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tory variables hemoglobin type, α+thalassemia genotype,
age (in 2 year blocks), sex, fever (> or ≤37.5°C), malaria
parasite positivity, C-reactive protein, and status unclas-
sifiable (0,1). We found no evidence for an association
between either hemoglobinopathy and protection
against iron deficiency: the adjusted ORs for –α/αα and
for –α/–α were 1.51 (0.76,3.01; p=0.239) and 0.94
(0.40,2.20; p=0.880), respectively and the OR for HbAS
was 1.27 (0.55,2.90; p=0.572). Moreover, while the
prevalence of iron deficiency declined with age in com-
pletely normal children (αα/αα with HbAA) [OR 0.28 in
children <24 months compared to children <24 months
of age (0.08,0.94); p=0.039; n=54], it did not decline in
either heterozygous [OR 0.47 (0.18,1.23); p=0.124;
n=94], or homozygous [OR 1.03 (0.23,4.53); p=0.967;
n=37] α+thalassemia. Too few children had the genotype
αα/αα and HbAS (n=6) to allow for meaningful interpre-
tation. Although data on biochemical iron markers have
been presented for both α+thalassemia and HbAS in sever-
al African populations,8 it is difficult to interpret such data
in the absence of information on fever, inflammatory
markers, or malaria parasitemia. In the current study we
took account of these parameters, and found no evidence
that either condition protects against iron deficiency.
While it is well established that both HbAS and α+tha-
lassemia are strongly protective against severe P. falciparum
malaria,1,9 susceptibility is also affected by a range of other
host-related factors. There is some evidence to suggest
that iron deficiency may protect against malaria,10 a
hypothesis supported by our recent observations on the
coast of Kenya.6 In this context, the trend we found
towards reduced iron status in both conditions is interest-
ing - if this holds up in further studies it could constitute
one mechanism by which these conditions result in malar-
ia protection.
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Immunodeficiency Syndromes

Neutropenia in Iranian patients with primary
immunodeficiency disorders

Neutropenia may occur in some of the primary
immunodeficiency disorders. We reviewed the
records of 56 neutropenic patients. The most com-
mon disorders were Shwachman-Diamond syn-
drome, cyclic neutropenia, Kostmann disease,
Chediak-Higashi syndrome, hyper IgM syndromes,
severe combined immunodeficiency, hyper IgE syn-
drome, and common variable immunodeficiency. 
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Primary immunodeficiency disorders (PiD) are relative-
ly rare disorders, characterized by an unusual susceptibil-
ity to infections.1,2 Some conditions with PiD may also
feature neutropenia as a consequence of either an inter-
current infection or an autoimmune disease.3,4 The pres-
ent study reports the clinical and laboratory findings of
Iranian PiD patients with associated neutropenia from a
main immunodeficiency referral center in Iran.

Four hundred and seventy-four patients with the diag-
nosis of PiD have so far been referred to the Iranian
Primary Immunodeficiency Registry (IPIDR) during a 24-
year period (1980-2004).2 A review of the clinical records
of all these patients identified 56 (11.8%) with associated
neutropenia. These patients’ data were collected by inter-
view and review of their medical documents.

The characteristics of the 56 cases (32 males, 24
females) with associated neutropenia are shown in Table
1. The mean age of these patients with neutropenia was
10.7±5.7 years (range: 2-25 years), and they were fol-
lowed through a period of 7.9±4.6 years. The median age
at the onset of the PiD disorder was 6.5 months (1-134).
The median age at the time of PiD diagnosis was 3 years
(2 months-13 years), with a median diagnosis delay of 23
months (<1 month - 12 years). Thirty-nine out of these
patients are alive, 10 patients could not be located since
one year previously, and the remaining 7 patients have
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died because of recurrent infections. Laboratory analysis
revealed that the absolute neutrophil count was low in
these patients, with the mean count being 0.666±
0.423×109/L (range: 0.025-0.1376×109/L) at the time of
diagnosis. The median counts of white blood cells and
monocytes were: 3.635×109/L (range: 1.62-9.6×109/L) and
0.204×109/L (range: 0.024-1.48×109/L), respectively.

Table 1A. Frequency of neutropenia in primary immunodeficiency
disorders.

Name of Registered Patients Incidence
disease patients with neutropenia of 

(n=474) (n=56) neutropenia

Number Percent Number Percent

Deficiencies predominantly affecting antibody production

X-linked 45 9.49 3 5.36 6.67%
agammaglobulinemia

Common variable 109 22.99 13 23.21 11.93%
immunodeficiency

Selective IgA 35 7.38 0 0 0%
deficiency

IgG subclass 10 2.11 0 0 0%
deficiency

Combined B- and T-cell deficiencies

Severe combined 19 4.01 3 5.36 15.79%
immunodeficiency

Hyper IgM syndromes 8 1.69 3 5.36 37.5%

Table 1B. Frequency of neutropenia in primary immunodeficiency
disorders.

Name of Registered Patients Incidence
disease patients with neutropenia of 

(n=474) (n=56) neutropenia

Number Percent Number Percent

Other well-defined immunodeficiency syndromes

Wiskott-Aldrich syndr. 8 1.69 0 0 0%
DiGeorge anomaly 1 0.21 0 0 0%
Hyper IgE syndrome 15 3.16 2 3.57 13.33%
Chronic mucocutaneous 12 2.53 1 1.79 8.33%
candidiasis
Ataxia - telangiectasia 75 15.82 3 5.36 4%

Defects of phagocyte function

Chronic granulomatous 81 17.09 2 3.57 2.47%
disease
Leukocyte adhesion 17 3.59 1 1.79 5.88%
defects
Chediak-Higashi 10 2.11 5 8.93 50.00%
syndrome
Myeloperoxidase 2 0.42 0 0 0%
deficiency
Cyclic neutropenia 7 1.48 7 12.5 100%
Kostmann disease 6 1.27 6 10.71 100%
Shwachman-Diamond 7 1.48 7 12.5 100%
syndrome

Defects of the complement proteins

C1 inhibitor deficiency 5 1.05 0 0 0%
C2, C4 deficiency 2 0.42 0 0 0%

Table 2. Laboratory findings of neutropenic patients according to type of primary immunodeficiency disorder.

Primary immunodeficiency disorder Absolute neutrophil Severity of Pattern of 
count neutropenia neutropenia

Median (range) Severe Moderate Mild Transient Recurrent Chronic Leukopenia

X-linked agammaglobulinemia 1368 (696-1368) − 1 2 3 − − 1
Common variable immunodeficiency 910 (25-1324) 5 5 3 7 2 4 1
Severe combined immunodeficiency 567 (288-1376) 1 1 1 − − 3 9
Hyper IgM syndromes 768 (200-864) 1 2 − 1 − 2 2
Hyper IgE syndrome 860 (384-1336) 1 − 1 2 − − −
Chronic mucocutaneous candidiasis 1176 − − 1 1 − − −
Ataxia - telangiectasia 1080 (776-1353) − 1 2 3 - − 3
Chronic granulomatous disease 1183 (1080-1286) − − 2 2 − − 1
Leukocyte adhesion defects 195 1 − − − − 1 −
Chediak-Higashi syndrome 551 (312-1152) 2 2 1 − − 5 4
Cyclic neutropenia 250 (74-900) 6 1 − − 7 − 3
Kostmann disease 333 (188-625) 4 2 − − − 6 2
Shwachman-Diamond syndrome 435 (213-1200) 5 1 1 − 2 5 6
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According to the classification of neutropenia, 26 patients
suffered from severe, 16 moderate, and 14 from mild
neutropenia. Single episodes of transient neutropenia
have been seen in 19 patients. Twenty-six had experi-
enced chronic neutropenia and 11 cases had recurrent
neutropenia (Table 2). Also, 32 out of these patients
showed leukopenia (57.1%), 24 had anemia (42.9%), 11
thrombocytopenia, and only 3 patients had monocytosis.
The most common infections during the course of the ill-
ness were respiratory infections, which were seen in 48
patients (85.7%). Other manifestations were: pneumonia
(30 cases), otitis media (28 cases), acute diarrhea (28
cases), abscess (24 cases), oral candidiasis (23 cases), oral
ulcers (17 cases), cutaneous infections (16 cases), and
sinusitis (12 cases). Other less frequent infections were:
periodontitis or conjunctivitis (5 cases), cystitis (2 cases),
meningitis (2 cases), and osteomyelitis (1 case). Abscesses
were detected in different sites, including: perianal (8
cases), cutaneous (7 cases), submandibular (4 cases), mas-
toidal (3 cases), dental (3 cases), liver (2 cases), peritonsil-
lar (2 cases), lung (1 case), and soft tissue (1 case). The
non-specific signs of hepatomegaly and splenomegaly
had already been found in 41.1% and 32.1% of the
patients, respectively. All of the patients with single
episodes of neutropenia had had infectious complications
during the neutropenic episode, including: pneumonia (5
cases), otitis media (4 cases), diarrhea (2 cases), oral ulcers
(2 cases), cutaneous infections (2 cases), abscess (2 cases),
sinusitis (1 case), and oral candidiasis (1 case). 

Neutropenia may occur in any PiD as a consequence of
either an intercurrent infection or an autoimmune dis-
ease.3,4 All of our patients with Shwachman-Diamond syn-
drome, cyclic neutropenia and Kostmann disease had
associated neutropenia. In addition, a number of our
patients with predominant antibody deficiency disorders
had associated neutropenia. It seems that autoimmune
neutropenia is a common cause of neutropenia in some
primary specific immunodeficiencies.3,5,6 An increased sus-
ceptibility to infections was detected in our patients. For
patients presenting with unexpected neutropenia, the clin-
ical history and examination of the peripheral blood smear
were the most important parts of the diagnostic evalua-
tion. Examination of the oral cavity, perianal region, and
skin is necessary in order to assess the clinical impact of
chronic neutropenia. The presence of gingivitis, ulcer, and
abscess implies clinically significant neutropenia.7,8

Persistent or severe infections should always raise a suspi-
cion, which deserves further evaluation, of an underlying
immune deficiency syndrome and neutropenia, because a
delay in diagnosis may result in a serious organ damage or
even death of the patient.6,9
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Chronic Myeloid Leukemia

Clonal cytogenetic abnormalities in patients with
chronic myeloid leukemia in complete
cytogenetic response to imatinib mesylate

The emergence of clonal chromosomal abnor-
malities in Philadelphia-negative cells during treat-
ment with imatinib in patients with Philadelphia-
positive chronic myeloid leukemia has been report-
ed. We add information to this issue presenting a
series of 29 patients in complete cytogenetic
response after imatinib treatment, three of whom
developed clonal aberrations. 
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Chronic myeloid leukemia (CML) is a chronic myelo-
proliferative disorder (CMPD) characterized by the
t(9;22)(q34.1;q11.2) that juxtaposes the ABL and BCR
genes with generation of the Philadelphia chromosome
(Ph’).1 The molecular consequence is the BCR-ABL onco-
gene, that encodes a BCR-ABL oncoprotein (p210BCR/ABL)
with increased tyrosine kinase activity which is necessary
and sufficient for leukemogenesis.2 Imatinib mesylate
(STI571, Glivec®, Novartis Pharma, Switzerland), a tyro-
sine kinase inhibitor selective for ABL, BCR-ABL, c-KIT,
PDGFRα and ARG proteins has demonstrated good
results in CML. As first line therapy, imatinib is superior
to interferon (IFN)-α, inducing complete hematologic
responses in 95% of patients, major cytogenetic respons-
es in 85% and complete cytogenetic responses (CCR) in
73%.3 Imatinib has been proven to be better tolerated,
although long-term side effects and influence on long-
term survival are not yet known. Recently, some cases of
clonal cytogenetic abnormalities in Ph’ negative cells of
patients with CML treated with imatinib have been




