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Abstract Of the congenital disorder of glycosylation
(CDG) syndromes, type 1a is the most common. CDG
1a is a multisystem disorder with a wide clinical
spectrum. We report on a term newborn with a severe
and fatal clinical course of CDG 1a syndrome. Skin
fibroblasts showed a reduced activity of phospho-
mannomutase 2 (PMM2) and mutation analysis
revealed a compound heterozygous PMM2 gene
mutation (F119L/F157S). Presenting features at birth
were hypertrophic non-obstructive cardiomyopathy,
‘‘orange-peel’’ skin, inverted nipples and a hydrops-
like aspect due to marked peripheral oedema. Sus-
pected hydrops fetalis was not confirmed due to lack
of ascites and pleural effusions. Striking clinical
problems were therapy-resistant arterial hypertension,
recurrent pericardial and pleural effusions and feeding
difficulties with failure to thrive. Persistent congenital
thrombocytopenia and hyperferritinaemia in the
absence of infection were noted. Bone marrow cytol-
ogy revealed a macrophage activation of unknown
aetiology. Conclusion: Congenital thrombocytopenia,
unspecific macrophage activation and a hydrops-like
aspect without a real hydrops fetalis broaden the
already wide phenotypic spectrum of congenital
disorder of glycosylation syndrome type 1a.
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Introduction

Congenital Disorder of Glycosylation (CDG) syn-
dromes are heterogeneous metabolic disorders of auto-
somal recessive inheritance, caused by defects in the
glycoconjugation of proteins. As a result, they usually
affect multiple organ systems. So far, 14 different CDG
types have been characterised, each with a different
enzymatic defect, accounting for approximately 80% of
all CDG patients [8].

CDG-1a (McKusick 212065) is the most frequent and
best characterised type with more than 500 reported
patients. The underlying cause is a deficiency of phos-
phomannomutase 2 (PMM2), a cytosolic enzyme that
converts mannose 6-phosphate into mannose 1-phos-
phate first characterised in 1995 [12]. Many mutations
have been found in the corresponding PMM2gene
[2,10]. Clinical features in the neonatal period include
abnormal subcutaneous adipose tissue (fat pads,
‘‘orange peel’’ skin), inverted nipples, psychomotor
retardation, cardiomyopathy and feeding problems with
failure to thrive. In the first years of life, mortality is
approximately 20% [6]. Here, we report a severe case of
CDG-1a syndrome presenting typical features and some
new clinical findings.

Case report

The patient, a girl, was the second child of healthy unre-
lated parents. Pregnancy was uneventful except for ges-
tational diabetes treated by diet. The mother noticed
normal limb movements during pregnancy and the girl
was born at 40weeks of gestation by caesarean section due
to cessation of labour. At birth, weight was 4100 g (94th
percentile), length was 51 cm (40th percentile) and head
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circumference was 35.5 cm (70th percentile). APGAR
scores and pH of umbilical venous blood were normal.

We saw a tachypnoeic newborn with a hydrops-like
aspect due to marked peripheral oedema, in particular
labial oedema (Fig. 1). Further features were an ‘‘orange
peel’’ skin, inverted nipples, multiple haematomas and
petechiae. Neurological examination revealed a weak
sucking reflex, absence of Moro reflex, muscular hypo-
tonia and hyperexcitability. Apart from the skin
appearance, we could not confirm the suspected diag-
nosis of ‘‘hydrops fetalis’’ as ultrasound did not reveal
ascites or pleural effusions. Echocardiography demon-
strated non obstructive hypertrophic cardiomyopathy
(right and left ventricle) with a pericardial effusion of
4–6 mm, dilatation of the right ventricle and myocardial
dysfunction. A chest radiograph showed mild respira-
tory distress syndrome. Laboratory data on admission
are given in Table 1. Severe thrombocytopenia persisted
throughout the clinical course with minimal platelet
counts of 9·109/l and a maximum of 66·109/l. There was
no evidence of bacterial or viral infection. Several blood
cultures were negative; serum markers for inflammation
were not elevated. Specific antibody titres for CMV,
EBV, herpes simplex, parvo B 19, picorna-virus and
toxoplasmosis were negative. On the 15th day of life,
initial thrombocytopenia was followed by total bone
marrow suppression: haematocrit 21%, leukocytes
3.3·109/l, platelets 9·109/l. Leukocyte count normalised,
but anaemia and thrombocytopenia persisted. Ex-
tremely high ferritin levels were measured from the 5th
to the 8th week of life with a maximum of 8819 ng/ml
(reference range 15–120 ng/ml).

From the 1st day of life, arterial hypertension was
present with systolic blood pressures above 100 mmHg,
persisting despite antihypertensive treatment with beta-
blockers, diuretics and ACE-inhibitors. Myocardial
function could not be improved and pericardial effusion
increased. Finally, drainage of pericardial effusions and
pleural effusions was required. Moreover, severe clinical
problems were feeding difficulties with failure to thrive.
The patient tolerated only small feeding volumes and
vomited frequently and finally required gastroduodenal
tube feeding. Stools were loose and watery. During the
course of the disease, respiratory and myocardial func-
tion deteriorated and the girl died after 8 weeks of life.

Post-mortem findings showed hypertrophic non-
obstructive cardiomyopathy, enlarged polycystic
kidneys, incomplete liver cirrhosis, pancreas fibrosis,
ascites, and pericardial and pleural effusions. Neuropa-
thology revealed partial cerebellar atrophy, especially of
the vermis, and generalised white matter gliosis. Bone
marrow cytology showed macrophage activation with
phagocytosis of erythropoetic elements. There were no
histopathological signs of viral or mycobacterial infec-
tion in any organ.

Finally, the clinical aspect with ‘‘orange peel’’ skin,
inverted nipples and cardiomyopathy led to CDG syn-
drome as the potential underlying disease. Isoelectric
focussing of serum transferrin performed on the 50th
day demonstrated a characteristic pattern of CDG syn-
drome. The specific enzyme activity of PMM2 in skin
fibroblasts was reduced to 0.13 mU/mg protein (control:
2.9 mU/mg protein), confirming the diagnosis of CDG-
1a. The activity of phosphomannose isomerase was
normal (10.5 mU/mg protein, control: 10.2 mU/mg
protein). Genomic analysis revealed a compound het-
erozygous F119L/F157S mutation in the PMM2gene.
The parents refused genotyping.

Discussion

Our patient presented the typical clinical features of
CDG-1a syndrome such as hypertrophic cardiomyopa-
thy, inverted nipples and ‘‘orange peel’’ skin. However,

Fig. 1 The patient on the 5th day of life still requiring continuous
positive airway pressure ventilation. Prominent are marked
peripheral oedema, especially labial oedema, and an ‘‘orange peel’’
skin

Table 1 Laboratory data of the patient on admission

Parameter Patient Reference range

Haematocrit (%) 51 (41–65)
Leukocytes (·109/l) 17.8 (5–20)
Lymphocytes (%) 8 (20–42)
Monocytes (%) 21 (<10)
Neutrophils, total (%) 63 (36–84)
Precurser cells (%) 10 (0–6)
Platelets (·109/l) 22 (150–300)
Quick (%) 84 (>70)
PTT (s) 38.2 (26–36)
Fibrinogen (g/l) 2.5 (1.8–3.5)
AT III (%) 27 (75–125)
D-dimers (lg/l) 546 (<192)
CRP (g/dl) <5.0 (<5.0)
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we found several clinical and laboratory findings that
have not been reported so far in patients with CDG-1a
syndrome. In detail, we found a hydrops-like skin
appearance without ascites or pleural effusions, a con-
genital persistent thrombocytopenia and finally ex-
tremely elevated ferritin levels due to an unspecific
macrophage activation.

Until now, a non-immune hydrops fetalis has been
reported to be associated with CDG-1 syndrome. Orig-
inally, this was based on a single case report of two
siblings and the hydrops was described clinically without
major criteria such as ascites, pleural or pericardial
effusions being mentioned [4]. In our case, we noticed
marked peripheral oedema as in true hydrops fetalis;
however, major criteria such as ascites or pleural effu-
sions were absent. Therefore, we question if there is an
association between CDG-1 syndrome and hydrops
fetalis and the clinical term ‘‘hydrops’’ should be used
with caution. In our case, cardiomyopathy could explain
the pericardial effusion but not skin oedema without
ascites or pleural effusions. The skin oedema improved
over time but the ‘‘orange peel’’ skin still remained
(Fig. 2).

The aetiology of the persistent and severe thrombo-
cytopenia and bone marrow suppression on day 15
remains unexplained. A viral infection could be the
underlying course, but we excluded the most likely ones.
Also a neonatal allo-immune thrombocytopenia was
ruled out. A disseminated intravascular coagulopathy
was not likely, both clinically and according to labora-
tory data (Table 1). Elevated d-dimers are a known
coagulation abnormality found in CDG-1 syndrome [5].

Until now, two siblings with CDG-1 and severe
thrombocytopenia have been reported, but in vitro
testing of skin fibroblasts showed normal activity of
both PPM2 and phosphomannose isomerase [1].

Extremely elevated ferritin levels as in our patient
have not been reported in CDG patients so far. The
post-mortem bone marrow cytology showed macro-
phage activation, but did not fulfill all criteria for a
haemophagocytic syndrome. Typical features like
splenomegaly, lymphadenopathy, elevated triglycerides,
low fibrinogen and elevated liver enzymes were absent
[11]. Finally, this unspecific macrophage activation
could explain the hyperferritinaemia. A primary associ-
ation with CDG-1a syndrome is possible, but also viral
infection (we could not specify) or multiple organ failure
could account for the unspecific macrophage activation.

The mutation analysis revealed a compound hetero-
zygous state of two known mutations F119L/F157S on
both PMM2alleles. The F119L mutation accounts for
approximately 16% of all mutant alleles and is common
[10]. The F157S mutation is rare and has been reported
in a Spanish child with a compound F157S/D65Y
mutation, severe neonatal presentation, and early death
[3]. Our child with the genotype F119L/F157S was
severely affected and died after 8 weeks of life. There-
fore, a correlation between the F157S mutation and a
severe neonatal phenotype might be possible. This
hypothesis is further supported by homozygous cases of
either D65Y or F119L presenting a less severe
phenotype [7,9]. Finally, for a more detailed genotype
phenotype correlation, more cases need to be collected
and evaluated in a systematic manner. Furthermore, to
support genotyping, detailed assessment and description
of clinical abnormalities are needed.
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