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SHORT REPORTS

Widespread bone infarction
complicating meningococcal
septicaemia and disseminated
intravascular coagulation
Fulminant meningococcal septicaemia is often accompanied by
disseminated intravascular coagulation, which may cause widespread
skin necrosis and infarction of organs such as the adrenals, brain,
and kidneys.' We describe a patient who developed extensive bone
infarction after meningococcal septicaemia.

Case report

A 19 year old West Indian man was unwell for 12 hours and was ad-
mitted to hospital when he became unrousable. He was deeply unconscious,
had pronounced neck stiffness, and developed an ecchymotic rash that
spread rapidly. His temperature was 37-1 °C and blood pressure 90/0 mm Hg.
Fulminant meningococcal septicaemia with meningitis was diagnosed; there
were Gram negative diplococci in the cerebrospinal fluid and Neisseria
meningitidis, group W135, was cultured from blood and cerebrospinal
fluid. He showed evidence of disseminated intravascular coagulation with a
low platelet count (48 X 109/1), increased fibrin degradation products (128 ,ug/
ml, normal 0-8 ,g/ml), prothrombin time (34 s, control 14 s), and kaolin

V.~~~~~~~~~~~-

X ray films and isotope bone scans of our patient's hands and feet three
weeks after admission showing widespread, patchy osteolysis, periosteal
reaction, and abnormal isotope uptake.

cephalin clotting time (62 s, control 40 s). A test for haemoglobin S yielded
a negative result, and haemoglobin electrophoresis was normal. He was
immediately given intravenous benzylpenicillin 4 MU every four hours
and a single dose of hydrocortisone 200 mg. He improved rapidly and
hydrocortisone was discontinued. Heparin was not given. Within 24 hours
he was fully orientated, and the laboratory evidence of disseminated intra-
vascular coagulation resolved over the next four days. The ecchymotic
lesions became necrotic and healed slowly after debridement of extensive
slough. He developed dry gangrene of three left toes, necessitating amputa-
tion of the distal phalanges.

His temperature did not respond, remaining at 38-5'C despite three
weeks' treatment with penicillin. He felt well and had no localising signs of
infection or evidence of arthritis or endocarditis. Cerebral abscess and
subdural collection were excluded by computed tomography of the brain.
There was no leucocytosis, and repeated cultures of blood, urine, and skin
swabs were negative.
Eleven days after admission a radiograph of his left foot showed widespread

cortical bone destruction and periosteal reaction (figure) not typical of
osteomyelitis. There were similar radiographic changes in the right foot,
both hands (figure), and both tibias, fibulas, radiuses, and ulnas. A 99mT
diphosphonate bone scan showed areas of increased isotope uptake corres-
ponding to the abnormal areas on the x ray film (figure). Antibiotics were
stopped after three weeks and the fever resolved 44 days after admission.
Apart from the fever and muscle wasting he showed no clinical manifesta-
tions of bone disease. Further x ray examinations after six weeks showed
partial resolution of the abnormalities. Serum calcium and phosphate
concentrations and serum alkaline phosphatase activity were normal through-
out.

Comment

The radiographic and bone scan appearances suggested wide-
spread bone infarction caused by intravascular deposition of fibrin
during the episode of disseminated intravascular coagulation.' The
pattern of the bone changes, often with both sides of a joint
being affected, the absence of local infection and leucocytosis, the
patient's good health, the negative blood cultures, and the failure to
respond to high doses of penicillin all argued against the diagnosis
of osteomyelitis. Other causes of bone necrosis such as sickle cell
disease and high dose steroid treatment could also be discounted.
We have found only one previous report of this phenomenon, that
of a 2 year old boy who showed similar radiographic changes after
meningococcal septicaemia with disseminated intravascular co-
agulation.2 Abnormal bone growth, epiphyseal destruction, and pre-
mature epiphyseal-metaphyseal fusion have also been described as
late consequences of meningococcal sepsis in eight children,3 and
these changes may be late sequelae of bone infarction. Acute bone
changes similar to those in our patient have also been observed in a
10 day old boy with klebsiella septicaemia and disseminated intra-
vascular coagulation.4

Apart from pyrexia the bone necrosis in our patient was clinically
silent; the late consequences seen in children probably could not
occur in an adult whose growth is complete. Bone necrosis should be
considered among the possible causes of persistent fever after menin-
gococcal septicaemia. The radiological changes (figure) may be
mistaken for those of osteomyelitis if they are found in a single bone.
X ray examinations of other bones and an isotope bone scan may
suggest the correct diagnosis.
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We are grateful to Dr N A Barrington, consultant radiologist, and to
Dr M Holroyd, principal physicist, for their help in evaluating this case.
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An abnormal collagen a chain
containing cysteine in autosomal
dominant osteogenesis imperfecta

The brittle, osteoporotic bones that characterise osteogenesis im-
perfecta often mask more generalised changes in connective tissue.
These may develop in the skin, which is often soft and hyperextensible,
and the eyes, where the scleras are often blue owing to their reduced
thickness. Umbilical and inguinal hernias, joint hypermobility,
floppy mitral valves, blood vessel fragility, and poor dentition have
also been noted.' The disease is clinically variable; Sillence et al have
classified four major subgroups based on mode of inheritance and
disease severity,2 but each of these groups appears to be hetero-
geneous. The clinical variability and the diversity of the changes in
connective tissue suggest a group of generalised molecular defects.
Recently biochemical investigation of the disease has shown a number
of abnormalities of collagen, the major structural protein of con-
nective tissues. The recognition of these abnormalities is important
for the clinical understanding of the disease and in assessing its
potential for prenatal diagnosis. We report one form of osteogenesis
imperfecta designated type I by Sillence that is characterised by an
abnormal collagen a. chain containing cysteine.

Subjects, methods, and results

Our patient was an 11 year old boy with normal teeth, blue scleras, and
short stature who had suffered recurrent fractures and malhealing of his
tibias. Paradoxically, at operation his bones were noted to be unusually
hard despite their brittle nature. His mother was also short with a history of
fractured small bones of the hand during childhood; his father and sister
were clinically normal.

Cell cultures were established from skin and bone biopsy specimens,
taken from the patient at surgery, and from skin biopsy specimens from both
parents and the sister. The proteins synthesised by these cells were radio-
actively labelled by feeding with a medium (modified Eagle's medium:
Dulbecco) containing 14C-proline (1 juCi/ml). Purified collagens were then
examined by sodium dodecyl sulphate gel electrophoresis3 with delayed
mercaptoethanol reduction to resolve type III collagen.4 Radioactive bands
were visualised by fluorography,5 and the x ray plates canned in a densito-
meter.
The boy's clinical features were typical of mild Sillence type I osteo-

genesis imperfecta. Gel electrophoresis (figure) of the collagens synthesised
by the patient's skin and bone cells and also by the mother's skin fibroblasts
showed an unusual band (X') in addition to the normal xl(I) and a2(I)
collagen chains. The X' band was seen in neither the father's nor the sister's
skin fibroblast cultures nor in a number of control fibroblast lines. Without
mercaptoethanol reduction X' had a molecular weight approximately twice
that of a normal collagen a chain. After delayed mercaptoethanol reduction

(figure) X' disappeared to be replaced by another new band (X") migrating
slightly faster than the al(III) collagen chains. As mercaptoethanol breaks
the disulphide bonds formed between cysteine residues of proteins we
inferred that X" contained a cysteine residue and that X' was its disulphide
bonded dimer.
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Sodium dodecyl sulphate polyacrylamide gel electrophoresis of radio-
actively labelled coflagens isolated from cell cultures of controls (1, 2, 3, 4,
5, 6), patient's bone (7), patient's skin (8), mother's skin (9), and father's
skin (10)
(a) without mercaptoethanol reduction
(b) with mercaptoethanol reduction after an initial period of electrophoresis.
0 marks top of each gel.

Comment

Measurement of the various a chains by densitometry suggested
that the a chains containing cysteine were associated in a triple helical
molecule with a normal a2 chain. The predominant collagen in normal
bone is type I collagen, which has a chain composition al(I)2a2.
None of these chains contains a cysteine residue. Type III collagen,
which is not a normal constituent of bone, has two cysteine residues
in each. chain and forms a disulphide bonded trimer containing three
identical chains designated al(I13). al(III) chains, however, have
never been found to associate with a2 chains of type I collagen.
The new X" chain was probably produced by a point mutation in

the xl(I) chain. This can arise from a single base change in the
al(I) gene, for example, a substitution of cytosine, adenine, or guanine
by thymine in the deoxyribonucleic acid would convert either an
arginine, serine, or glycine residue to a cysteine residue in the protein.

This study provides another example of the biochemical diversity
of osteogenesis imperfecta, which is becoming increasingly apparent
in published reports, and suggests that the clinical classification of
Sillence et a12 will have to be modified to accommodate the biochemical
findings. The heterogeneity of this and other inherited diseases of
connective tissue is perhaps not surprising considering the large size
of the collagen molecule (three chains of 1500 residues each com-
pared with 146 residues of the f globin chain) and the extremely
large and complex nature of the collagen gene, which has as many as
50 non-coding regions dispersed in a 40 kilobase gene.
Our results also show the generalised nature of osteogenesis

imperfecta, the abnormality being manifest in cells derived from both
skin and bone. Conversely they suggest that inherited diseases of
collagen may be studied successfully using readily accessible skin
fibroblasts even though the disease may primarily affect internal
organs.
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