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Prostacyclin concentrations in haemolytic uraemic
syndrome after acute shigellosis in children
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Abstract
The role of prostacyclin in the pathogenesis
of haemolytic uraemic syndrome was evalua-
ted in 11 children with acute shigellosis.
Plasma concentrations of6-keto prostaglandin,
Fla, a stable metabolite of prostacyclin, were
measured by radioimmunoassay during acute
illness, early convalescence, and after clinical
recovery. Its concentration was low during
acute illness in each patient, returning to
normal concentrations or above at the time of
the last sample. These results suggest that
plasma prostacyclin may be involved in the
development of the syndrome.

Haemolytic uraemic syndrome (HUS) is one of
the most important causes of acute renal failure
in childhood in some regions of the world.' The
association of severe shigellosis with HUS has
been well established,2 3 but the pathogenesis of
HUS remains unclear. Deficiency of prosta-
cycin has been implicated in the pathogenesis
of the syndrome.t1 Prostacyclin infusion has
also been used in the treatment of HUS either
with improvement" or equivocal results.'2 On
the other hand, a recent study in five children
with HUS showed that plasma 6-keto prosta-
glandin Fla (PGFIa), the sole stable degrada-
tion product ofprostacyclin (PGI2), was raised. 3
The present study was aimed at evaluating the
concentrations of prostacyclin by measuring
PGFIa after severe shigellosis in children during
the acute and convalescent stages as well as after
clinical recovery.
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Patients and methods
SELECTION OF PATIENTS
The study was designed to allow estimation of
PGFia on each patient during the three differ-
ent stages of the illness: on development of
HUS (acute stage), during early convalescence
(4-5 days after diagnosis of HUS), and on
recovery (>15 days after diagnosis, or when
serum creatinine concentrations return to
normal). This was considered appropriate as
each patient acted as his or her own control after
recovery. To determine the normal value of
prostacyclin, it was measured in 18 apparently
healthy volunteers.
One hundred children between 1 and 10 years

of age (median age 6 years) with severe shigello-
sis (characterised by passage of frank blood in
the stool with fever, abdominal pain, and signs
of toxaemia) with a mean duration of nine days
were screened between April 1985 and March
1986 for the development of HUS as indicated

by a fall in packed cell volume, thrombocyto-
penia, and renal failure. Of these, 11 patients
were studied prospectively when they developed
leukaemoid reaction (white cell counts of >50x
109/1), clinical evidence of haemolysis, and
oliguria (urinary output of less than 10 ml/kg/
day) despite adequate hydration. Development
of microangiopathy was indicated by a sudden
drop in the packed cell volume (>10% drop
within the first week of hospitalisation and
presence of more than 2% fragmented red blood
cells on peripheral blood smears). Patients with
septicaemia and other systemic illnesses were
excluded from the study. The study had the
approval of the ethics committee of the centre
and an informed consent was obtained from the
parent or legal guardian before any patient was
included in the study.
A finger prick blood sample for a complete

blood count and peripheral smear was obtained
on admission. Venous blood was collected
without stasis for assaying prostacyclin by
radioimmunoassay and for coagulation measure-
ments, such as partial thromboplastin time,
thrombin time, and prothrombin time using
Boehringer coagulation assay kits (Boehringer
Mannheim). Blood was also collected for culture,
measurement of haptoglobin, and determina-
tion of serum protein, electrolyte, and creatinine
concentrations. Rectal swab and stool were
cultured on admission and the next day on
MacConkey's agar and on salmonella-shigella
agar for isolation of shigella.

Blood was taken from patients during the
acute stage of the illness after hydration, during
convalescence, and on recovery. On each occa-
sion 4 ml was collected using an ice cold syringe
and was transferred into two tubes containing
EDTA (0-7 mg/ml plasma). One tube was cen-
trifuged at 1500 g for 15 minutes at 0°C to
obtain platelet-poor plasma and the other tube
was centrifuged at 150 g to collect platelet-rich
plasma. Both samples were then stored at
-20°C for subsequent determination of pros-
tacyclin stimulating activity in the plasma
samples.
PGI2 production was measured by the

method of Moncada et al.'4 This consisted of
cutting fresh rabbit aorta into fine rings, kept in
tris buffer (0-05M pH 7-5) on ice for not more
than two hours. The rings were then incubated
in tris buffer at 22°C for five minutes and
washed in ice cold buffer. This step was
repeated five times to remove the basal pros-
tacyclin activity. Then, 75 p1 of platelet-
poor plasma in 200 ml of buffer were incubated
with 40 to 60 mg of the clear vascular tissue at
37°C for 15 minutes. At the end ofthe incubation,
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The plasma concentrations ofPGF(,, for the 11 patients measured during the acute stage
ofillness, during convalescence, and on recovery, compared with concentrationsfrom
healthy controls.

indomethacin (10 tg/ml) was added to stop
further formation of prostacyclin. After remov-
ing the vascular tissue the incubants were then
stored at -20°C.

6-keto PGFia, the stable non-enzymatic
degradation product of prostacyclin (PGF2a),
was then measured in the incubation mixtures
by using a radioimmunoassay kit (New England
Nuclear (NEN)). Antibody against 6-keto
PGFia, supplied by NEN, has a cross reactivity
with PGE2. A pilot experiment was therefore
done to rule out the contribution of PGE2

Table I Clinical characteristics of patients with HUS as
studied serially

Case Age Sex Duration (days) Bacteriological
No (years) diagnosis

Dysentery* Oligurial
anuria

1 3 F 12 3 S dysenteriae type I
2 6 M 11 5 Sdysenteriaetype I
3 4 M 14 3 S flexneri
4 3-5 M 7 3 Sdysenteriae type )
5 5 M 7 7 Sdysenteriaetype I
6 6 M 9 2 S flexneri
7 10 M 8 2 S dysenteriae type I
8 5 M 7 2 Sdysenteriae type )
9 10 F 8 2 S dysenteriae type I
10 9 M 12 7 S dysenteriae type I
11 10 M 9 2 S dysenteriae type )

*Bloody mucoid stool with accompanying abdomninal pain,
tenesmus, and fever.

activity in the radioimmunoassay of the incuba-
tion mixture.

6-keto PGFIa concentrations were measured
on three occasions in 11 children who had
developed HUS after shigellosis-during acute
illness, during early convalescence, and on
clinical recovery.

Plasma haptoglobin was estimated by hae-
moglobin binding and gel filtration in seven of
the 11 patients during the acute stage of the
illness and after clinical recovery.

Antibiotic treatment, fresh blood transfusion,
and early institution of peritoneal dialysis, as

indicated by raised serum creatinine concentra-
tions, were the standard regimen followed for
our patients with HUS.

STATISTICAL ANALYSIS
Student's t test was used to measure the
difference of the means between controls and
patients at the acute stage.

Results
Table 1 shows the clinical characteristics of 11

patients recruited for the study. All patients
yielded shigella (Shigella dysenteriae 1 in nine
and Shigella flexneri in two). All patients in this
study group made complete recovery except one
(case 5) who developed chronic renal failure and
was lost to follow up after about a year.

Relevant initial laboratory findings in the
patients are shown in table 2. All patients had
hyponatraemia, hypoalbuminaemia, and raised
concentrations of serum creatinine.

Plasma concentration of 6-keto PGFia, a

stable metabolite of prostacyclin, is shown in
the figure. At the peak of the acute stage of the
illness the mean (SD) value of PGF1a was 135-6
(41-5) pg/ml. The corresponding value in 18
healthy volunteers was 164-1 (29-2) pg/ml. This
difference between. the normal control and
patients at the acute stage was significant
(p<003). The value became higher during the
two subsequent sampling periods, returning to
normal on recovery. Case 4 did not attain the
expected normal concentration of PGF1a even

at the recovery stage. The period of observation
was relatively shorter in this patient than in
other cases.

Results of the coagulation studies are shown
in table 3. In seven of nine patients studied,
prothrombin time, thrombin time, and partial

Table 2 Initial laboratory findings of study patients with HUS

Case Blood Serum
No

Packed cell Total white Platelet Albumin Sodium Creatinine
volume cell count count (gll) (mmol/l) (smol/l)

(x109/l) (x109/1)
1 0 30 67-5 25 30 124 249
2 0-20 70-0 110 32 124 513
3 0-25 59 0 50 28 123 282
4 0-28 50-0 120 30 130 287
5 0 30 60-0 35 32 130 498
6 0 31 616 115 25 124 311
7 0-26 557 130 34 124 539
8 0-29 60-0 50 26 124 462
9 0-29 69-0 55 30 102 700
10 016 840 70 32 125 290
11 0-26 65 0 100 26 119 678
Mean 0-26 63-7 80 0 30 3 122-6 428
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Table 3 Coagulation abnormalities in patients on
development of HUS

Case Prothrombin Partial Thrombin
No time thromboplastin time

(s) time (s)
(s)

1 16 (12) 30 (25) 22 (18)
2 17 (12) 32 (28) 25 (20)
3 22 (15) 25 (28) 22 (18)
4 11 (12) 20 (20) 19 (18)
5 15 (11) 30 (26) 24 (20)
6 15 (11) 25 (20) 24 (18)
7 15 (14) 25 (21) 17 (16)
8 - _ _
9 -

10 16 (12) 31 (25) 22 (18)
11 16 (12) 30 (25) 24 (18)

Control values in parenthesis.

Table 4 Serum haptoglobin concentrations (mg/100 ml) in
patients with HUS

Acute Recovery Mean
(n=7) (n=7) difference

Mean 65-4 212-3 146-9*
SEM 7-6 32-2 30-1

*p<0 002 (paired t test).

thromboplastin time were prolonged. Table 4
shows the serum haptoglobin concentrations in
seven of the patients who were included in the
coagulation studies. Significantly low values
were observed in the acute stage of the illness
which returned to normal after recovery. The
mean (SEM) difference between the recovery
and the acute stage was 146f9 (30-1). Although
the value in the acute stage was significantly
lower (p<0001) than the healthy controls with
a mean (SE) of 183-5 (5-2), the difference
between the values from controls and patients
on recovery was not significant.

Discussion
The study clearly showed an overall depression
of PGF1a concentrations in patients with HUS
during the early phase of the illness which sub-
sequently increased to normal values during
early convalescence and on recovery. To our
knowledge this is the first reported longitudinal
study which measured the concentrations of a
prostacycylin metabolite in HUS where the
patient acted as his own control. Moreover, the
patients in the study were clinically a distinct
group in that all had severe shigellosis as the
primary illness. HUS after severe dysentery has
been reported from the Indian subcontinent
since 1975.2 3 15 It seems that during each cycle
of a shigellosis epidemic, a fresh crop of patients
with HUS are seen.

It is difficult to offer an explanation for these
low values of PGFIa during the early phase of
HUS in the absence ofother prostaglandin meta-
bolites, such as thromboxane A2. Perhaps this
low concentration indicates either a high rate of
consumption of prostacycin or poor produc-
tion. In all cases, after clinical recovery, the
prostacyclin concentrations increased signifi-
cantly, often exceeding those found in the
apparently healthy volunteers. Hence, as
suggested earlier,4 5 the development of HUS
may be a response to the lack of a plasma factor
that stimulates prostacyclin activity during the
acute stage.

Prostacyclin, a potent vasodilator and inhibi-
tor of platelet aggregation, is produced by the
endothelial tissue of the vascular system. It has
now been established that endothelial damage is
caused by endotoxin, due to Gram negative
bacteraemia, a common finding in severe
shigellosis, particularly when due to S dys-
enteriae type L.' The observed initial lowering of
prostacyclin is probably due to its high con-
sumption and/or low production because of
the damaged endothelial lining. Subsequent
increase is probably due to recovery of the
vascular endothelium after clearance of the
endotoxin from the circulation.
The changes observed in the coagulation

parameters could either be due to the presence
of fibrinogen-fibrin degradation products or
deficiency of fibrinogen. We could not do
fibrinogen-fibrin degradation product measure-
ments in this study. However, mildly abnormal
clotting studies in the presence of appreciable
thrombocytopenia are compatible with dis-
seminated intravascular coagulation which is
commonly associated with HUS. Intravascular
haemolysis, as evidenced by significantly
decreased values for haptoglobin, was marked
only in the acute stage of the illness.

Other laboratory evidence indicates that all
these patients made apparently complete
recovery from this with the exception of one
who developed chronic renal failure.

In this study we could not include patients
with acute shigellosis without HUS to act as
controls. This would have helped us in under-
standing whether depression of prostacyclin is a
matter ofdegree or an 'all or none' phenomenon.
HUS is probably not a single disease entity

and it is more likely that different pathogenetic
mechanisms may underlie different forms of the
disease. Levin et al found reduced prostacyclin
production in children with a sporadic type of
HUS, which they thought to be due to the
presence of an inhibitory substance.'0 It would
be difficult to classify our patients as clearly
sporadic or epidemic. All the study children,
however, initially had acute shigellosis and most
had clinical characteristics of both types.
Our data support the view that in the acute

stage of post-shigellosis HUS, lowering ofPGF,l
concentrations may have an important role in
the pathophysiology of HUS, although endo-
toxaemia may yet prove to be a precipitating
factor in the HUS which develops after
shigellosis.
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Lisch nodules
These nodules on the iris were first described by Waardenburg in
1918 but Lisch pointed out their association with von Reckling-
hausen's neurofibromatosis in 1937. They are small, clear, yellow
or brown nodules which project from the surface of the iris and
when multiple are thought to be diagnostic of neurofibromatosis.
In pathological terms they are melanocytic harmartomas. They can
be seen with the naked eye but are best observed and distinguished
from naevi on the iris by slit lamp examination. Guidelines for the
diagnosis of neurofibromatosis were offered at a consensus
conference in 1987.1 There are two types. Peripheral neuro-
fibromatosis, or von Recklinghausen's disease, is type 1 and type 2
is central neurofibromatosis associated with bilateral acoustic
neuromas. Lisch nodules are associated with type 1 disease which
may be diagnosed in the presence of two or more of: two or more
neurofibromas, one plexiform neurofibroma, axillary or inguinal
freckling, optic glioma, two or more Lisch nodules, a typical
lesion of bone, or an affected first degree relative.
A recent report from Miami Children's Hospital (Marie-Louise

E Lubs and colleagues, New England Journal of Medicine 1991;
324:1264-6) examines the significance of Lisch nodules in 167
patients from 120 families with type 1 neurofibromatosis. Under
the age of 3 years both Lisch nodules and neurofibromas were
uncommon being found in only 5 and 10% of patients respectively.
Thereafter the prevalence of both features increased steadily
throughout childhood with Lisch nodules being the more common
feature at all ages. They were found in 42% of 3 or 4 year olds,
about 80% of 9 to 14 year olds, and in all 65 adults over the age of
20 years. Neurofibromas were present in 10% of 3 or 4 year olds,
50% of 9 to 14 year olds, and 95% of adults. Lisch nodules were
never the only finding, there were always other signs of the
disease, usually cafe au lait spots. The prevalence of the nodules
was not influenced by the clinical severity of the disease, race, sex,
family history, or the presence or absence of central nervous
system tumours.
The absence of Lisch nodules virtually excludes the presence of

the neurofibromatosis gene in an adult. In children with only one
of the diagnostic criteria the diagnosis becomes less likely with
increasing age in the continued absence of the nodules. The
authors calculate that in such circumstances the risk of having the
gene is 50% at birth, 15% at 9 to 14 years, and zero over the age of
20 years.

ARCHIVIST

1 National Institute of Health Consensus Development Conference. Neurofibromatosis:
conference statement. Arch Neurol 1988;45:575-8.
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