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Abstract

Wiskott-Aldrich syndrome (WAS] is a rare immunodeficiency X-linked genetic disorder. It

is often featured with a clinical triad of thrombocytopenia with low mean platelet volume,
eczematoid dermatitis and recurrent infections. The clinical manifestation of WAS, depending
on the underlying variant, shows wide heterogeneity. We present a case of a 10-month-old
boy who came in with a history of recurrent fever, skin lesions since birth and episodes of
bloody diarrhoea. He had severe anaemia and thrombocytopenia (with normal mean platelet
volume]. Genetic analysis revealed the patient to be hemizygous for a pathogenic WAS gene
splice variant (NM_000377.2:¢.360+1G>A]. He was managed with supportive treatment and
regular follow up, but died 4 months later. As it is a rare genetic disease, the diagnosis of WAS
can easily be missed, especially in settings with scarce healthcare resources that do not have
easy access to genetic testing. Thus, a high index of suspicion is needed when a male child
presents with recurrent infections and bleeding tendencies.
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Wiskott—Aldrich syndrome (WAS) is a rare immu-
nodeficiency X-linked genetic disorder often fea-
tured with a clinical triad of thrombocytopenia
(with low mean platelet volume), eczematoid der-
matitis and recurrent infections.! The syndrome
was first described more than 80years ago.
Incidence is estimated at 1-10per 1 million cases
per live birth.2* The culprit gene product,
Wiskott—Aldrich syndrome protein (WASP), is a
protein encoded on the short arm of the X chro-
mosome, found in the cytoplasm of nonerythroid
haematopoietic cells. Variants can lead to absence,
reduced or increased expression of the WASP
protein, manifesting as classical WAS, X-linked
thrombocytopenia (XLT) and X-linked neutrope-
nia (XLLN) phenotypes, respectively. The exact
function of the WASP protein has not been com-
pletely elucidated, however, several studies have
singled it out as an important component in sig-
nalling pathways and arrangement of actin fila-
ments in the cytoskeleton.5:6

The clinical manifestation of WAS, depending on
the underlying variant, shows wide heterogeneity,
and a high index of suspicion is required to estab-
lish clinical diagnosis. In addition to the classical
triad of micro-thrombocytopenia, eczema and
immunodeficiency, patients with WAS may pre-
sent with an autoimmune disease with a propensity
for developing lymphoreticular neoplasms, such as
lymphoma, leukaemia and myelodysplasia.”:8

Clinical symptoms and signs usually commence
early in life and are often missed or managed as a
different condition. The majority of patients are
usually diagnosed in their second year of life.8
Advanced techniques, which most of the time are
not readily available in resource-limited settings,
such as sequence analysis for the WAS gene, are
required to confirm laboratory diagnosis of WAS.°

The current standard-of-care for infants with WAS
is early haematopoietic stem cell transplantation
(HSCT), preferably from human leukocyte antigen
(HLA)-identical siblings with a reported survival
rate of more than 80%.1°In the absence of HSCT,
supportive care alone aimed at managing complica-
tions such as bleeding and infections remains the
mainstay of management with poor outcomes.!!

WAS has a wide range of phenotypical presenta-
tion and fatal outcomes. We present this case
report to share the challenges in the diagnosis and

management of WAS in a setting of limited
healthcare resources.

A 10-month-old boy, a resident of Dar es Salaam,
Tanzania, was referred to our hospital with fever,
recurrent skin lesions and bloody diarrhoea. The
fever was low grade, associated with excessive
night sweats and subsided with paracetamol. No
report of any respiratory symptoms or convulsions
was noted. The onset of the skin lesions was grad-
ual, noticed first behind the ears as dark painless
spots, before spreading to the rest of the body.
Later on, the skin lesions became itchy, gradually
increasing in size and bled occasionally. The symp-
toms were followed by three episodes of bloody
diarrhoea which only lasted for 1 day. The patient
had no history of bleeding from the gums or nose,
and he did not report any joint pain or swelling. He
had normal urine colour and micturition habits.

The patient was born with a body weight of 3.5 kg,
via a caesarean section following a prolonged
obstructed labour with an Apgar score of 4 at O min
and 7 at 5min. He was discharged home with his
mother on day 7 in a good clinical condition. At
the age of 2weeks, he was admitted for the first
time due to a high-grade fever and generalised skin
lesions. He was treated as a case of sepsis and
eczema with delayed improvement before being
discharged. At 6 months of age, he was re-admit-
ted with a similar presentation and management.

The child had attained normal developmental
milestones for his age. He was the second child in
his family. His sister was well, without a history of
similar illness. There was no history of a similar
condition from his uncles and cousins on his
mother’s side.

During presentation, physical examination
revealed ecchymosis and eczematoid lesions over
the scalp, neck, chest and back, together with the
upper and lower limbs, with bleeding in some
lesions (Figure 1(a) and(b)). The largest lesion
was 2 X 3cm. The patient was febrile (38.2°C)
with moderate pallor, not icteric and there were
no palpable lymph nodes. Other system examina-
tion findings were normal.

The blood count at presentation showed leucopenia,

microcytic anaemia and thrombocytopenia with
normal mean platelet volume (MPV). (Table 1)
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Ecchymosis and eczematoid lesions with bleeding in some lesions.

Patient’s complete blood count trend.

Test Reference Baseline Follow-up counts

range Week 4 Week 8 Week 12
White blood count, total, 4-16x10° 3.18%x10°  3.45%107 5.43x10°  3.9%x107
(per L)
Neutrophil, (per L) 1-7 X 10? 0.05x10°  1.26x10° 0.89x10°  1.35x10°
Lymphocyte, (per L) 3.5-11x 107 0.89Xx107  0.75x10° 3.26 X107 1.33x 107
Monocyte, (per L) 0.2-1.0% 107 2.22x10°  1.21%x10° 0.87x10°  1.47x10°
Basophil, (per L) 0.0-0.11x 109  0.02x10°  0.04x107 0.15%x 109  0.04% 107
Eosinophil, (per L) 0.1-1.0x 10° 0.00x10°  0.19x10° 0.26x10°  0.01x10°
Haemoglobin 11.1-14.1 6.63 10.1 1.1 12.4
MCV (fU) 72-84 63 82 79.8 75.8
MCH (pg) 25-29 20 26.7 25.6 24
MCHC (g/L) 320-360 320 325 320 316
Platelets (per L) 200-550< 107 19X 10° 14.5% 107 49.9%x10°  9.68%10°
MPV (fl) 8.0-15.0 13.5 - 8.2 -

MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration; MCV, mean corpuscular

volume; MPV, mean platelet volume.

The peripheral blood smear showed microcytic
hypochromic red cells consistent with iron defi-
ciency anaemia and a pancytopenia (Figure 2). The
platelet diameter was quantified by computer-
assisted image analysis using the Motic Easyscan
Pro and the Motic DSAassistant software (Motic,
Hong Kong, China). The mean platelet diameter
was 2.28um (Figure 2(b) and (c)). A mean platelet
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diameter of <2.6um is considered to be consistent
with the presence of hereditary thrombocytopenias
with normal or reduced size.!? Platelet immuno-
fluorescence studies were not available. Bone
marrow aspiration cytology showed erythroid
hyperplasia with a myeloid—erythroid ratio of 1:1.
Megakaryocyte series was not increased and no
abnormal cell infiltration was observed. C-reactive
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Other blood test results at presentation.

Test Result Reference range
C-reactive protein 3095mg/L 0-50mg/L
Lactate dehydrogenase 279 U/L 60-100 U/L
Coagulation tests
Prothrombin time 13s 11-13.5s
Activated partial thromboplastin time  32s 30-40s
Immunological profile
IgE 10,0001U/ml  0-1001U/ml
IgA 1.57g/L 0-0.83g/L
IgG 2.07g/L 2.31-14.11g/L
IgM 0.249/L 0-1.459g/L

Ig, immunoglobulin.

protein and lactate dehydrogenase were raised.
Prothrombin time and activated partial thrombo-
plastin time were within normal range. The immu-
nological profile revealed high immunoglobulin (Ig)
IgE and IgA and normal IgG and IgM (Table 2).

Urea and creatinine levels were within the normal
range. Tissue biopsy of the skin lesions revealed
multifocal inflammatory cells infiltrate, predomi-
nantly lymphocytes. Serology tests for syphilis,
cytomegalovirus (CMV) and HIV were all nega-
tive. Blood culture could not be performed due to
laboratory diagnostic limitations that were pre-
sent during the time of patient admission.

Thrombocytopenia, early childhood onset and his-
tory of recurrent eczematoid skin lesions, recurrent
infections, and the biological sex of our patient led
us to suspect WAS. Even though our patient had
normal-sized platelets, his presentation was con-
sistent with Ochs er al.!! disease classification score
of 4. The diagnosis was confirmed with genetic
testing abroad. Using Sanger sequencing, a likely
pathogenic variant (NM_000377.2:¢.360+1G>A)
was detected. This variant disrupts one of the two
invariant nucleotides of the splice donor site and is
predicted to lead to aberrant splicing.!3 It has previ-
ously been detected in individuals/families with
WAS.1415 Two other splicing variants have also
been reported at nucleotide ¢.360+1, ¢.360+1G>C
and ¢.360+1G>T, both associated with WAS.16:17
This variant is therefore predicted to be pathogenic.

(a)

Radius: 1.10um/4.27pixels
|Area: 3.78Sqm/57.33pixels

Light microscopy of peripheral blood
smear. (a) The slide shows the blood smear with
reduced erythrocytes (most are microcytic) with very
few normal staining platelets per field. (b) A field
section with a platelet measuring a radius of 1.16 um/
diameter of 2.32um. (c) A field section with a normal
staining platelet measuring a radius of 1.10 pm/
diameter of 2.2pum.

We were not able to perform genetic analysis of
the patient’s mother, therefore, we could not
establish, whether this variant had occurred
de novo or was inherited in an X-linked fashion.

The child was started on intravenous (IV) paraceta-
mol 150mg, 6h for 3days, then switched to oral
administration. He was also initiated on IV mero-
penem 200mg, 8h for 10days. The skin was man-
aged with topical steroid application, with daily
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wound care. He also received a total of 450ml of
packed red blood cells (PRBC) and 250ml of plate-
let concentrates (non-irradiated as equipment for
irradiation was not readily available) during the
time of admission. The child’s condition improved
significantly and he was later discharged home in a
stable condition. He was discharged on prophylac-
tic antibiotics (oral azithromycin 200 mg, 3 days per
week and topical mupirocin cream to apply two
times daily) and topical steroids (hydrocortisone
cream to apply two times daily), and his mother
was advised to attend regular paediatrics clinic for
follow up and monitoring. He attended monthly
clinics in the 3 months following discharge.
Haemoglobin and other levels remained relatively
within range; however, the white cell line remained
low with severe thrombocytopenia throughout.
Follow-up MPV after 2 months was within the nor-
mal range (Table 1) In between clinic visits, he was
placed on iron supplements (ferrous sulphate
30mg, twice daily), a topical steroid (hydrocorti-
sone cream to apply two times daily) and prophy-
lactic antibiotics (oral azithromycin 200 mg, 3 days
per week and topical mupirocin cream to apply two
times daily). At 4 months after the first discharge,
he was re-admitted with severe anaemia, purpura,
eczema and bleeding from wounds and nose. He
was managed with PRBC and platelet concentrates
replacement. He was also started on IV tranexamic
acid 250mg, 8h, IV methylprednisolone 250 mg,
once daily, and IV pantoprazole 20mg, once daily.
The patient’s clinical condition improved and he
was discharged home after 2 weeks with topical cor-
ticosteroids, iron supplements and prophylactic
antibiotics. At 3 weeks after discharge, the patient
died shortly after presenting to the emergency
department with a cough and severe difficulty in
breathing. The cause of death was thought to be
severe pneumonia and sepsis. An autopsy report
could not be obtained. The lack of HSCT services
in the country and region and socio-economic con-
straints limited the HSCT option for the patient.

Our patient presented with some classic WAS
features of bleeding, eczema and thrombocytope-
nia. However, he had normal-sized platelets. He
had an altered immunoglobulin profile (raised
IgE and IgA), but IgG and IgM were within the
normal range. Clinical features pointing to WAS
are often present at birth or early on in life. In this
report, the patient presented with symptoms at
2weeks of age.
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The common manifestation is usually bleeding,
presenting as petechiae, bruises, epistaxis and
bloody diarrhoea. Severe forms of bleeding may
occur and may involve intracranium.

Thrombocytopenia with reduced platelet volume is
a persistent feature in WAS gene variants, except
for patients presenting with the XILN phenotype.!8
Platelet counts are usually between 20 X 10%L. and
50X 10° /L, however, levels may drop to below
10 X 10%L. The mean platelet volume is usually
below the normal lower limit of 7.1l and often
ranges between 3.8 fl and 5.011.1° Nevertheless, few
reports have documented rare cases of WAS with
normal-sized thrombocytes and even macrothrom-
bocytopenia.2%2! Remold-O’Donnell et al. reported
a similar variant to that found in our patient, that is,
G>A transition at the [+1] position at the 5’ end of
intron 3, in a 3-year-old boy who had severe throm-
bocytopenia of 10 X 10%1..15> However, in this case,
the platelet size was not recorded. Our report,
therefore, is the first to report the platelet size in a
patient with a ¢.360+1G>A variant.

Recurrent infections due to immunodeficiency,
mostly bacterial in origin, are common. Fungal
infections are found in rare cases with severe
immune deficiency. Commonly reported organ-
isms are Streprococcus pneumoniae, Neisseria menin-
gitidis and Haemophilus influenzae. Varicella and
CMV are also commonly observed viruses.
Patients usually present with otitis media, bacte-
rial pneumonia, sinusitis, meningitis, sepsis, colitis
and skin infections.?2 The severity of the immune
deficiency and infections in patients with WAS
depends largely on the variant and its effect on the
levels of protein expression and function.?3

Eczema, resembling atopic dermatitis, affects
nearly half of patients with WAS in the first
12months of life. The lesions are often superin-
fected and, in some instances, there is bleeding
into the lesions as was the case with our patient.2*

A wide range of autoantibodies has been observed
both in classic WAS and in XLT. Coombs test-
positive autoimmune haemolytic anaemia is the
commonest autoimmune feature. Other autoim-
mune presentations include neutropenia, vasculi-
tis, renal disease, inflammatory bowel disease and
Henoch-Schoénlein-like purpura.?’

WAS affects the function of both T and B
lymphocytes and generally lymphocyte counts
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decrease with age. Antibody activity and responses
vary across the types of antigen, and while there
may be sufficient response to some antigens,
reduced or total loss of response has been
observed with a set of different antigens, in the
same individual. IgG and IgM levels are usually
within the normal range or slightly reduced,
whereas IgA and IgE are elevated.!%26:27 While
WAS impairs chemotactic responses of polymor-
phonuclear cells, the phagocytic activity of neu-
trophils is mostly normal.!®

Ochs er al.1! developed a scoring system that helps
to differentiate distinct WAS variant clinical phe-
notypes based on clinical findings. A score of 1 or
2 is consistent with XLT while a score of
3—-4points to classic WAS. A score of 5 defines
patients with either XLT or WAS who develop
autoimmunity and/or malignancies. A patient’s
score may change with time as the disease mani-
festation progresses.

WAS gene sequence analysis is used to establish
the presence and type of variant. Qur patient was
hemizygous for INM_000377.2:c.360+1G>A).
One study!® that reported a similar variant iden-
tified a mixture of small (~1.9kb) and normal-
sized transcripts, however lacked detectable
WASP suggesting a problem with splicing.
Indeed, the absence of WASP in cases with this
variant is postulated to be due to defective WASP
homology one domain resulting from skipping of
exon 3 in the 5’ donor site, resulting in small
(~1.9kb) RNA.%28 WASP homology one domain
is involved in the formation of the secondary or
tertiary structure of WASP.¢ Unfortunately, we
could not measure RNA size or WASP levels in
our patient.

Flow cytometry with anti-WASP antibodies can
be used to screen lymphocytes for quantitative
WASP defects, although it may not be able to
identify mutated or nonfunctional protein using
this method.?° Due to the lack of anti-WAS anti-
bodies in our settings, this was not possible.

The survival rate in patients with WAS (without
HSCT) is disappointingly low.® Some studies
have reported median survival of only 20 years in
patients with WAS.!! However, patients with
XLT have been shown to have higher overall sur-
vival.3® HSCT is currently the only available
definitive treatment for WAS. For WAS, the

younger the patient the better the outcome of
HSCT. The HSCT outcomes have improved
over the years, across all donor types. The overall
survival rate of over 80% has been demonstrated
with HLA-identical sibling donors.3® Matched
unrelated donor HSCT has also shown good out-
comes in cases without HILLA-identical sibling
donors. Haplo-identical HSCT has poor out-
comes with reports of survival rates of approxi-
mately 50% in large studies.?%:31 New treatments
are emerging and currently, studies and trials of
gene therapy are underway.3?

For patients who are awaiting HSCT and for
those for whom HSCT is not an option as with
our patient, supportive care is the mainstay.!!
Supportive care encompasses paying close atten-
tion to prevent and promptly treat infections.
Splenectomy may be an option for some patients
to increase circulating platelet counts. However,
the decision should be approached with care, as it
may expose patients to a significant risk of septi-
caemia, and patients will require indefinite peni-
cillin (or equivalent) prophylaxis. Splenectomy is
also not recommended if there are plans for
HSCT.3%32 For our patient, splenectomy was not
a favourable option as he lives in a malaria-
endemic region.33

Regular or persistent viral infections may warrant
antiviral prophylaxis.3® Evidence supporting the
use of immunosuppressants and plasmapheresis
for the treatment of autoimmune cytopenia is
limited.?* IV immunoglobulin (IVIG) therapy is
used to treat severe antibody deficiency, espe-
cially for prevention of severe infections. In addi-
tion, corticosteroids and rituximab (anti-CD 20)
are utilised. For the treatment of thrombocytope-
nia, irradiated blood products (PRBC and plate-
lets) screened for CMV are essential to maintain
adequate red cell mass and platelet levels, espe-
cially in bleeding patients. Plasmapheresis, IVIG
therapy, blood products and rituximab are all
expensive treatments that are limited in our set-
ting, therefore, the mainstay of management is
with corticosteroids.

As it is a rare genetic disease, the diagnosis of
WAS can easily be missed, especially in
resource-limited healthcare settings. A high
index of suspicion is needed when a boy pre-
sents with early onset of recurrent infections
and bleeding tendencies. In the absence of
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HSCT, treatment remains supportive with very
poor outcome.
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