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The purpose of the present study was to measure serum concentrations of stem cell factor (SCF) and
interleukin-3 (IL-3) in patients with acute Plasmodium falciparum malaria. Serum samples from 15 patients
were taken on day of admission and days 7, 14, 21, and 28. Anemia developed in 80% of patients. A transient
increase in IL-3 could be observed at the beginning of the disease. It remains controversial whether the
measured concentrations of IL-3 and SCF correlate with the grade of anemia. The possibly suppressed IL-3
and SCF production may contribute to the prolonged anemia in P. falciparum malaria, as has been shown for
erythropoietin.

The pathophysiologic backgrounds of anemia in malaria are
complex and multifactorial (6, 7). Previous studies suggest that
a depressed erythropoietic response contributes to the devel-
opment of anemia (10). In a previous study we found inade-
quate erythropoietin production in patients with acute severe
Plasmodium falciparum malaria (2).
Stem cell factor (SCF), also known as c-kit ligand, mast cell

growth factor, and steel factor, is a recently identified pleio-
tropic growth factor that may participate in hematopoiesis (4).
Interleukin-3 (IL-3) is a T-lymphocyte-derived, 28-kDa glyco-
protein that supports the viability and differentiation of hema-
topoietic progenitor cells (8). It works as a hematopoietic
growth factor, acting on pluripotent stem cells and leading to
the differentiation and proliferation of early erythrocytes, neu-
trophils, eosinophils, basophils, macrophages, and megacaryo-
cytes. It was the aim of this study to measure SCF and IL-3
concentrations in patients with acute P. falciparum infections
and to evaluate the impact of both growth factors in the patho-
genesis of anemia in these patients.
Location of the study. The study was performed at the Hos-

pital for Tropical Diseases in Bangkok, Thailand. Patients with
malaria met the following criteria: (i) they were between the
ages of 15 and 65 years, (ii) their infection with P. falciparum
was only during the study period, (iii) no application of che-
motherapeutic drugs during the preceding 14 days had been
made, and (iv) they had symptoms of severe and complicated
malaria as defined by World Health Organization criteria (9).
The study was approved by the Ethical Board of the Mahidol
University, and all patients gave informed consent before en-
rolling in the study. Fifteen age- and sex-matched healthy vol-
unteers were used as the negative control group.
Treatment. Malaria was treated with intravenously applied

artesunate or artemisinin derivatives followed by mefloquine.
The control group received no treatment.
Investigations. For routine examination of malaria patients

prior to treatment, a medical history was obtained, a physical
examination was performed, and laboratory studies were con-
ducted. Daily clinical examinations were performed during the

acute phase of the disease. All patients were observed for 28
days. Blood samples for determination of SCF and IL-3 con-
centrations were taken on days 0, 7, 14, 21, and 28.
Laboratory examinations. Routine examinations included

erythrocyte count, hematocrit, leukocyte count, platelet count,
serum electrolytes, total bilirubin, serum creatinine, and liver
enzymes. Blood smears (thick and thin films) were obtained
from finger pricks and stained with Giemsa stain, and parasite
counts were performed (2). Blood smears were performed
every 6 h from initiation of treatment until blood films were
negative for two consecutive examinations; then smears were
done daily.
Serum concentrations of SCF and IL-3 were measured by an

enzyme-linked immunosorbent assay (ELISA) technique using
commercially available kits (Quantikine; R&D Systems). In
brief, these assays employ the quantitative sandwich enzyme
immunoassay technique using monoclonal antibodies specific
for SCF and IL-3.
Statistical analysis. Data were expressed as means and

standard deviations and analyzed by analysis of variance
(ANOVA) and the Tukey test. Spearmen correlation coeffi-
cients between different parameters were performed. P values
of ,0.05 were considered statistically significant.
Clinical findings. The estimated mean duration of fever

before admission into the hospital was 3.7 6 1.8 days. The
highest recorded temperature prior to treatment was 40.28C.
The median parasite count prior to treatment was 338,670
asexual parasites per ml (range, 533 to 1,780,020). The mean
parasite clearance was 48.2 6 19 h.
Course of anemia. Anemia, defined as a hematocrit of less

than 35% (6), developed in 80% of patients. The mean value
of hematocrit was 32.8 6 9.65% on the day of admission,
31.85 6 8.5% on day 7, 29 6 3.29% on day 14, 31.14 6 3.69%
on day 21, and 33.3 6 5.18% on day 28 (Table 1). The mean
lowest hematocrit was 24.75 6 6%, and the mean maximum
fall was 10.18 6 6.44%.
Serum SCF concentrations decreased from 1,571 6 588

pg/ml on the day of admission to 1,443 6 600 pg/ml on day 7
and 1,401 6 464 pg/ml on day 14 and increased to 1,488 6 414
pg/ml on day 21 and finally to 1,523 6 330 pg/ml on day 28
(Table 1). No significance was determined in comparison with
the control group (1,507 6 360 pg/ml).
Serum IL-3 concentrations were highest on the day of ad-
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Währinger-Gürtel 18-20, A-1090, Vienna, Austria. Phone: 143 1
40400 4440. Fax: 143-1-40400 4418.

226



mission (27.07 6 30 pg/ml), decreased to 15.05 6 17.11 pg/ml
on day 7 and 10 6 11.59 pg/ml on day 14, increased to 16.16 6
15 pg/ml on day 21 and finally decreased to 13.68 6 14 pg/ml
on day 28 (Table 1). A significant increase was only calculated
for the serum concentrations on the day of admission in com-
parison to control values (10 6 5 pg/ml; P , 0.05).
A negative correlation was found between SCF and hemat-

ocrit on day 14 (r5 0.5876; P5 0.0279) and day 21 (r5 0.6482;
P 5 0.0194). No correlation was calculated for the following
parameters (on day of admission): IL-3 versus SCF, IL-3 versus
hematocrit, SCF versus hematocrit, IL-3 versus parasite
counts, and SCF versus parasite counts.
The hemopoietic and immune systems are known to be

interrelated via a network of growth factors and cytokines
regulating the proliferation and differentiation of cells. Several
of these factors have been shown to inhibit erythropoiesis in
vitro. These include IL-1, gamma interferon, macrophage in-
flammatory protein-1-alpha (MIP-1-alpha) (2), and tumor ne-
crosis factor alpha (TNF-a). TNF-a has also been shown to
inhibit erythropoiesis in vivo.
We wanted to study whether SCF and IL-3, both growth

factors, could be involved in the pathogenesis of anemia in
patients infected with P. falciparum malaria. SCF, also known
as c-kit ligand, mast cell growth factor, and steel factor, is a
recently identified pleiotropic growth factor that may partici-
pate in the development of early stages of hematopoiesis (4). It
has been demonstrated to be a potent regulator of hematopoi-
etic progenitor cell proliferation. SCF is produced by bone
marrow stromal cells, fibroblasts, endothelial cells, and hepa-
tocytes. In both human and mouse hematopoiesis, SCF acts in
a synergistic manner with various growth factors such as IL-3
and erythropoietin (5).
SCF has the broadest target specificity of any of the haema-

topoietic growth factors. This supports the hypothesis of hier-
archy of action on growth factors in hematopoietic develop-
ment with IL-3 activity on early multipotential progenitors and
erythropoietin on later progenitors. Recent publications have
reported the potential use of IL-3 in the treatment of aplastic
or other anemia. IL-3 may also act as a functional regulator of
mature eosinophils and monocytes. Normally IL-3 is undetect-
able in the blood of healthy animals. In addition, it could be
demonstrated that IL-3 induces antimicrobial and tumoricidal
activities (3).
In the present study we found no significant difference in

serum levels of SCF measured in patients infected with P.
falciparum malaria and those of the control group. A negative
correlation was calculated for SCF and hematocrit on days 14
and 21. However, it seems that serum SCF concentrations are
not mainly influenced during and after P. falciparum infection.
With regard to IL-3, significantly higher concentrations were
determined on the day of admission for infected patients than
were determined for the control group. This may be consid-
ered a response to anemia. Because SCF and IL-3 are growth
factors involved in hematopoiesis, we would expect an anemia-
induced increase of both factors. However, reviewing the re-
cent literature, we could not find any data demonstrating in-
creased serum concentrations of both factors in anemia.
Additionally, interpretation of these values is difficult because
serum concentrations of SCF and IL-3 prior to P. falciparum
infection were not available.
In conclusion, we found transiently elevated IL-3 serum

levels in patients with anemia suffering from acute P. falcipa-
rum malaria. Because of the prolonged anemia observed in
these patients, it is not clear whether this IL-3 increase might
be interpreted as an inadequate response to anemia, as with
erythropoietin production. The therapeutical effectiveness of
both growth factors in the treatment of prolonged anemia in
patients suffering from acute P. falciparum malaria remains to
be the subject of further clinical studies. The high costs of such
treatment will limit its use in developing countries.
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