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Abstract A new autosomal recessive syndrome of
chronic recurrent multifocal osteomyelitis (CRMO) and
congenital dyserythropoietic anaemia (CDA) with
microcytosis has recently been described in four children
(two sibships) of one consangineous Arab family. In this
report, we describe the clinical features and course of the
syndrome of CRMO and CDA in two additional
patients (one sibship) from another consanguineous
Arab family and review the literature. The two patients
(brother and sister), the products of a consanguineous
marriage, developed the syndrome at an early age of 3
weeks and 2 months respectively. The diagnosis of
CRMO was confirmed by radiological and technetium
isotope bone scans. Bone marrow studies confirmed the
diagnosis of CDA. Peripheral blood films showed hyp-
ochromia and microcytosis. The sites involved by
CRMO were periarticular, mainly around the elbow,
knee, wrist and small joints of the hand. The brother is
now 21 years old and the sister 3.5 years old and CRMO
is still active with frequent relapses. The brother devel-
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oped flexion deformities at the age of 13 years. Both
patients failed to thrive; weight and height were below
the 5th percentile. Conclusion: this is the second report of
the syndrome of chronic recurrent multifocal osteomy-
elitis and microcytic congenital dyserythropoietic anae-
mia, confirming it as a clinical entity, inherited as an
autosomal recessive trait. The disease is characterised by
an early onset, long clinical course of remissions and
relapses, and seems to be different from the sporadic
form of chronic recurrent multifocal osteomyelitis.

Keywords Autosomal recessive syndrome -
Chronic recurrent multifocal osteomyelitis - Congenital
dyserythropoietic anaemia - Microcytosis

Abbreviations CDA congenital dyserythropoietic
anaemia - CRMO chronic recurrent multifocal
osteomyelitis

Introduction

Chronic recurrent multifocal osteomyelitis(CRMO) was
first described in 1972 by Giedion et al. [12] who reported
four patients with ‘“‘subacute and chronic symmetrical
osteomyelitis. The disease is characterised by exacerba-
tions and remissions. The symptoms are pain and swell-
ing usually around a joint. Isotope bone scans show a
predilection for the metaphyses of tubular bones [12,15].
Bone biopsy shows non-specific subacute and chronic
inflammatory changes. Blood, bone marrow and bone
biopsy specimen cultures for aerobic, anaerobic bacteria,
Mycobacteria and fungi show no growth [12,15]. Results
of viral serology studies also have been negative [15] and
an immunodifficiency has not been proven.

Congenital dyserythropoietic anaemia (CDA) is a
term used to describe a group of inherited red blood cell
disorders characterised by abnormal morphology of the
normablasts in the bone marrow and ineffective ery-
thropoiesis resulting in reduced erythrocyte output to
the circulation; usually with insufficient reticulocytosis
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[14, 17,26]. Three major types have been described [14,
17,26]. Type 1 CDA is inherited as autosomal recessive
and is macrocytic. Type 2 is also inherited as autosomal
recessive and normocytic or macrocytic with a positive
acidified serum lysis test (Ham test). Type 3 is inherited
as autosomal dominant and is macrocytic. However,
additional variants of CDA have been reported [3,21].

In 1989, we reported three related children with
CRMO and CDA [18]. Since then, a fourth child with
CRMO and CDA was born into this family. In 2000, we
described the syndrome of CRMO and CDA in these
four children (two sibships) and gave evidence that the
syndrome was inherited as autosomal recessive [19]. In
this communication, we confirm our previous report
[18], and describe the syndrome of CRMO and CDA in
more detail in two additional patients (brother and sis-
ter) of a new family and review the literature.

Case reports

Case 1

This Palestinian Arab girl presented to us at age 2.5 years with
history of recurrent joint pain and swelling since the age of 3 weeks.
The presenting complaint was fever, pain, swelling and limitation
of movement of the left elbow joint. There was no history of
trauma and a radiograph of the left elbow region showed no ab-
normal findings. The swelling resolved in few days. One month
later, the child developed a similar episode involving the right el-
bow region which also resolved in 3 days. At the age of 4 months,
she was found to be pale and her haemoglobin was 40 g/l. The
periarticular lesions pursued a chronic course characterised by re-
current episodic attacks, each lasting for 2-4 days and usually as-
sociated with fever. Other sites involved were mainly around the
knee and wrist joints. During each episode, one or more sites were
involved. The episodes were frequent occurring once every 2-4
weeks. Parents are first cousins and a brother (Case 2) has a similar
illness. She was born at full term, normal delivery with a birth
weight of 3 kg, length 50 cm and a head circumference of 34 cm.
There was no neonatal or past history of jaundice. Physical
examination at the age of 3 years revealed a weight of 9.5 kg (< 5th
percentile), height of 84 cm (<5th percentile) and head circum-

ference of 47 cm (< 5th percentile); mental development was nor-
mal and she had no skeletal deformities, liver span was 8§ cm and
the spleen was just palpable.

Investigations carried out at the age of 3 years are shown in
Tablel. Skeletal survey showed a single lucency in the left proximal
tibial metaphysis with sclerotic margin (Fig.1). She received many
courses of antibiotics, was hospitalised in many hospitals and had
four blood transfusions.

Case 2

This Palestinian Arab boy (the brother of case 1) presented at the
age of 2 months with recurrent episodes of high fever and irrita-
bility each lasting for 3-4 days, and recurring every 2-3 weeks. At
the age of 9 months, these episodes started to be associated with
periarticular swellings with hotness, tenderness and limitation of
movement. The sites involved were around left elbow, right elbow,
right knee and left knee and one or more sites were involved during
each episode. After the age of 3 years, the episodes started in-
volving the periarticular sites of the small joints of the hands and
feet. At the age of 9 months, he was noted to be pale with a hae-
moglobin of 40 g/1. He sat unsupported at the age of 9 months, and
could stand and walk at the age of 1.5 years. Flexion deformities of
the wrists, elbows, ankles and knees were observed at the age of 13
years (Fig.2). He was born at 30 weeks gestation; birth weight was
1.5 kg, length 46 cm and head circumference 32 cm. He is now 21
years old, his weight is 19 kg (<S5th percentile) height 118 cm
(< 5th percentile) and head circumference 51 cm. He could hardly
stand but could not walk. His facial deformities included maxillary
hyperplasia and a prominent forehead. Sexual development was
absent, speech was slow but cognitive functions were normal. In-
vestigations are shown in Tablel. Ham test was negative. A skeletal
survey showed a generalised increase in bone density, resorption of
secondary trabeculation and prominent primary trabeculation in
both femori (Fig.3). Radiograph of the skull showed vault thick-
ening which was more prominent in the anterior plane (Fig.4).
During the course of his illness, he received many courses of anti-
biotics, hospitalised in many hospitals and needed frequent blood
transfusion.

The following tests were normal in both patients: haemoglobin
electrophoresis, glucose-6-phosphate dehydrogenase, aspartate
aminotransferase, alanine aminotransferase, serum creatinine, total
serum bilirubin, random blood sugar and electrolytes. Tests for
antinuclear antibodies and rheumatoid factor were negative.
Chromosome study showed a normal chromosomal number and
structure with no unusual breakage. Abdominal ultrasound scan

Table 1 Haematological find-

ings in cases 1 and 2 Test

Case 1 (age 3 years) Case 2 (age 21 years)

Haemoglobin (g/1)*
RBC (10x10'%/1)
Reticulocytes

MCV (fl)

PCV (%)

MCHC (g/dl)
MCH (pg)

Blood film

Serum B12 (ng/1)
Serum folate (ng/l)
Serum iron (umol/l)
Serum ferritin (pg/1)
WBC (x10°/1)

ESR

Platelets (x10°/1)

Ham test

Total serum bilirubin (umol/1)

88 40
4.2 3.10
0.008 0.007
70 60
35 27
33 20
33 22

Microcytic hypochromic
267

3.5

14.0

50.8

7700
Lymphocytes 68%
68 (first hour)

396

Negative

8.55

Microcytic hypochromic
403

24

10.0

27.0

11

Lymphocytes 30%
127 (first hour)
424

Negative

7.2

“Minimal and maximal pretransfusion values in both patients were 40 g/l and 60 g/
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Fig. 3 X-ray film of the skull in case 2 (21 years old) showing skull
vault thickening, more prominent anteriorly (arrow), due to the
widening of the vault as a result of the hyperactive bone marrow
due to the intramedullary haemolysis

Fig. 1 a X-ray film of case 1 (3 years old) showing a lucent lesion
with sclerotic outline in the upper part of left tibia. Growth lines
are noted in both lower femora. b. Case 2 aged 13 years showing
flexion deformities. Note the contractures

Fig. 4 Bone marrow showing hypercellular marrow with binucle-
ated and trinuleated normoblasts (arrows)

gave normal findings. During diagnostic work up, technetium
isotope scans showed an increased uptake in one or more sites in
both patients.

Bone marrow examination of both patients showed hypercel-
lular marrow. Erythropoiesis was markedly increased with con-
siderable numbers of binucleated orthochromic normboblasts. In
cases 1 and 2, the myeloid/ erythroid ratio was 1:1 and 0.35:1
respectively and the abnormal normoblasts constituted 24%—-26%
and 26%-30% of the total erythroid elements respectively. The
Perl stain showed absent iron stores.

Discussion

The syndrome in our two patients is inherited as an
autosomal recessive trait; the two affected siblings have

Fig. 2 X-ray film of case 2 (21 years old) showing generalised
increase in bone density, resorption of secondary trabeculations LA \
and prominent primary trabeculations in both femora the combination of two rare disorders namely CRMO
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and microcytic CDA and the parents are first cousins
and normal and three other siblings are normal. To-
gether with the two sibships of the first family reported
by us earlier [19], this family provides further evidence of
the characteristic clinical entity of this syndrome.

Vermylen et al. [27] described a 13-year-old Belgian
girl, who at the age of 5 years developed CRMO. At the
age of 8§ years, splenomegaly was noted for the first time
and hepatomegaly appeared 5 years later. The diagnosis
of CDA was established at the age of 13 years. The girl
was the first and only child of healthy unrelated parents
[27]. We speculate that most probably this European girl
had the same syndrome we are describing.

Table 2 Comparative features of sporadic CRMO and CRMO as
part of the syndrome of CRMO and CDA. (NSAID nonsteroidal
anti-inflammatory drugs)

Feature Sporadic CRMO CRMO as part of
CRMO and CDA
syndrome

Age at onset 4-15 years 3 weeks—19 months

Frequency of 1-4/month 2-4/year

episodes

Duration 1-14.5 years 4-21 years

Spontaneous Frequent No lasting remissions

remissions

Treatment NSAID NSAID

Table 3 Onset and duration of sporadic CRMO and CRMO as
part of the syndrome of CRMO and CDA in childhood studies

The clinical course of CRMO in this autosomal re-
cessive syndrome seems to be different from that of the
sporadic form of CRMO, first described by Geidion
et al. [12] (Table2). The age at onset of the sporadic
form of CRMO in the majority of the large series in
childhood varied between 7-15 years, showing that
CRMO is a disease of late childhood and early ado-
lescence (Table3). However, the age at onset in our two
present patients was much earlier (3-8 weeks) and is
similar to the four patients of the family reported by us
earlier [19] (Table4). It is interesting that the two pa-
tients (brother and sister) with CRMO described by
Festen et al. [9] also had an early onset ranging be-
tween 1-2 years. Furthermore, the clinical course of
CRMO in our patients seems to be far more aggressive
(1-2 relapses/month) than that in reports describing the
sporadic form. Of the six patients with the sporadic
CRMO reported by Girschick et al. [13], three patients
developed six relapses over a follow-up period of 3
years (two relapses/year). Similarly the patients de-
scribed by Gallagher et al. [10] developed 11 episodes
each over a follow-up period of 2.5 years (4.4 relapses/
year). However, the aggressive course seen in our two
present patients is similar to that described in the four
patients of the family reported by us earlier [19]. Data
from this study show the long duration of the disease
ranging between 3.5-21 years in our two present pa-
tients and is also similar to the family reported by us
earlier [19]. None of our patients had a long remission.
The girl described by Festen et al. [9] had CRMO for
23 years, although she had spontaneous amelioration

Reference Children (n) Age at onset Duration after puberty. However, two of the seven patients with
(years) (follow-up) the sporadic form of CRMO described by Leisure et al.
(years) [16] had spontaneous remission after a short follow-up
[23] (sporadic) 10 712 5 per‘lod of 15 and 27 months. Of the ten patients de-
[15] (sporadic) 7 8-13 1-3 scribed by Quelquejay et al. [23], four had spontaneous
[13] (sporadic) 6 9-15 3.5 remissions after a follow-up period of 5 years. Unlike
[16] (sporadic) 7 7-14.5 1-4.5 the sporadic form, CRMO in this syndrome is char-
H]l](s(gggigé?c) g i‘;t}avaﬂable ;:é“ acterised by an early onset, aggressive course with
[19] (CRMO 4 0.75-1.5 9-15 frequent relapses and a long duration of activity (Ta-
and CDA) ble2). However, there was no correlation between the
Present report 2 3-4 weeks  3.5-21 severity of anaemia and the degree of inflammatory
(CRMO and CDA) activity
;22‘33:3 gfhfhgzr;f c%rrgrg}:%f Case (sex)  Date of birth Present age Age at onset No. o{ ltf;sions at
CRMO and CDA in six pa- (years) DA CRMO? presentation (1)
tients. Cases 1 and 2 (siblings)
are the subject of the present
1 (F) 05.04.1997 4 6 months 1 year 1
report. Cases 3.]?1‘.“1 4 (bmt}le“) 2 (M) 30.11.1979 21 4 months 2 months® 1
and 3 an (siblings) are from 3 \p) 16.06.1984 16 6 months I month 1
[16] 4 (M) 17.11.1982 18.5 10 months 19 months 1
5(F) 08.02.1986 15 9 months 9 months 2
6 (M) 24.10.1989 11.5 9 months 1 year 1

Sites of bone lesions: right distal humerus, right distal tibia, left distal tibia, right distal ulna, left distal
humerus, distal phalanx of right index figure, left proximal femur, left distal tibia, right distal femur,
distal ends of proximal phalanges of both hands (during each episode one or more sites were involved;
many sites were affected more than once)

bStarted recurrent episodic fever without bone lesions at age 2 months; fever and periarticular lesions

started at the age of 9 months



Both patients in this report failed to thrive; weight
and height were below the 5th percentile. This was
obvious and severe in case 2 seen at the age of 21 years;
however it was also clear in case 1 at the age of 3 years,
suggesting that these features develop early in the
course of this syndrome. The four children reported by
us earlier also failed to thrive; weight and height were
below the 5th percentile (Table 4, cases 3, 4, 5, 6).
These data strongly suggest that failure to gain weight
and height is an integral part of the syndrome and
develops early in the course of the disease. No solid
evidence is available for the explanation of this feature,
however, chronic severe anaemia and a chronic
aggressive inflammatory response may be actiological
factors.

The radiological bone changes show a wide spectrum
of findings; those in the skull of case 2 are due to the
underlying anaemia (Fig.4) whereas those seen in the
long bones of both patients are due to long standing
CRMO (Figs.1, 3). It is interesting that case 1 (aged 3
years) did not develop bone changes due to CDA. In
both patients, the iron stores in the bone marrow were
depleted. Poverty, an underprivileged socioeconomic
status and a chronic inflammatory process may be
aetiological factors.

Of the three patients with CRMO and CDA reported
by us in 1989, two brothers had Sweet syndrome [25];
one had spontaneous resolution without scarring [18]. A
child with CRMO and Sweet syndrome was reported by
Edwards et al. [8], however the child did not develop
CDA and did not fit with the syndrome of CRMO and
CDA. The association of CRMO with other dermato-
logical disorders including psoriasis vulgaris and
palmoplanter pustulosis has been reported in the spo-
radic form of CRMO and not in the syndrome described
here [15]. According to the data available, Sweet syn-
drome does not seem to be a part of the syndrome of
CRMO and CDA.

One of our patients (case 2), developed flexion de-
formities after a disease (CRMO) activity of 13 years
(Fig.2). This has not been described before, neither in
the familial nor the sporadic forms of CRMO. However,
Byrd et al. [4] reported a similar disease in mice which
caused deformities restricted mainly to tail kinks and
limb deformities. It resembled human CRMO by having
a chronic inflammatory process involving multiple os-
seous sites and no pathogen could be isolated. The dis-
ease causing gene was mapped to the mouse
chromosome 18 [4]. However, the genetic basis of
CRMO has not been established in humans, although
there are scattered reports of familial cases [2, 8,20].
Similarly CDA in this report seems also to be different
and is characterised by microcytosis. Type 1 CDA is
macrocytic, type 2 is normocytic or macrocytic, and type
3 is macrocytic.

In our experience, non-steroidal anti-inflammatory
drugs were moderately helpful. However, they did not
seem to have affected the frequency of relapses, the
duration of the episodes or the course of the disease.
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Two patients in our previous report responded
remarkably to short courses of corticosteroids [18].
However, in the presence of a protracted course in
some patients with CRMO, we believe that the adverse
effects of long-term corticosteroid therapy, including
growth retardation, are potentially dangerous. Festen
et al. [9] reported a remarkable improvement in one of
their two patients on 1 mg daily colchicine therapy.
This is not in agreement with our experience; we tried
1.5-2 mg daily colchicine therapy for 4 months in our
first three patients, initially diagnosed as familial
Mediterranean fever, with no response (unpublished
observation).

One of our patients (Table 4, case 2) reported earlier
[18,19] had undergone a splenectomy elsewhere in 1994,
Since then he did not need blood transfusions and could
maintain his haemoglobin at around 110 g/1 for 6.5 years
thereafter. However, this did not affect the course of his
CRMO which remained frequently recurrent and ag-
gressive showing that there is no correlation between the
severity of CDA and CRMO. Splenectomy was reported
to be effective in CDA types 1, 2 and 3 [5,6]; neverthe-
less, the favourable response to splenectomy in our pa-
tient with the syndrome of CRMO and CDA has not
been reported before. Recently interferons were reported
as successful therapeutic measures [1, 10, 22,24]. Sham-
seddine et al. [24] reported two patients with CDA type 1
in whom alpha interferon therapy “normalised their
haemoglobin level which was maintained 6 months after
discontinuation of treatment® [24].

This report confirms the syndrome of CRMO and
microcytic CDA as a distinct clinical entity. This is the
third sibship in which at least two siblings are affected
which further confirms the autosomal recessive mode of
inheritance.
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