selenium to up-regulate the expression of

growth-regulatory cytokine IL-2 receptors on the sur-
face of activated lymphocytes and NK cells, thereby fa-
cilitating the interaction with IL-2. This interaction is
crucial for clonal expansion and differentiation into cy-
totoxic T cells (34). 

Additionally, cells of the immune system may have
an important functional need for selenium. Activated T
cells show increased selenophosphate synthetase ac-
tivity (35), directed toward the synthesis of selenocys-
teine, the essential building block of selenium-contain-
ing proteins, for activation of T cell function and the
control of the immune response. 

Among more than 25 selenium-containing proteins,
many not yet entirely characterized, the 3 or 4 glu-
tathione peroxidases (GPx) and the thioredoxin reduc-
tase act enzymatically by detoxifying reactive oxygen
species (ROS) (36). These metabolites produced dur-
ing the inflammatory response enhance pro-inflam-
matory cytokine production by activation of the tran-
scription factor nuclear factor κB (NFκB), an essential
step in the control of cytokine synthesis and secretion
(37). 

Murine malaria appears to be a useful experimental
model for the investigation of the interrelationship be-
tween selenium and vitamin E. Vitamin E deficiency
protected experimental animals against the parasite,
especially when mice are concurrently fed with peroxi-
dizable fat, such as fish or linseed oil; in contrast, sele-
nium deficiency had little or no protective effect
against the parasite (38). Endogenous GPx activity in
malaria parasites after selenium supplementation has
been documented (39).

In T. cruzi experimental infection, a few studies
pointed to a beneficial effect of selenium supplementa-
tion during murine infection (40). Recently, it has been
reported that selenium deficiency increases the sever-
ity of chronic inflammatory myopathy in T. cruzi-in-
fected mice (41). 

Chagas' disease, the American trypanosomiasis
caused by infection with the flagellate parasite T. cruzi,
continues to be a major cause of morbidity and mortal-
ity, particularly among poor populations in rural and
urban areas of Central and South America (42). Most of
the seropositive-infected persons remain asympto-
matic throughout life, but 20–30% of patients develop
the chronic chagasic cardiomyopathy. The variable
pathogenesis is not yet well understood (43, 44). In
cases with ongoing cardiomyopathy, mononuclear in-
filtration associated with parasite antigens character-
izes the myocarditis, which is associated with mi-
crovascular alterations and ventricular remodelling
with fibrosis (43).

In endemic areas, the population is also affected by
malnutrition (45). Few studies have been performed
that specifically pointed to the impact of nutrition on
the course of human infection with T. cruzi (45). Sele-
nium status has not been studied yet in chagasic pa-
tients.

By analogy to the role of selenium deficiency in car-
diomyopathy due to Keshan disease in rural China, we
decided to study the possible role of this deficiency as
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a cofactor in this pathology. We conducted both epi-
demiological and murine experimental studies.

4.1 Epidemiological study

A community-based case control study was carried out
in Brazil to test the hypothesis that chronic Chagas' car-
diomyopathy could be related to selenium-deficient
status. Selenium status was in the normal range in all
groups of chagasic patients according to serum sele-
nium levels and GPx activity. Selenium deficiency was
therefore excluded. However, the frequency of chaga-
sic patients with selenium levels in ranges below nor-
mal was significantly higher in cases with the most se-
vere form of cardiomyopathy. These results suggest
that low selenium level could be a biological marker of
a long-standing inflammatory process that may lead to
progressive heart damage and dysfunction in chronic
chagasic patients (46).

4.2 Experimental study

A study in a murine model was carried out to deter-
mine if selenium deficiency in mice could influence the
pathological outcome of a T. cruzi infection with acute
myocarditis. Mice were submitted to either a selenium-
deficient or selenium-adequate diet. Eight-week old fe-
male C57BL/6 mice were fed selenium-deficient or ade-
quate diets during pregnancy and lactation periods. 

Severe selenium deficiency was confirmed by mea-
surement of serum selenium and GPx levels in moth-
ers fed a selenium-deficient diet, while the group fed a
selenium-adequate diet presented normal levels of
both parameters.

The offspring were fed the same diet as the mother.
When 8-week old, mice were inoculated intra-peri-
toneally with a sub-lethal dose of trypomastigotes of
T. cruzi (Y strain). The parasitemia and mortality were
monitored during 45 days post-infection. Both groups
of mice showed similar levels of parasitemia, while
mortality differed markedly between them. Mice from
the adequate selenium diet group presented a low
percentage of mortality (20% in males and none in fe-
males). In all the selenium-deficient mice the mortal-
ity started very soon after infection (8 days post-in-
fection) and by 20 days post-infection all animals
were dead.

The serum levels of specific cardiac CK-MB enzyme,
measured on 15 days post-infection, indicated an acute
myocarditis in both groups and were higher in sele-
nium-deficient mice. 

Despite similar parasitemia curves, mortality para-
meters clearly indicated that selenium-deficient ani-
mals of both sexes were much more susceptible than
the corresponding control group. The mechanism con-
tributing to the higher susceptibility of selenium-defi-
cient mice is likely to be related to a higher inflamma-
tory process, interfering with the innate immune
response. This latter inference is based on the fact that
mice died before 20 days post-infection, meaning in
the onset of acute phase, and so without the possibility
of a specific immune response (4).  

5. Conclusion and Methodological Precautionary

Remarks

T. cruzi activates the innate immunological response.
During the acute inflammatory phase in an experimen-
tal mouse model, there was an overproduction of cy-
tokines (47–49) combined with several immune alter-
ations, such as immunosuppression (decrease of IL-2),
lymphocyte polyclonal activation and immunoglobulin
overproduction. Parasites survive in some host organs,
mainly nervous and cardiac tissues (50, 51). Some of
these effects are induced by glycosylphosphatidylinos-
itol mucine-like anchored glycoproteins present on the
parasite surface. These molecules modulate the pro-
duction of inflammatory cytokines (IL-1, IL-6, IL-12 and
TNF-α) by macrophages (52). These cytokines increase
in parallel with the onset of the parasitemia and de-
crease down to their normal levels at about 40 days
post-infection.

Some studies have shown the important role of NK
cells in the initial defence against T. cruzi infection; its
protective effect is linked to the IFN-γ production by
these cells (53). This cytokine is able to activate the ni-
tric oxide pathway responsible for the parasite destruc-
tion in infected macrophages (54). Endogenous IL-10
seems crucial for counter-regulating an overshooting
pro-inflammatory cytokine response resulting in
TNF-α-mediated septic shock (55). 

Host depletion in selenium is associated with a re-
duced immune response (56), and an active immune
response is essential to overcome the acute phase of T.
cruzi infection. The difference found in mortality rate
indicates that selenium deficiency interferes with in-
nate and/or specific mechanisms that can operate in
the control of infection (the decreasing phase of para-
sitemia) and disease (the recovery from acute phase).
Inflammatory cytokine levels increase significantly
with the development of infection in selenium-defi-
cient mice. Death may occur due to a hyper-inflamma-
tory state and a decreased counter-regulatory anti-in-
flammatory response. This may indicate an immune
system that is severely compromised with organ fail-
ure.

In conclusion, taking into account the immune mech-
anism triggered by T. cruzi infection and its interaction
with selenium’s role in the immune system (Figure 1),
we suggest the hypothesis depicted in Figure 2. In epi-
demiological studies it is not possible to get isolated
deficiencies of a specific trace element in human popu-
lations. Most of the time, these deficiencies occur in
populations exposed to many combined nutritional
problems and infectious diseases. In this context, it is
difficult to analyze the effects of an isolated deficiency
of a specific essential trace element. Multi-factorial de-
signs are required to measure the effects of multiple
environmental factors and of their interactions.

This difficulty of epidemiological studies has its
counterpart in experimental ones. While it is relatively
simple to obtain animals deficient for a specific essen-
tial trace element, the deficiency will by itself involve
stunted growth and general malnutrition. In other
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words, in severe deficiency of essential trace elements,
there is secondary global malnutrition, and when im-
mune function is studied, it is not possible to discrimi-
nate the effects due to the essential element deficiency
and those due to global malnutrition.

Experimental diet studies, thus, have their own lim-
its. They represent a first approach to a problem, but
the conclusion must be corroborated by subsequent
confirmatory experiments. In the case of selenium,
some of the enzymes involved in the immune re-
sponse, like glutathione peroxidases and thioredoxin
reductase, have been characterized, and knock-out
mice have been developed (at least, for GPx). This
progress offers new opportunities to study more
specifically the exact mechanism of immune interac-
tion between the trace elements and the parasites.
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