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Abstract

Hemoglobin K-Woolwich (Hb KW) is a rare hemoglobin variant with very few cases reported. It is
most prevalent in West African countries, particularly Nigeria, Ghana, and the Ivory Coast. Some
reports suggest Hb KW may be a clinically benign trait, whereas others indicate it may behave si-
milarly to a S+ thalassemia. The combination of hemoglobin S and hemoglobin KW (Hb S/KW) is a
rare double heterozygous disorder with little known clinical characteristics. We report the hema-
tologic and clinical data on three patients with Hb S/KW to help describe the characteristics of this
patient population. The first two cases represent first cousins, ages 3 and 2 years. They are clini-
cally asymptomatic. They have normal hemoglobin and mean corpuscle volume (MCV) levels
without reticulocytosis. The third case is of a 14-year-old male who is non-anemic with no micro-
cytosis. He has been clinically well except for abdominal pain upon dehydration. On hemoglobin
electrophoresis, these patients have Hb S levels slightly higher than typically observed with sickle
cell trait and a delay of hemoglobin F to adult levels. There exists a need for more reports to better
delineate the clinical course and management of these patients.
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1. Introduction

Hemoglobin K-Woolwich (Hb KW) is a rare genetically inherited hemoglobin variant with very few cases re-
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ported. It was first described under this name in a West Indian family in 1963. It has since been reported in Ja-
maica and several African countries including Nigeria, Ghana, and the lvory Coast. Although it has been de-
scribed as a heterozygous trait and in association with Hb g+ thalassemia, Hb S and Hb C, little is known about
the phenotype of Hb S/KW due to the rarity of this combination. There is a need in the medical literature to fur-
ther describe this patient population and get a better understanding of the best management for this rare disorder.
We describe below three cases in children being followed in our Comprehensive Hemoglobinopathy Center.

2. Case One

A 2-month-old female presented to the Hematology clinic due to abnormal newborn screen results. She was
born full term via C-section with no maternal or fetal complications. Newborn screen showed Hb F and Hb S.
Father is from Dominican Republic and has a history of sickle cell trait, as does the patient’s five year old sister.
Mother is of mixed Central American and African ancestry and reported “abnormal hemoglobin” on her side of
the family; although she was not tested herself.

On initial presentation, the child had a Hb of 12.5 g/dl, MCV of 84 fl, and there was no laboratory or clinical
evidence of hemolysis. Sickle solubility test was positive and peripheral smear showed few target cells and ani-
socytosis. Parents were told the differential included sickle cell disease (Hb S/S) or Hb S/40 thalassemia. Mother
was offered evaluation including CBC and Hb electrophoresis, but did not follow-up with testing. The patient
was started on penicillin prophylaxis and continued to do well with no evidence of pain, dactylitis, acute chest
syndrome or splenomegaly. At 12 months of age, the patient had a Hb of 12.7 g/dl and an MCV of 68 fl. Sickle
solubility test was positive and peripheral smear showed microcytic hypochromic cells with target cells and
anisocytosis. Repeat Hemoglobin electrophoresis testing also done at 12 months of age showed Hemoglobins S
(45%), a new fast variant hemoglobin (36%) and Hb F (16%). On the Isoelectric focusing gel, the fast variant
ran between hemoglobin A and hemoglobin N positions. On the cellulose acetate gel, the fast variant ran well
beyond the hemoglobin A position, close to the hemoglobin J position. On citrate agar, the variant was not dis-
tinctly seen as a separate band, but the hemoglobin F band was noted to be wider than normal. The patient is
currently 3 years old and is asymptomatic.

3. Case Two

A 1-month-old female presented to the Hematology clinic due to abnormal newborn screen results. She was
born at 39 weeks via C-section and did not have any complications. Newborn screen had detected Hb F and Hb
S. Mother is African American and has a history of Hb S trait. Father is of mixed Central American and African
ancestry and reported having an “abnormal hemoglobin gene called Hb J Toronto”. Two older siblings had also
been told that they had “Hb J Toronto trait”. The family reported that the father is a full sibling to the mother of
Case One (Figure 1).

At initial presentation the patient’s Hb was 10.6 g/dl and MCV was 94 fl. Her sickle solubility test was nega-
tive and peripheral smear showed target cells with anisopoikilocytosis. Patient was started on penicillin prophy-
laxis and was followed. She continued to do well without evidence of pain, dactylitis, acute chest syndrome or
splenomegaly. At her 6-month routine check-up visit, her Hb was 11.6 g/dl, MCV was 75 fl, and she continued
to have no evidence of hemolysis with normal reticulocyte count, normal bilirubin and normal lactate dehydro-
genase (LDH).

To clarify the diagnosis, hemoglobinopathy genotyping for the father and the child were sent to a specialized
reference laboratory. On CBC, father had a normal hemoglobin of 15.0 g/dl with an MCV of 80 fl. Hemoglobin
analysis by BioRad Variant Il HPLC revealed Hb A 57%, a variant Hb (that elutes ahead of Hb A at 1.3 minutes)
38.6%, Hb A2 3.3%, and Hb F 0.5%. Genomic DNA was extracted from peripheral blood leukocytes. The
B-globin genes were amplified by PCR and direct nucleotide sequencing was done. Testing revealed that the fa-
ther was heterozygous for Hb KW, g codon 132 AAA > CAA or Lys132GlIn.

Hemoglobin analysis on the patient by BioRad Variant Il HPLC revealed Hb S 41.1%, a variant Hb that
elutes just behind Hb F at 1.3 minutes 38.6%, Hb F 15.4%, and Hb A2 3.1%. Sequencing of genomic DNA re-
vealed that the patient was a compound heterozygote for two globin gene mutations: Hb S and Hb KW (5 codon
132 AAA > CAA or Lys132GIn). In light of these results, it was determined that the cousin (Case One), who has
a similar variant, was also a Hb S/KW compound heterozygote. At the time of this report, the patient is 2 years
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Figure 1. Family pedigree for cases one and two. Circles: female relatives; Squares: male relatives; Hb K-Woolwich: He-
moglobin K-Woolwich trait; HBB: beta globin gene; Lys: lysine; GIn: glutamine; NBS: newborn screen; Hb electro: he-
moglobin electrophoresis; SAB: spontaneous abortion; Hb S: sickle cell trait; Hb A: hemoglobin A.

of age and is asymptomatic.

Study of This Patient’s Siblings

CBC on the patient’s 11-year-old sister showed normal hemoglobin of 12.4 g/dl with an MCV of 78.3fl. He-
moglobin electrophoresis showed Hb A 55.5%, a variant consistent with Hb KW of 38.5%, Hb A2 of 3.0% and
Hb F of 3.0%. The peripheral blood smear showed normocytic, normochromic red blood cells with rare target
forms. The CBC on the patient’s 8-year-old sister was similar, with normal hemoglobin of 13.1 g/dl and MCV
of 78.6 fl. Hemoglobin electrophoresis showed Hb A 55.0%, a variant Hb consistent with Hb KW 39.0%, Hb
A2 3.5% and Hb F 2.0%. Like the older sister, her peripheral blood smear showed normocytic, normochromic
red blood cells with rare target forms.

4. Case Three

A 14-year-old African American male presented to our Hematology clinic. He carried a diagnosis of Hb S/IKW
compound heterozygote, diagnosed on newborn screening at an outside institution. He was followed in the
sickle cell clinic there for the first 9 years of his life. Mother reports that the patient had an episode of dactylitis
at 9 months of age. He was on Amoxicillin prophylaxis until 5 years of age. He never had acute chest syndrome,
priapism, invasive bacterial infection, or needed opioid medications at home for treatment of pain. In the past 5
years, he had an average of 1 - 2 ER visits every year for abdominal pain after sickness or dehydration; these
visits never required overnight hospitalization or the need to go home with pain medication. He also had a past
history of asthma and Attention Deficit Disorder (ADD). At presentation to the Hematology clinic his hemoglo-
bin level was 13.6 g/dl, with an MCV of 80 fl. His peripheral blood smear showed normochromic, normocytic
red blood cells with rare target and tear-drop shaped forms (Figure 2). There was no laboratory evidence of in-
creased red cell turnover, including normal reticulocyte count, normal bilirubin and normal LDH. Sickle solubil-
ity test was positive and peripheral smear showed normocytic normochromic cells. Hemoglobin electrophoresis
revealed Hb S 48.0%, Hb “other” 50% and Hb A2 2.0%. Isoelectric focusing showed hemoglobin bands in the S
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Figure 2. Peripheral blood smear of patient in case three. Shows rare target (arrows) and rare tear-drop shaped RBC’s (ar-
rowhead). Isoelectric focusing plate shows a band in the S position and another band slightly anodal to the A position.

portion, along with a “fast variant” consistent with the diagnosis of Hb S/KW compound heterozygote (Figure
2).

5. Discussion

Hemoglobin K-Woolwich (Hb KW) is one of the K group of hemoglobins. These are Beta chain variants that
share migrating to the same “fast” position on hemoglobin electrophoresis; due to a gain of one negative charge,
resulting from one amino acid substitution. The first report of an Hb K variant was made in Berbers, an indi-
genous ethnic group of North Africa, in Algeria by Cabannes and Buhr in 1955 [1]. It was described as a fast
variant of Hemoglobin A that moved further towards the anode on hemoglobin electrophoresis at alkaline pH.
Several Hb K variants were subsequently described [2]. Hb KW was first described in a West Indian family by
researchers in Woolwich, England [3]. Two members of the same family (a man of West Indian descent and his
maternal aunt) had Hb KW associated with Hb S. Hemoglobin electrophoresis for one patient showed 40% Hb
KW and no Hb A. Both these patients were not anemic but had a history of occasional joint pain. A second in-
stance of a combination of Hb S/KW was reported from Nigeria [4]. In this report, the underlying defect of Hb
KW was described as a substitution of a Lysine residue (positively charged) by Glutamine (neutral net charge).

Hb KW was also found in 24 members of 2 tribes which lived in different regions of Ghana with various ge-
notypes including Hb A/KW, Hb S/KW and Hb C/KW [5]. In the Ivory Coast, of 42 subjects having Hb KW, 41
belonged to the Akan group but one subject was of Voltaic origin [6].

Lang et al. considered Hb KW to be equivalent to a g+ thalassemia on the basis of results from a family in
which « thalassemia and Hb KW interacted. In this family, elevated levels of Hb A2 were observed in hetero-
zygotes and reduced synthesis of JKW chains, compared to A chains observed in one case [7]. In 1980, Ca-
bannes et al. described a family from Akan population in which the proband was homozygous for KW and sev-
eral relatives were heterozygous [8]. The proband as well as the heterozygotes were clinically and hematologi-
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cally normal, except for malarial crises. Cabannes et al. did not measure globin synthesis in this family.

Six years later, Zago et al. described the globin synthesis and hematologic characteristics of a Brazilian black
family with six Hb KW heterozygotes [9]. The proband was a 2-year-old boy who presented with microcytic
and hypochromic anemia and ancylostomiasis (Hookworm). Hemoglobin electrophoresis was suggestive of Hb
KW in the child, his father and four siblings. Using high-performance liquid chromatography, an abnormal pep-
tide was identified; amino acid analysis confirmed the substitution of lysine by glutamine at the 132nd position,
consistent with Hb KW. Globin chain synthesis was measured for the proband and his father. The KW and
BAla ratios were 1.00 and 1.13 while the SJKW/BA ratios were 1.12 and 0.90 respectively, consistent with ba-
lanced globin synthesis, and a low probability for o thalassemia trait. The only hematologic abnormalities on
CBC were an MCH of 20 pg in the proband, who concomitantly had iron levels on the low end of normal. It is
also notable that a sibling of the proband had an MCV of 71 fl and overt of iron deficiency.

Tolo et al. described 130 cases of Hb KW in the Ivory Coast, diagnosed between 1968 and 1992 [10]. Three
cases were homozygous, 110 cases were heterozygous, 1 case had Hb KW with g+ thalassemia, 2 cases had Hb
C/KW and 9 had Hb S/IKW. Approximately 30% of all subjects in this cohort had a moderate anemia with mi-
crocytic, hypochromic red blood cells, but the authors noted that the prevalence of iron deficiency in this popu-
lation is approximately 30% - 40%. Based on the later fact on iron deficiency may better explain the anemia
than the hemoglobinopathy in this study. The median hemoglobin in this cohort was 12.7 g/dl with a range of
11.2 to 14.2 g/dl, and the median MCV was 80.9 fl with a range of 64 - 100 fl. The authors did not stratify com-
plete blood count data by genotype. Of the patients with Hb S/IKW, the median Hb S concentration was 54.0%,
Hb KW 42.7%, and Hb A2 3.3%. The authors of this paper conclude that in their view, Hb KW is a clinically
asymptomatic trait.

The three patients we present here are compound heterozygotes for Hb S and Hb KW. The 14-year-old male
is non-anemic with no microcytosis. He has been clinically well except for abdominal pain when dehydrated.
The other two patients are young children and are clinically doing well with no evidence of dactylitis, acute
chest syndrome or splenic sequestration. All three patients have normal hemoglobin levels without reticulocyto-
sis, and generally unremarkable red blood cell indices similar to Hb S trait (Table 1). However, these patients
have slightly higher Hb S levels on hemoglobin electrophoresis than sickle cell trait patients. This indicates that,
compared to patients with sickle cell trait, patients with Hb S/IKW compound heterozygote are more likely to
have a slightly increased risk for sickling episodes, and should be considered to be at risk for pain crises, acute
chest syndrome and other sickle related pathology.

There is limited data available to determine the best management for patients with Hb S/IKW. Although much
of the literature suggests Hb S/IKW may behave similarly to sickle cell trait, others suggest similarities to a Hb
S/Hb S+ thalassemia phenotype. We opted to follow these patients closely for infection risk and recommended
standard penicillin prophylaxis as well as immunizations against encapsulated organisms. Given the normal he-
moglobin level and lack of hemolysis, risk of stroke is likely very low. We are therefore not monitoring our pa-
tients with trans-cranial Doppler studies. With the small number of patients with Hb KW in the literature, there
is a need for more reports to shed light on the clinical course and best management of these patients.

Table 1. A summary table of hematologic data in the three patients presented.

Age At Diagnosis, n RBC % Platelet Count
Case Gender Hb Variants Present (M/Cu.mm) Hb (g/dI) MCV (fl) MCH (pg) RDW (%) (K/cu. Mm)
S = 45%,
One 1 y/o Female KW = 36% 431 11.3 76.1 26.2 15 588
F=16%
S =41.1%,
Two 6 m/o Female KW = 38.6% 4.30 11.6 75.6 27.0 14.3 379
F=15.4%
S =48%
Three 14 ylo Male KW = 50% 4.93 13.6 80.1 27.6 13.6 264
A =2%

Hb: hemoglobin; RBC: red blood count; MCV: mean corpuscle volume; MCH: mean corpuscle hemoglobin; RDW: red blood cells distri-bution
width; S: hemoglobin S; KH: hemoglobin K-Woolwich; F: hemoglobin F.
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6. Conclusion

Our cases demonstrate the importance of obtaining a thorough family history and, in some cases, performing
genetic testing for clarification of unusual hemoglobinopathies. Newborn screening results for Cases One and
Two were initially thought to be consistent with Hb S/S or Hb S/80 thalassemia, leading to incorrect prognostic
and genetic counseling of the families. Practitioners should keep in mind that minor bands of hemoglobin va-
riants (such as Hb KW) may be missed at newborn screen, at a time when Hb F levels are high. Follow-up test-
ing after hemoglobin F levels decrease are helpful in the workup of challenging cases. Our cases also demon-
strate that persons with compound heterozygosity for Hb KW and Hb S are usually asymptomatic clinically with
no anemia or significant hematologic abnormalities.
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