Medical Sciences

ISSN 1682-4474

science
alert

ANSI|n27

an open access publisher
http://ansinet.com




JMS (ISSN 1682-4474) is an
International, peer-reviewed
scientific journal that publishes
original article in experimental
& clinfcal medicine and refated
disciplines such as molecular
biology, biochemistry, genetics,
biophysics, bio-and medical
technology. JMS is issued six
times per year on paper and

in electronic format.

For further information about
this article or if you need
reprints, please contact:

Dr. R. Hemalatha

Department of Microbiology,
National Institute of Nutrition,
Jamai-Osmania,
Hyderabad-500 007, India

Tel: 27008921
Fax: 27019074

ANSlner

Agian Network for Scientific Information

Researchm%er

J. Med. Sci., 6 (6): 962-967
November-December, 2006

Cytokines and Micronutrients in Plasmodinum vivax
Infection
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T helper subset response to P. falciparum 1s well documented, however there 1s
little or no information with respect to P. vivax, though it 1s associated with high
rate of morbidity and hospitalisation. Tn the present study circulating T1.-2, TFN'y,
TL12, 1110, TL-4 and TNFe concentrations were investigated in patients with mild
and severe P. vivax mfection. Hemoglobin status, Packed Cell Volume (PCV),
serum zine and vitamin A were also evaluated. Hemoglobin concentration was
low, as expected and further decreased significantly in 1 week of malaria and was
negatively correlated with TNFw, suggesting a role for this cytokine in the
pathogenesis of anemia and destruction of RBCs. The mmtial level of TNFa was
significantly correlated with IL10 concentration (regression analysis) thus
indicating an anti-inflammatory role for 1.10 in the regulation of TNFe. Initial
concentration of I1.2, T1.12 and 11,10 were higher in the mild malaria and were
associated with low parasite density. In contrast, high concentration of IFNy was
associated with low IL2 levels in severe malaria, suggesting that in severe malaria
there is an inability to mount a TH1 response (I1.-2) and to maintain an adequate
balance of Thl/Th2 response. Both serum zinc and vitamin A were low in mild
malaria, however, with increasing severity, serum zinc concentrations mcreased
which could be an adaptive response to potentiate the immune response as
reflected by the increase in IFNy and TNFa. Though there was no significant
correlation, higher vitamin A levels were associated with low IL-2 levels
unplicating vitamin A m down regulating Thl response.
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INTRODUCTION

Malana is one of the leading causes of morbidity and
mortality worldwide, with an estimated 350 to 500 million
new cases each year (World Health Organization, 1997).
Of the four species, P. vivax has the widest geographic
distribution through out the world (Peter, 2000). In India,
P. vivax 1s the predominant species, with 70% of the
infection due to P. vivax, while P. falciparum contributes
to about 25 to 30%. Hyper parasitemia, severe anemia and
cerebral malaria are some of the complications associated
with Plasmodium falciparum (Mossmann and Coffman,
1989). Despite its wide reputation as the benign parasite,
P. nevertheless associated with severe
complication and death. Relapses due to P. vivax can
occur even after 3 to 5 years and may cause death as a
result of high parasitemia (2%) after anemia or ruptured
spleen and thrombocytopenia or rarely cerebral malaria
(Peter, 2000).

Immune response to malara has been variously
described as protective or immune pathogenic
(Mossmann and Coffman, 1989, Luty et al., 1999, Stefen
et al,, 1998). T helper subset response to infections is
mediated by Thl and Th2 cytokines. While Thl response
is associated with up regulation of T1.-2 and TFNy that
promotes cell mediated immunity (Mossmann and
Coffman, 1989). Th2 response 1s associated with IL.-4, IL-5
and IL-10 and supports antibody mediated immunity. In
P. falciparum Thl response has been shown to be
protective, particularly TFNy has been suggested to play
a key role m limiting progression from uncomplicated
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malania to severe and life threatemng complications (Luty
et al, 1999, Stefen et al, 1998). Correlates of
mmmunity to P. vivax infection are not known though it 1s
associated with high rate of morbidity and hospitalization.

Malaria specific metabolite hemozoin mediates the
release of several potent endogenous pyrogens (TNF,
MIP-1 « and MIP-1 pB)
thermoregulation in vive. Knowledge on protective

in vitro and altered
ummune response assumes importance in the context of
development of novel treatment and intervention
strategies infectious
cytokines that promote protective immune response may

to diseases. Identification of

have potential as an adjuvant i vaccines (Sherry et al.,
1995, Singotamu, 1996).

The objective of the present study was to study the
T helper subset response to P. vivax, as it 1s associated
with high rate of morbidity and hospitalization. and also
to study the effect of P. vivax infection on vitamin A and
zinc status, which is known to be altered in mfections
(Villamor et af., 2002; Zinc Agamnst Plasmodium Study
Group, 2002) and their associations with the T helper
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subset. Therefore in the present study, circulating T1.-2,
TFNvy, TL12, TL10, TL-4 and TNFe concentrations were
investigated in patients with P. vivar mfection both in
mild and severe conditions. Serum zinc and vitamin A
were also measured. As IL12 and T1.10 are known to be
regulatory cytokines and TNFw is suggested to be
associated with anemia i malaria, these three cytokines
were determined again in the same patients 1 week after
the infection.

MATERIALS AND METHODS

The present study was carried out at National
Institute of Nutrition, Hyderabad, India. The Institute’s
Scientific Advisory Committee approved the study.
Patients attending the outpatients clime, Hospital for
tropical diseases, Hyderabad, during the months of
August and September, who were diagnosed to be
suffering from malaria on the basis of peripheral blood
smear examination, aged between 20 to 40 years were
enrolled for the study. Patients recruited for the study
were classified into 2 groups based on the density of
parasites i blood. Patients with 1-2 parasites in
occasional High Power Field (HPF) and those with more
than 2-10 parasites in all HPF were classified as
mild/moderate with  high density of
parasitemia with poor climical conditions (vomiting,
dehydration and temperature, =39°C) were classified as
severe. Finally, there were 31 mild and 16 severe cases of
malaria.

Ten apparently normal subjects were selected
randomly for the control group. Patients who received
recent antimalarial treatment and those with other
systemic infections were excluded from the study. After
collecting a venous blood sample, the patients received
treatment as outpatients with sulfadoxin and
pyrimethamin. Venous blood samples from each were
collected for the determination of hemoglobin, packed cell
volume, serum vitamin A and zine and plasma cytokines.

and those

Zinc and vitamin A: Hemoglobin was determined by
cyanmethemoglobin method (Dacie and Lewis, 1985).
Serum zinc was determined by atomic absorption
spectrophotometry (Butrimoritz and Purdy, 1977) and
vitamin A was assayed by HPL.C (JG Bieri et al., 1979).

Cytokine measurement: Plasma concentrations of
IL-2, IFNy, IL12,1L10, IL-4 and TNFe were determimed
by  quantitative  sandwich ELISA technique with
commercially available kits (Diaclone) (Bhaskaram et af.,
2003). The kits provided, precoated plates with specific
monoclonal capture antibody and polyelonal conjugate
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antibody specific forT1.-2, TFNvy, 1112, 1110, TL.-4 and TNF ¢
as detection antibody. Sensitivity of detection for the
cytokine assay was as follows: IL-2, 5 pg mL™; IFNy,
5 pg mL ™" and [L-4 0.5 pg mL .

Log transformed data were compared between groups
using students t-test. When data remamed skewed after
log transformation the Mann Whitney U-test was used.

RESULTS

Mean age of patients was similar and mean number of
days the patients had pyrexia before collection of blood
was similar in mild/moderate (4.2+0.5 day) and severe
(4.440.4 day) malaria. Mean 1mtial hemoglobin
concentration was low (12.2320.01 g dL.™") in both mild
and severe malaria and decreased further to 10.84 and
10.63 g dl.7', respectively after 1 weak. Packed Cell
Volume (PCV) percent showed a similar pattern.

Table 1: Cytokine profile in P vivax infection
P. vivers infection

L2, TL4 and TFNYy, Serum I1.-2, TFNy and TI.-4ranged
from 5.8 to 60.8 pgmL ", 15.5t0 1910 pg mL ™" and 0.18 to
13.5 pg mL ™", respectively in patients, while all the three
cytokines were below detectable range in normal controls.
The mean concentration of T1.2 was higher in mild malaria,
however this was not statistically sigmficant, IFNy was
significantly higher in severe malaria (Table 1). IL4 was
higher in severe malaria, however it was not statistically
significant. Tn addition, the ratio of TFNvy Vs TL-4 was
significantly greater in severe malaria (p<0.025, ANOVA).

112, IL10and TNFe: The IL12 ranged from 85.2 to
464 pg mL. ™" and the mean was 289.5167.94 pg mL. ™" in
mild malaria and was comparable to severe malaria
(240.2+46.24). After one week, with the clearance of
parasites, the IL12 decreased by fifty percent in the mild
malaria, while same level was maintained m the severe
malaria.

The mmtial plasma level of IL10 was 452.7+ 334.33 1n
the mild malaria that was sigmficantly lmgher than in the
severe malaria (279.1+121.8). However after 1 week there

Cytokines (pg mL™") Mild Severe was a 50% increase in IL10 in the severe malaria while it
1L-2 16.9£5.19 11.6+3.33 : : : :
remained the same in mild malaria. The plasma level of
IFNvy 177.3+£40.98 619.74230.7% 0 . P . .
IL4 2.441.0 3.841.00 TNFg was 32.6+3.65 pg mL ™, which was maintained even
P]:ié i?g-;zg-;:‘% ;igfﬁgfg* after 1 week in the mild malaria. However, TNF¢ increased
TNFu 30 6443 65 4434103 by 3 folds from the initial value of 44.3+19.365 pg mL™
Values are mean+SE * p<0.05 in the severe malaria (Fig. 1).
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Fig. 1: Hemoglobin, PCV, IL-10, IL-12 and TNF¢ concentrations 1 week before and after mild and severe malaria
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Table 2: P vivax infection and micronutrient statis

P. vivers infection

Micronutrients (ug dI.™Y) Mild Severe
Zn 59.09+2.73 68.83+8.88*
Vitamin A 25.10+3.52 21.24+5.01

Values are MeantSE *p<0.05
Micronutrients: Serum vitamin A and zinc was done
ina sub sample of 36 patients. Zinc ranged from 40 to
100 pg dL™' with a meantSE of 63.842.6 ug dl.~!
which was much less than the reported normal range
(70-120 ug dL™"). Cut of the 36 patients, 14 had equal to or
more than 70 pg dL™' and the rest (22) had low
concentration (<70 ug dL ") of zinc (Table 2). Serum
vitamin A concentration ranged from 8 to 35 ug dL ™" and
was less than the observed range (20 to 70 pug dL™") in
normal adults. The total mean £5FE of vitamin A was
29.342.41 pg dL7'. Of the 36 patients, 25 had normal
vitamin A (20 pgdl™), While 11 had less than
20 ng dL7" Vitamin A levels did not correlate with
severity of malaria.

DISCUSSION

The T cells play a central role in the regulation of
immune response and formation of immunelogic memory,
which has a critical role i control and elimination of
established infection. Ever since the T helper subsets with
distinct cytokine profile have been described, many
researchers have investigated the role of Thl and Th2
cytokines in various infectious diseases (Mossmann and
Coffman, 1989, Stefen et al., 1998; Barnes ef al., 1993).
Tt
determimant of the outcome of host microbe interactions
through modulation of the immune response (Bhaskaram,
2001). In malaria mfection, P. falciparum received the
widest attention, with some studies showing a key role
for [FNy and IL12 in the protection from P. falciparum
mfection (Luty et al, 1999, Stefen et al, 1998).
Elimination of mtracellular pathogens like malarial
parasites requires proinflammatory  cytokines, such as
TL-2, TFNvy andIT.-12 ete. that mediate cellular immunity.

In the present study the initial concentration of T1.2,
1112 and T 10 were higher in the mild malaria and were
associated with low parasite density, suggesting a critical
role for IL.2 and a fine balance between IL.12 and TL10. In
contrast, mgh concentration of IFNy was associated with
low IL2 levels in severe malaria. Low IL2 levels suggests
diminished activation of TH 1 cells and further suggests
other cell types, such as NK cells (Lilic et of., 1997) and
CD8 cells (Mackan and Rosen, 2001) to be the principle
sources of IFNy in those with severe malaria in the

is an established fact that nutrition 1s a critical
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present study. TL2 cytokine has an important role in
differentiation and proliferation of T helper and T
cytotoxic cells, which have a central role in antigen
specific elimination of infected cells. Present study does
not support a direct involvement of interleukin-4 (TL-4) in
the clearance of P. falciparum parasites.

In 1 week of parasitemia, m both mild and severe,
there 18 signmificant decrease in hemoglobin and PCV.
There 15 a significant increase mn [L-10, TNFa , with a
slight increase 1 IL-12 in severe malaria. High density of
parasites may
monocytes/macrophages, which 1s reflected in increased
secretion of IL10 and TNFe inthe severe malaria after
1 week of parasitemia.

In case of 1 week after mild malaria, there is no
change in I1.-10 and TNFa and there is a significant
decrease in TL.-12 concentration which is expected from a
decreased load of parasitemia.

With increased parasite load in severe malaria, there
1s no concomitant increased production of IL-12. It may
be envisaged that this inability to mount sufficient I1.-12
response may have resulted in poor clearance of the
parasites. High parasite load in severe malaria might have
stimulated the monocyte/macrophage system resulting in
the increased production of TFN-y. Tt is reported that a
more favorable outcome in animal models of malaria has
been associated with increased production of IFN-y.
(Jacobs et al., 1996, Sedegah et al., 1994) and treatment
of lethal murine P. vinckei infection with TFN-y enhanced
the effect of antimalarial treatment (Kremsner et al., 1991).
The mcrease m I1.-12, TNF-¢ (TH1 response) and IL-10
(Th2 response) after 1 week of severe parasitemia, reflects
an adaptive host defense response to increased
parasitemia. In mice, the presence of TNF-alfa and TFNy
are both mmportant early in mfection for good granuloma
formation and control of mfection (Flynn ef al., 1995;
Caruso et al., 1999).

Thus from our study we may conclude that in severe
malaria there i1s an inability to mounta THI response
(IL-2) and to maintain an adequate balance of Thl/Th2
response.

Hemoglobin concentration was low in both mild and
severe malaria as expected and decreased significantly in
1 week after infection. Furthermore the low hemoglobin
concentration was negatively correlated with TNFq,
suggesting a role for this cytokine in the pathogenesis of
anemia and destruction of RBCs, a finding in agreement
with the well-known tissue damaging effects of TNFw.
The mmtial level of TNFg was significantly correlated with
IL.10 concentration (regression analysis) thus indicating
an anti-inflammatory role for IL10 in the regulation of
TNFe.

lead to increased stunulation of
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Both serum zinc and vitamin A were low in P. vivax
mfection i the present study, which could be a response
to acute phase, however, with increasing severity, serum
zine concentrations increased. Zinc is essential for
proliferation and differentiation of immune cells and for
various lymphocyte functions implicated in resistance to
malaria, including production of TgG, TFNy and TNFo.
Thus the high concentration of zine seen i1 malaria in this
study could be an adaptive response to potentiate the
immune response as reflected by the increase in TFNy and
TNFc.

Though there was no significant correlation, higher
vitamin A levels were associated with low IL-2 levels, a
finding, m line with our earlier observation in children
with acute respiratory infection (unpublished). The
findings of this study are also consistent with previous
reports that have shown that vitamin A down regulates
Thl response. Vitamin A deficient mice were shown to
produce high concentration of TFN-vy and I1.12, which are
Thl cytokines that promote the secretion of IL2 cytokine
(Carman et al., 1992). In conformity, high dietary vitamin
A in mice showed down regulation of Thl response
(Cui et ai., 2000)

However, recent studies suggest that micronutrients
such as zinc and vitamin A may reduce P. falciparun:
morbidity through immune modulation or by altering
oxidative stress (Villamor et al, 2002, Zinc Against
Plasmodium Study Group, 2002). Low concentration
of serum zine and reduced morbidity with
zinc  supplementation have been described with
P. falciparum infection, however reduction in morbidity
was not associated with zinc supplementation in P. vivax
infection (Shanker et al, 2000). Vitamin A and zinc
are important immunemodulators and are critical
in determining the outcome of infectious disease
(Munoz et al., 1995). However, while the role of zinc has
been well defined as protective for diarrhoeal diseases,
the precise role of zinc and vitamin A in malaria needs to
be explored.
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