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INTRODUCTION
Anemia is the most common hematological complication in HIV-infected adults[1,2] and is
positively associated with disease progression[3-5]. In adults anemia results primarily from
reduced erythropoiesis[6-9]. Information about anemia mechanisms in HIV-infected
children is scarce[10-13] and there have been no pediatric studies from sub-Saharan Africa.

We have previously reported that HIV infection was more common among severely anemic
Malawian children than in a carefully selected control population (13% vs. 6%, p<0.001)
[14]. The aim of the present study was to determine if HIV infection was associated with
reduced erythroid precursor cells, or increased rates of apoptosis and dyserythropoiesis, and
to investigate the role of cytokines, erythropoietin and plasma vitamin A in reducing
apoptosis.

MATERIALS&METHODS
This study was part of a large case-control study investigating the etiology of severe anemia
in southern Malawi[14]. All children aged 6-60 months with a primary diagnosis of severe
anemia, (hemoglobin concentration<5g/dl) and no blood transfusion within the previous
month were recruited prospectively between 2002 and 2004. HIV-uninfected children aged
6-60 months with no obvious signs of infection and undergoing elective operations were
recruited as controls.
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An automated full blood count, including reticulocytes, was performed on peripheral blood
samples (Beckman Coulter, South Africa). Malaria slides were read by two independent
microscopists. Stained bone marrow aspirate smears from all children were used to
determine the myeloid:erythroid ratio[15] and assess dyserythropoiesis, which was defined
and scored according to a published protocol[16].

C-reactive protein (CRP) and erythropoietin were determined using a Roche p800/e170
system (Roche, Switzerland). Inflammatory cytokine profiles were measured by Cytometric
Bead Array flow cytometry (FACS-Calibur, BD Biosciences, USA). Serum vitamin A
(retinol) was measured using high performance liquid chromatography[17]. HIV testing was
performed using two rapid tests (Determine, Abbott-Laboratories, Japan; Unigold, Trinity-
Biotech, Ireland). Reactive results in children less than 18 months and discordant results
were resolved by PCR[18].

Fresh bone marrow aspirates underwent automated cell count (Coulter counter) and four
color flow cytometry (FACS-Calibur, BD Biosciences, USA). Bone marrow cells were
separated and incubated with different combinations of: CD14-PE-Cy5 (Tük4), CD34-FITC/
PE (QBEND/10), CD36-PE (CLB-IVC7), CD235a-FITC (CLB-AME-1) (Sanquin
Reagents, The Netherlands), Laser Dye Styril-751 (LDS, Applied Laser Technology, The
Netherlands), and Annexin-V and Propidium-iodide (IQ-products, The Netherlands)[19]

Patient characteristics and hematological variables were compared using Chi-square and
Fisher exact test, student t and Mann-Whitney U-tests. Correlations were assessed using
Pearson or Spearman correlation coefficients. A two-sided significance level was set at
p=0.05.

RESULTS
Complete data (bone marrow samples and HIV tests) for this study were available for 329 of
381 children enrolled in our original case-control study. The original study had shown that
bacteremia, malaria, hookworm, HIV, G6PD, and vitamin A and B12 deficiency were
associated with severe anemia. Iron deficiency was negatively associated with severe
anemia. Folate deficiency and sickle cell disease were uncommon[14].

Forty of the 329 children (12%) were infected with HIV. Their median age was 25
compared to 16 months for HIV-uninfected children (p<0.01). No significant differences
were found between HIV-infected and uninfected children with regard to other baseline
characteristics, mean hemoglobin levels (p=0.67) or other erythrocytic indices (Table1).

HIV-infected children had fewer bone marrow CD34+ hematopoietic progenitors, erythroid
progenitor cells and erythroid precursor cells than HIV-uninfected children, but numbers of
bone marrow pro-erythroblasts, basophilic erythroblasts and polychromatic erythroblasts,
and peripheral blood reticulocytes were similar (Table1). Correction for age or malaria did
not alter the results (data not displayed).

Dyserythropoiesis occurred in 2.8% and 3.8% of erythroid precursors in HIV-infected and
uninfected children respectively (p=0.12, Table1). The proportions of viable erythroid
precursor cells and those at various stages of apoptosis were similar between the two groups
(Table1). The proportions of dyserythropoietic cells and red cells undergoing early apoptosis
were positively correlated (r= 0.34, p=0.01). There were no correlations (range r=−0.14 –
+0.15) between the proportion of either dyserythropoietic or apoptotic cells and the
peripheral blood concentrations of cytokines TNF-α (p=0.90 and 0.28), IFN-γ (p=0.15 and
0.36), IL-10 (p=0.74 and 0.19), erythropoietin (p=0.22 and 0.83), or vitamin A (p=0.83 and
0.22).
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DISCUSSION
This study is the first detailed prospective analysis of erythropoiesis using bone marrow
samples and flow cytometry in HIV-infected children. HIV-infected children with severe
anemia had 33% fewer CD34+ hematopoietic progenitors and 35% less erythroid
progenitors in their bone marrow than uninfected children. This supports the hypothesis that
red cell production failure is an important cause of severe anemia in HIV-infected children
and may be caused by a reduced stem cell capacity[21]. However the proportion of more
mature erythroid precursor cells in bone marrow or peripheral blood (reticulocytes) did not
differ between the two groups, suggesting that HIV-uninfected children had less efficient
later stages of erythropoiesis than HIV-infected children. This is supported by the trend
towards less dyserythropoiesis and apoptosis in HIV-infected children, but is in contrast to
previous reports suggesting that anemia due to dyserythropoiesis is more common in later
stages of HIV disease[2,10]. Alternatively the lost CD34 cells in HIV-infected children may
have been precursors that were not committed to erythropoiesis.

HIV infection affects hematopoietic processes[22] possibly through abnormal expression of
cellular genes and cytokines. The African HIV-IC subtype can directly infect CD34+
hematopoietic progenitors[23]. Unlike previous studies[24,25] we found no association
between dyserythropoiesis or apoptosis and altered cytokine levels or vitamin A
deficiency[26,27], despite 90% of children having vitamin A deficiency[14]. More intensive
investigations might identify cytokines that affect regulatory signals and could potentially be
therapeutic targets to reduce hemopoietic inhibition in HIV patients.

In common with previous studies we did not find any differences in peripheral blood
erythrocytic indices or bone marrow microscopy in HIV-infected compared to uninfected
children[6-8,10,28], possibly because of the multi-factorial etiology of anemia in African
children[14,29].

None of the children were on anti-retroviral therapy, which can exacerbate blood and bone
marrow abnormalities[30]. Although not all tests were done on all children the large sample
size increases confidence that the study sample was representative.

The findings in these severely anemic Malawian children indicate that despite an HIV-
associated reduction in early red-cell precursors, subsequent erythropoiesis appears to
proceed similarly in HIV-infected and HIV-uninfected children with severe anemia.
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