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ABSTRACT

Background and Objectives. The serum transferrin
receptor (STfR) concentration in an individual
reflects the extent of erythropoietic activity and is
considered a useful marker of iron deficiency inde-
pendent of concurrent inflammation or infection.
However, data on the impact of malaria on this para-
meter are ambiguous. We examined potential asso-
ciations of asymptomatic and mild Plasmodium fal-
ciparum-infections and of several erythrocyte vari-
ants with sTfR values in South West Nigeria.

Design and Methods. In a cross-sectional study
among 161 non-hospitalized children, sTfR concen-
trations and P. falciparum parasitemia were
assessed. In addition, hemoglobin (Hb) and serum
ferritin values, Hb-types, glucose-6-phosphate dehy-
drogenase (G6PD) deficiency and a-globin genotypes
were determined and the effects of these factors on
STfR levels were analyzed by univariate and multi-
variate statistical methods.

Results. P. falciparum-infection was present in 77%
of the children. Mean sTfR levels were higher in
infected than in non-infected children (geometric
mean, 3.68, 95% confidence interval [3.5-3.9] vs.
2.99 [2.7-3.3] mg/L; p = 0.0009). There was a sig-
nificant trend for higher sTfR values with increasing
parasite density. sTfR values decreased continuous-
ly with age. Hb-types, G6PD-, and a-globin genotypes
did not correlate with sTfR levels. In the multivariate
analysis, age, Hb and log ferritin values, and parasite
density of P. falciparum were independently associ-
ated with log sTfR values.

Interpretation and Conclusions. sTfR concentrations
are increased in asymptomatic and mild P. falci-
parum-infections suggesting adequate bone marrow
response in this condition. The diagnostic value of
sTfR levels for iron deficiency may be impaired in
areas where stable malaria occurs.
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falciparum and iron deficiency are predominant risk

factors of childhood anemia.*? The pathogenic
factors involved in malarial anemia are incomplete-
ly understood. In acute and severe malaria, inhibition
of erythropoiesis may aggravate anemia due to
hemolysis of parasitized and non-parasitized ery-
throcytes.36 In highly endemic areas, malaria com-
monly presents as a chronic rather than an acute dis-
ease.” In these infections with low parasite densities,
erythrocyte destruction at schizont rupture and
hemolysis are considered to be the predominant
causes of anemia.? Iron deficiency may be equally
important for anemia in malarial regions, however,
the contribution of this factor cannot easily be esti-
mated. In Africa, the characteristic changes of red
cell indices in iron deficiency, i.e. microcytosis and
hypochromia, may also reflect o*-thalassemia.® Lev-
els of serum transferrin and ferritin can be mislead-
ing in diagnosis since both parameters are affected
by inflammatory processes and malaria.®* The
examination of bone marrow aspirates or a trial with
oral iron substitution are not appropriate for routine
diagnosis of iron status in developing countries.

Transferrin receptors are transmembrane glyco-
proteins that mediate the internalization of trans-
ferrin and iron into cells. The receptors are primari-
ly expressed in tissues of high iron requirement such
as the erythroid marrow.'? During the development
of red cell precursors to erythrocytes, serum trans-
ferrin receptor (sTfR) is released. sTfR levels have
been shown to reflect the extent of erythropoetic
activity’2 and to be increased in iron deficiency,2-14
sickle cell anemia,'®> B-thalassemiat® and «-thal-
assemia.'” Unlike common indices of iron deficiency
(e.g. transferrin, ferritin), sTfR is thought not to be
affected by inflammation or infection.1%* Previous
results indicated that sTfR levels are not altered in P.
falciparum-infection, suggesting that this marker
might be useful to assess the extent of iron-deficien-
cy in malaria-endemic regions.® A recent study from
Vanuatu, however, demonstrated decreased sTfR lev-
els in acute malaria arguing for inhibition of ery-

I n Sub-Saharan Africa, infection with Plasmodium

Haematologica vol. 84(10):0ctober 1999



870 F.P. Mockenhaupt et al.

thropoiesis in manifest disease.® Data on the impact
of asymptomatic or mild P. falciparum-infection on
STfR concentrations are scarce. Such information
could provide further understanding of the patho-
genesis of malarial anemia and help to estimate the
diagnostic value of sTfR levels for iron deficiency in
Africa.

This study was performed to assess possible associ-
ations of asymptomatic and mild P. falciparum-infec-
tion with sTTR levels among non-hospitalized Nigerian
children living in an area of intense malaria transmis-
sion. In addition, associations of sTfR values with age,
serum ferritin concentrations, HbS and HbC traits,
glucose-6-phosphate dehydrogenase (G6PD) defi-
ciency, and a-thalassemia were looked for.

Design and Methods

Out of 695 subjects enrolled in a survey on hema-
tologic indices in the city of Ibadan, Nigeria, and the
neighboring village of Abanla,® sTfR levels were deter-
mined in 161 randomly selected children (86 male,
75 female; aged 0.8-7 year). Asymptomatic children
were recruited from schools and vaccination pro-
grams in Abanla (n = 126) and children presenting
with fever or a history of fever were enrolled at health
posts in Ibadan (n = 35). There were no clinical cas-
es of severe malaria among the children. Parasito-
logical indices of the study group have been described
in detail.*® Children were recruited with informed
consent of their guardians. Ethical approval was
obtained from the Joint Ethical Committee of the Univer-
sity of Ibadan/University College Hospital.

Blood was collected into EDTA and serum tubes.
Hemaoglobin (Hb), packed cell volume (PCV), mean
cell volume (MCV) values and red blood cell counts
(RBC) were determined within 24 hours using a cell
counter (HC 555, Clinicon, Mannheim, Germany).
Malaria parasites were microscopically counted per
100 high power fields of Giemsa-stained thick blood
films. In addition, after extraction of DNA from
blood, a nested P. falciparum-specific polymerase chain
reaction (PCR) assay was performed for all samples.2
Parasite densities were categorized into negative, sub-
microscopic (positive PCR result but negative on blood
film), low (< 1 parasite/high power field [P/F]), and
moderate (>1 P/F).1°® The hemoglobin variants HbS
and HbC were identified by hemoglobin electro-
phoresis.?t G6PD variants were assigned by hybridiza-
tion with mutation-specific oligonucleotides after
PCR-based amplification of sequences of the G6PD-
gene.2 G6PD-genotypes were categorized as G6PD-
normal (Gd8/Gde, Gde/Gd*, Gd*/GdA, Gd®, Gd»), -
heterozygous (Gd&/Gd*-, Gd*/GdA?) and -deficient
(Gd~/GdA, Gd*). The —a37 type of a*-thalassemia
was screened for by two separate PCR assays.?3 Serum
was separated from blood by centrifugation and
stored at -20°C. Serum ferritin values were deter-
mined using a chemoluminescence immunoassay
(Architect 14000, Abott, lllinois, USA). sTfR concen-
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trations were measured by a commercially available
ELISA kit (R&D Systems, Wiesbaden, Germany).

Statistics

Considering the age-dependent increase of Hb val-
ues in children, anemia was defined as: Hb <110 g/L
in children <5 years old and <115 g/L in those =5
< 8 years.?* Individuals were subdivided into the age-
groups of 0-1, 2-3, 4-5, and 6-7 years. Evaluation of
data included only children whose sTfR levels were
within the range of the standard curve of the assay
(0.26-6.80 mg/L). Proportions were compared by x2-
tests. sTfR and ferritin values were normalized by
log10 transformation. Associations of log sTfR and
log ferritin levels with age, sex, anemia, P. falciparum-
infection, Hb-types, G6PD- and «-globin genotypes
were determined by analysis of variance. Correlation
coefficients (R) between log sTfR values and hemo-
globin and log ferritin concentrations, respectively,
were calculated. To adjust for potential confounding
effects, multiple linear regression analysis was per-
formed. Variables were kept in the multivariate mod-
el if they were independently associated with log sTfR
levels (p < 0.05).

Results

Data from 158 children were analyzed. The hema-
tologic data are summarized in Table 1. Anemia was
observed in 57% (90/158) and was most prevalent in
subjects with homozygous «*-thalassemia, in those
with parasite densities > 1 P/F, and in children
younger than two years (Table 2). Seventy-seven per-
cent (121/158) of the children were infected with P.
falciparum. Of these, 24% (29/121) had submicro-
scopic parasite densities detectable only by PCR, 35%
(42/121) exhibited low parasite densities of < 1 P/F
(median 0.45 P/F, range [0.01-1]) and 41% (50/121)
had a moderate parasitemia of more than one P/F
(median: 2.65 [1.1-48] P/F). Infection rates and par-
asite densities did not differ with age-groups, sex, Hb-
types, G6PD- or a-globin genotypes (data not
shown). Sixty-four percent (78/121) of P. falciparum-
infected children were anemic as compared to 32%

Table 1. Hematologic data of the study group.

Age-group No. Hb* PCV* RBC MCV*
(yrs) (9/1) (L/L) (x 10%2/L) (fL)

0-1 41 102.5+13 32.8+3.6 4.37+0.7 74.846.9
2-3 62 108.1+10 34.5+3.9 4.36+0.6 79.1#52
4-5 38 110.7+13 35.2+3.9 4.33+x0.6 81.6%6.2
26 17 113.2+14 35.1+4.7 4.35+0.6 81.1#52
total 158 108413 34.3+x3.9 4.36x0.6 78.9+6.4

*Increase with age, p (ANOVA) < 0.05; for PCV and MCV: n = 150. Data are
given as means + standard deviations.
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Table 2. Factors influencing ferritin and serum transferrin
receptor levels; univariate analysis.

No. anemic (%)  Ferritin® sTfR®
Hb-type
AA 119 67 (56) 54.1(46-63) 3.56 (3.3-3.8)
AS 26 15(58) 70.1(47-105) 3.29(2.9-3.7)
AC 13 8(62) 91.8(53-160) 349 (2.8-4.3)
F=27,p=0.07 F=0.6,p=0.58
G6PD-genotype*
normal 118 67 (57) 55.6 (47-65) 3.45(3.3-3.7)
heterozygous 18 9 (50) 67.2 (43-106) 3.48(2.9-4.2)
deficient 20 12(60) 73.9(45-122) 3.78 (3.1-4.5)
F=11,p=035 F=06,p=054
a-globin genotype
oo/ 85 39 (46) 55.2(46-67) 3.53(3.3-3.8)
-a/aa 59 39(66) 67.4(53-86) 3.37(3.1-3.7)
-a/-a 14 12 (86)" 50.4 (33-76) 4.00 (3.3-4.9)
F=11,p=034 F=15p=0.23
Anemia
none 68 - 43.3 (36-52) 3.34(3.1-3.6)
anemia 90 90 (100) 74.6 (61-91) 3.64 (3.4-3.9)

F=15.6,p=0.0001 F=26,p=0.11

Sex
male 84 47 (56) 58.3 (46-73) 3.66 (3.4-3.9)
female 74 43(58) 59.8 (51-70) 3.34(3.1-3.6)

F=003,p=087 F=30,p=0.09

Age (years)
0-1 41 29(71) 43.6(31-61) 4.04 (3.6-4.5)
2-3 62 33(53) 52.5(44-63) 3.50 (3.2-3.8)
4-5 38 20(53) 82.0(62-109) 3.30(3.0-3.7)
26 17 8(47) 89.5(61-131) 2.88(2.5-3.4)

F=52,p=0002 F=50,p=0002

P. falciparum-infection

none 37 12(32) 34.0(25-46) 2,99 (2.7-3.3)
PCRonly 29 16(55) 51.4(35-76) 3.48 (3.0-4.0)
<1P/F 42 22(52) 76.1(59-98) 3.48 (3.1-3.9)
>1P/F 50 40(80) 77.6(65-93) 4,00 (3.7-4.3)

F=8.6,p<0.0001 F=5.7p=0.001

°Geometric mean (95% confidence interval); *for G6PD-genotyping: n = 156;
aal aa, normal a-globin genotype; —a/ aa, heterozygous and —a/-a, homo-
zygous a*-thalassemia; *P/F, parasites/high power field; “prevalence of ane-
mia differs with groups, p (x?) < 0.01.

(12/37) of non-infected ones (x2=11.9, p = 0.001).

sTfR concentrations ranged from 1.55 to 6.65
mg/L (geometric mean: 3.51 mg/L). There was no
significant effect of Hb-types, G6PD-, or a-globin
genotypes on sTfR levels (Table 2). Log sTfR corre-
lated negatively with hemoglobin concentrations (R
=-0.28, p = 0.0004). A trend only for increasing log
STIR values with decreasing log ferritin concentra-
tions was observed (R =-0.126, p=0.1). Ferritin con-
centrations were increased in P. falciparum-infection
(Table 2). In non-infected individuals, log sTfR and
log ferritin values were significantly correlated (R = -
0.497, p = 0.002).

With increasing age, mean sTfR levels decreased
significantly from 4.04 mg/L (95% confidence inter-
val [3.6-4.5]) in the age group of 0-1 year to 2.88
[2.5-3.4] mg/L in children of 6 years and older (F =
5.04, p = 0.002). Males were younger than females
(median age: 2.6 vs. 3.1 years, p [Mann-Whitney U
test] = 0.01) and tended to have slightly higher sTfR
values (F = 3.0, p =0.09).

Mean sTfR values were higher in P. falciparum-infect-
ed than in non-infected children (3.68 [3.5-3.9] vs.
2.99 [2.7-3.3] mg/L, F = 11.53, p = 0.0009).
Although there was a considerable overlap of sTfR
concentrations between non-infected and infected
children grouped by parasite densities (Table 2), a
significant trend for higher sTfR levels with increasing
parasite density (F =5.67, p = 0.001) was observed.

In the multivariate analysis, hemoglobin concentra-
tions (regression coefficient b =-0.023, standard error
[SE] =0.01, p = 0.02), log ferritin values (b = - 0.094,
SE =0.032, p = 0.003), age-groups (b =-0.027, SE =
0.013, p=0.03) and the categorized P. falciparum-den-
sities (b = 0.042, SE = 0.01, p < 0.0001) were inde-
pendently associated with log sTfR levels (equation:
sTfR (log) = 0.945 + 0.042 x P. falciparum density
(categ.) - 0.027 x age-group (categ.) —0.094 x ferritin
(log) - 0.023 x Hb). Thus, in the multivariate model,
the adjusted geometric means of sTfR values
decreased by a factor of 1.1 with each age-group,
whereas they increased by the same factor with each
category of P. falciparum-infection. Age, hemoglobin,
log ferritin and parasite density accounted for 24% of
the variation in log sTfR values in the study group (R?
=0.24).

Three children had sTfR concentrations above the
highest control value (6.8 mg/L). All three subjects
were < 2 years of age, infected with P. falciparum, ane-
mic, and had normal ferritin values (31, 124, and
177 ng/mL).

Discussion

Factors involved in malarial anemia include hemol-
ysis of parasitized erythrocytes and increased clear-
ance of non-parasitized ones® as well as an inade-
quate bone marrow response. In several studies on
human and murine malaria, inhibition of erythro-
poiesis and dyserythropoiesis have been described*>
and attributed to inhibitory cytokines released during
the course of infection.® 25

The degree to which hemolysis and bone marrow
depression contribute to malarial anemia is not well
understood. In this study, sTfR levels were signifi-
cantly raised in asymptomatic or mild P. falciparum-
infection and increased with parasite density. This is
in contrast to a possible impairment of erythropoiesis
due to malarial infection in these children as sTfR lev-
els have been shown to reflect the extent of erythro-
poietic activity.*? Hemolysis has been suggested to
be the main factor responsible for the anemia of P.
falciparum-infection in children with low parasite den-
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sities in Tanzania.2 In murine models, marrow ery-
throphagocytosis and dyserythropoiesis were found
in mice with severe illness due to P. berghei-infection,
but not in infected asymptomatic controls.® Likewise,
no signs of dyserythropoiesis were noticed among
subjects with chronic P. falciparum-infection and low
parasite densities in another study.?¢ In our study,
77% of children were infected with P. falciparum, the
majority of whom exhibited low or submicroscopic
parasite densities. The increased sTfR levels in these
children with mild or asymptomatic malaria indicate
an adequate erythropoietic response to malarial ane-
mia. This suggests that hemolysis rather than inhibi-
tion of erythropoiesis constitutes the leading cause of
anemia in this group. Accordingly, children with sub-
clinical malaria tended to have higher sTfR values
than non-infected ones or those with clinical malar-
ia in a previous report.1® A recent study from Vanu-
atu has demonstrated reduced sTfR levels in children
with acute malaria attacks underlining the role of
dyserythropoiesis in clinical disease.® In contrast to
our results, the authors reported similar sTfR levels in
a small group of children with asymptomatic infec-
tions and in non-infected controls. There are several
possible explanations for the contradictory findings.
In Vanuatu, malaria epidemiology is markedly differ-
ent from that in Nigeria. Prevalence rates of malaria
are about 30% throughout the year.2” Hence, asymp-
tomatic infections are less likely to occur and may be
of shorter duration. In the study in Vanuatu, the
asymptomatic malaria group consisted of 12 and 6
patients infected by P. falciparum and P. vivax, respec-
tively. It has been shown that different strains of P. fal-
ciparum vary considerably in their ability to induce
production of tumor necrosis factor, a cytokine
thought to be involved in inhibition of erythro-
poiesis.528 It is, therefore, conceivable that geo-
graphical diversity of parasite strains and species may
account for different effects on erythropoiesis. Final-
ly, in Vanuatu, asymptomatically infected children
were younger than controls, which again might be
responsible for the conflicting results.

In the multivariate analysis, age was shown to be
independently associated with sTfR levels. Highest
mean values were observed in infants younger than
two years. A similar continuous decline of sTfR con-
centrations with age is seen in healthy European chil-
dren (Suominen et al., personal communication). This find-
ing may reflect a high turn-over of erythrocytes and
raised iron requirement during growth. In Nigeria, as
has been shown in other developing countries,2°30
iron deficiency can be expected to be particularly
common in early childhood. Correspondingly, fer-
ritin values increased with age in our study. Ferritin
concentrations were higher in anemic than in non-
anemic children. This finding may result from the pre-
dominant role of P. falciparum-infection in anemia in
this population and from the known bias of malari-
al infection on ferritin levels.%10
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Hb-types, G6PD-, and a-globin genotypes did not
correlate with sTfR values. sTfR levels have been
found to be markedly elevated in subjects with sick-
le cell disease (HbSS and HbSC).5 In our study, chil-
dren with HbAS and HbAC had sTfR values similar to
those in subjects with HbAA. A slightly, but not sig-
nificantly higher mean sTfR was seen in G6PD-defi-
cient subjects. Reticulocytosis is commonly found in
G6PD-deficiency during steady state due to moder-
ate hemolysis and, subsequently, a young red cell
population.3! In contrast to the Mediterranean type
of G6PD-deficiency, the Gd*- type is characterized by
far greater enzyme activity and, consequently, less
hemolysis in the steady state.32

Recently, increased sTfR concentrations have been
described in both heterozygous and homozygous a*-
thalassemia and attributed to an expansion of the
erythron in these conditions.t” Within the small range
of values in our study, sTfR levels were higher, but
not significantly, in homozygous carriers of o*-thal-
assemia than in non-thalassemic children. This is
consistent with an elevated pyruvate kinase activity,
a surrogate marker of red cell age, in a*-thalassemia
suggesting an increased proportion of young red cells
in this trait (May, unpublished observation).

In conclusion, sTIR levels are raised in children with
asymptomatic or mild P. falciparum-infection. This
finding suggests effective erythropoiesis in response
to hemolysis of red blood cells in these children. Nev-
ertheless, it is likely that in acute and severe malaria,
erythropoietic depression may prevail and lead to
decreased sTfR concentrations. P. falciparum-infection
and age have to be regarded as confounding factors
when assessing sTfR values. Due to the high preva-
lence of asymptomatic malaria, the value of sTfR
concentrations in the diagnosis of iron deficiency in
Africa is questionable.

Contributions and Acknowledgments

FPM, JM and UB conceived and designed the study. UB,
AGF and CGM were responsible for recruitment, and para-
sitologic and hematologic measurements. PCR and ELISA
assays were done by FPM and JM. FPM and KS did the sta-
tistical analysis and wrote the paper with major contributions
from CGM, AGF, JM and UB. The order of authorship
reflects the contribution to the study with UB being the prin-
cipal investigator.

We thank Dr. P. E. Olumese and Dr. O. G. Ademowo for
help in collecting samples.

Funding

This work was supported by the Volkswagen Foundation,
the Fazit Foundation and by a grant from the Sonnenfeld
Foundation to FPM. sTfR ELISA kits were kindly provided by
R&D Systems, Wieshaden, Germany.

Disclosures

Conflict of interest: none.

Redundant publications: no substantial overlapping with
previous papers.



Serum transferrin receptor levels in malaria

Manuscript processing
Manuscript received March 2, 1999; accepted June 18,
1999.

References

1.

10.

11.

12.

13.

14.

15.

16.

Stoltzfus RJ, Chwaya HM, Tielsch JM, Schulze KJ,
Albonico M, Savioli L. Epidemiology of iron deficien-
cy anemia in Zanzibari schoolchildren: the importance
of hookworms. Am J Clin Nutr 1997; 65:153-9.

. Kitua AY, Smith TA, Alonso PL, et al. The role of low

level Plasmodium falciparum parasitaemia in anaemia
among infants living in an area of intense perennial
transmission. Trop Med Int Health 1997; 2:325-33.
Looaresuwan S, Merry AH, Phillips RE, et al. Reduced
erythrocyte survival following clearance of malarial
parasitaemia in Thai patients. Br ] Haematol 1987;
67:473-8.

Dormer P, Dietrich M, Kern P, Horstmann RD. Inef-
fective erythropoiesis in acute human falciparum
malaria. Blut 1983; 46:279-88.

Silverman PH, Schooley JC, Mahlmann LJ. Murine
malaria decreases hemopoetic stem cells. Blood 1987;
69:408-13.

Clark LA, Chaudhri G. Tumour necrosis factor may
contribute to the anaemia of malaria by causing
dyserythropoiesis and erythrophagocytosis. Br J
Haematol 1988; 70:99-103.

Bottius E, Guanzirolli A, Trape JF, Rogier C, Konate L,
Druilhe P. Malaria: even more chronic in nature than
previously thought; evidence for subpatent para-
sitaemia detectable by the polymerase chain reaction.
Trans R Soc Trop Med Hyg 1996; 90:15-9.

. Mockenhaupt FP, Falusi AG, May J, et al. The contri-

bution of a+-thalassaemia to anaemia in a Nigerian
population exposed to intense malaria transmission.
Trop Med Int Health 1999; 4:302-7.

Ayatse JO, Ekanem EE. Plasmodium falciparum malar-
ia: its effects on some haematological parameters in
normal and sickle cell Nigerian children. Trop Med
Parasitol 1994; 45:219-22.

Kuvibidila S, James MA, Warrier RP, Yu RP, Ode D,
Tshefu KA. Soluble transferrin receptor as an index of
iron status in Zairian children with malaria. J Trop
Med Hyg 1995; 98:373-8.

Olivares M, Walter T, Cook D, Llaguno S. Effect of
acute infection on measurement of iron status: use-
fulness of the serum transferrin receptor. Int J Pediatr
Hematol Oncol 1995; 2:31-3.

Huebers HA, Beguin Y, Pootrakul P, Einspahr D, Finch
CA. Intact transferrin receptors in human plasma and
their relation to erythropoiesis. Blood 1990; 75:102-
7.

Kohgo Y, Niitsu Y, Kondo H, et al. Serum transferrin
receptor as a new index of erythropoiesis. Blood 1987;
75:102-5.

Suominen P, Punnonen K, Rajamaki A, Irjala K. Serum
transferrin receptor and transferrin receptor-ferritin
index identify healthy subjects with subclinical iron
deficits. Blood 1998; 92:2934-9.

Singhal A, Cook D, Skikne BS, Thomas P, Serjeant B,
Serjeant G. The clinical significance of serum trans-
ferrin receptor levels in sickle cell disease. BrJ Haema-
tol 1993; 84:301-4.

Gimferrer F, Ubeda J, Remacha AF. Serum transferrin

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

873

receptor levels are "physiologically" high in heterozy-
gous beta-thalassemia. Haematologica 1997, 82:728-
9

Rees DC, Williams TN, Maitland K, Clegg JB, Weather-
all DJ. Alpha thalassaemia is associated with increased
soluble transferrin receptor levels. Br ) Haematol 1998;
103:365-9.

Williams TN, Maitland K, Rees DC, et al. Reduced sol-
uble transferrin receptor concentrations in acute
malaria in Vanuatu. Am J Trop Med Hyg 1999; 60:
875-8.

May J, Mockenhaupt FP, Ademowo OG, et al. High
rate of mixed malarial infections and submicroscopic
parasitemia in South West Nigeria. Am J Trop Med
Hyg 199; 61:339-43.

Snounou G, Viriyakosol S, Zhu XP, et al. High sensi-
tivity of detection of human malaria parasites by use
of nested polymerase chain reaction. Mol Biochem
Parasitol 1993; 61:315-20.

Huisman THYJ, Jonxis JHP. The Hemoglobinopathies:
Techniques of Identification. New York: Marcel
Dekker, 1977.

Beutler E, Vulliamy T, Luzzatto L. Hematologically
important mutations: glucose-6-phosphate dehydro-
genase. Blood Cells Mol Dis 1996; 22:49-56.
Smetanina NS, Huisman THJ. Detection of «-thal-
assemia-2 and its corresponding triplication aaa
(anti-3.7 kb) by PCR: improved technical change. Am
J Hematol 1996; 48:202-3.

Oski FA. Differential diagnosis of anemia. In: Nathan
DG, Oski FA, eds. Hematology of infancy and child-
hood. Philadelphia: WB Saunders, 1992. p. 346-53.
Yap GS, Stevenson MM. Inhibition of in vitro erythro-
poiesis by soluble mediators in Plasmodium chabaudi AS
malaria: lack of a major role for interleukin 1, tumor
necrosis factor-a, and vy interferon. Infect Immun
1994; 62:357-62.

Gandapur AS, Malik SA, Razig F. Bone marrow
changes in human malaria: a retrospective study. J Pak
Med Assoc 1997; 47:137-9.

Maitland K, Williams TN, Bennett S, et al. The inter-
action between Plasmodium falciparum and P. vivax in
children on Espiritu Santo island, Vanuatu. Trans R
Soc Trop Med Hyg 1996; 90: 614-20.

Allan RJ, Beattie P, Bate C, et al. Strain variation in
tumor necrosis factor induction by parasites from chil-
dren with acute falciparum malaria. Infect Immun
1995; 63:1173-5.

Smith AW, Hendrickse RG, Harrison C, Hayes RJ,
Greenwood BM. Iron-deficiency and its response to
oral iron: report of a study in rural Gambian children
treated at home by their mothers. Ann Trop Paediatr
1989; 9:6-16.

Linpisarn S, Tienboon P, Promtet N, Putsyainunt P,
Santawanpat S, Fuchs GJ. Iron deficiency and anaemia
in children with a high prevalence of haemoglo-
binopathies: implications for screening. Int J Epi-
demiol 1996; 25:1262-6.

Ragusa R, di Cataldo A, Gangarossa S, lo Nigro L,
Schiliro G. Low-grade haemolysis and assessment of
iron status during the steady state in G6PD-deficient
subjects. Acta Haematol 1993; 90:25-8.

Bienzle U, Sodeinde O, Effiong CE, Luzzatto L. Glu-
cose 6-phosphate dehydrogenase deficiency and sick-
le cell anemia: frequency and features of the associa-
tion in an African community. Blood 1975; 46:591-7.

Haematologica vol. 84(10):0ctober 1999





