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results may have been the difficulties in preparing
low-activity milk samples for liquid scintillation
counting. Laumas et al. (1967) precipitated milk
protein with tri-chloracetic acid and then separately
counted the supernatant and the precipitate, the
latter after digestion in hyamine hydroxide. The
more-recently available method of sample prepara-
tion used in this study-automatic sample oxida-
tion-is both simpler than chemical digestion and
more accurate. Both backgrounds and counting
efficiencies were found to be closely reproducible
from run to run.
The results of this study show that in seven

subjects a mean of 0a 14% of the radioactivity from
a 5-mg dose of 3H-prednisolone was recovered per
litre of breast milk secreted over 48-61 hours from
oral administration of the steroid. This may
represent radioactivity bound to the unaltered
drug and to its biologically inactive metabolites.
If these results can be related to a realistic clinical
situation-say, that of a mother taking 30 mg of
prednisolone daily (for whatever reason)-the
amount of steroid which might be received by a
suckling infant through the breast milk would be
extremely small.

Summary
The secretion of 3H in the breast milk of seven

volunteers was studied over a period of about 48
hours after the oral administration of 5 mg of
3H-prednisolone. A range of 007 to 0 *23%
of the dose per litre was recovered.

We thank Dr. D. B. Grant, The Hospital for
Sick Children, London, and Mr. H. S. Williams for
advice and encouragement.
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Watery diarrhoea and
ganglioneuroma with secretion
of vasoactive intestinal peptide
The association between a functioning adrenal

ganglioneuroma and persistent watery diarrhoea
was reported in 1952 by Hawfield and Daisley.
Other neural crest tumours, including neuroblasto-
mas, have since been described in patients with
severe diarrhoea. Many of these tumours secrete
large amounts of catecholamines and metabolites
into the urine. A phaeochromocytoma may also
secrete a large excess of catecholamines but diarr-
hoea is not an associated symptom. The aetio-
logy of watery diarrhoea in neural tumours is
speculative. Several humoral factors have been
incriminated, such as prostaglandins (Sandler,
Karim, and Williams, 1968). A high tissue level
of prostaglandin Faa has been detected in a single
case of ganglioneuroma with diarrhoea but also
in neuroblastomas and phaeochromocytomas with-
out diarrhoea.

In 1970 a vasoactive intestinal peptide (VIP) was
isolated in the pig, and it is now known to provoke
increased fluid secretion into the bowel and diarr-
hoea (Bloom, Polak, and Pearse, 1973). Bloom
et al. (1973) found high levels of VIP in six patients
with severe watery diarrhoea reminiscent of cases
described by Verner and Morrison (1958). In one
of these patients the tumour was not pancreatic in
origin but was "a complex ganglioneuroblastoma".
It therefore seemed germane to investigate the case
of watery diarrhoea reported here for the presence
of excess VIP production.

Case report
A 5-year-old girl presented with a 30-month history

of persistent watery diarrhoea. The constant soiling
worried the parents, especially as she was about to start
school. Her motions, 2-5 a day, were brown, non-
offensive, and watery and did not contain blood, mucus,
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studies showed that the trachea and oesophagus were
displaced forwards and to the right. The small bowel
was normal. The Labrosse Screening Test for VMA
was intermittently positive. Assay preoperatively of a
24-hour specimen of urine for catecholamines and
other metabolites gave the following results (normal
ranges for a 5-year-old girl in parentheses): free nor-
adrenaline 190 ,ug (10-25 ,ug); free adrenaline 35 ,ug
(2-8 ,ug); free dopamine 17 mg (50-150 ,ug); homo-
vanillic acid 15-3 mg (1-5 mg); 4-hydroxy-3-methoxy
mandelic acid 7 9 mg (1-4 mg); 17 oxosteroids 0 4 mg
(<1-0 mg); 17-oxogenic steroids 1 8 mg (<2-0 mg).
The 5-hydroxy-indole acetic acid screening test was
negative.

Left thoracotomy exposed a large encapsulated tu-
mour which extended upwards to the thoracic inlet
and downwards in the paravertebral gutter. It was
adherent to the left subclavian artery, from which it
obtained a blood supply. The tumour extended to the
right side posterior to the aortic arch and there were
massive connections with either the sympathetic chain
or the intercostal nerves. Only about two-thirds of
the mass was removed. Postoperative recovery was
excellent except for a persisting Homer's syndrome.
There was no diarrhoea or other bowel disturbance and
the child went home after two weeks.

Histological examination of the tumour showed it
to be a mature ganglioneuroma with no neuroblastoma-
tous elements. Vasoactive intestinal peptide was

or undigested food. She had slight abdominal dis-
comfort before defaecation. There was no history of
skin flushing or chest trouble. She was said to drink
profusely. In other respects she was healthy and bright.
Her weight was on the 50th centile and her height on
the 10th centile. She looked well with no wasting,
abdominal distension, or other evidence of ill-health.
The blood pressure was 100/60 mm Hg. She was
noted to perspire excessively on the face and to have an
inspiratory stridor when excited. Rectal examination
revealed a rectum empty of solid stool and provoked a
squirt of watery faeces.

Investigations: haemoglobin 13-4 gfdl; ESR 8 mm
in the first hour; urea, electrolytes (potassium 4-1
mEq/l, chloride 110 mEq/l), calcium, phosphate,
acid-base studies, proteins, fasting blood sugar,
plasma osmolality, and sweat test were all normal.
Urine and faecal cultures and other microbiological
investigations were negative. Faecal electrolyte content
was sodium 99 mEq/l, potassium 52 mEq/1, and
chloride 45 mEq/1 faecal water (normal). Urine volume
was low at about 200 ml/day with a high osmolality
(831 mOsm/1). Plasma prostaglandin F2a 200 pg/ml
(normal). Chest x-ray examination showed a very
large posterior mediastinal mass, mainly in the left
hemithorax but also extending to the right (Fig.). The
posterior ends of ribs 3 and 4 were notched and the left
pedicle of T5 was a little out of line, raising the possi-
bility of intraspinal extension of the mass. Barium

--..-.-

FIG.-A large intrathoracic mass subsequently shown to be a functioning gangkonetroma.
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assayed in plasma and acid/alcohol tumour tissue
extracts by a radioimmunoassay. The assay sensitivity
was such that changes in plasma of 10 pg/ml could be
detected with 95 % confidence. No cross-reaction was
detectable with secretin, glucagon, or gastric inhibitory
peptide. The tumour was found to contain 3-6 Hg
VIP/g wet weight and the plasma concentration of VIP
(30 minutes after operation) was 292 pg/100 ml (normal
<50 pg/ml. Plasma concentration of other hormones
were as follows (normal ranges in parentheses): pan-
creatic glucagon 10 pg/100 ml (5-80); secretin 56
pg/100 ml (< 100); gastrin 10 pg/100 ml (5-50); motilin
221 pg/100 ml (50-800).

Discussion
It is not uncommon for tumours of neural crest

origin to secrete an excess of catecholamines and
catechol metabolites. This applies to both malig-
nent neuroblastomas and benign ganglioneuromas,
but diarrhoea is probably more common with gang-
lioneuroma than with neuroblastoma. However,
the association of these tumours with diarrhoea is
rare. Rosenstein and Engelman (1963) stated that
there were 18 reported cases of ganglioneuroma and
diarrhoea, with excessive secretion of catechol-
amines in all 12 cases where they were measured.
Our patient differs from most cases described in
that she was in good general physical health apart
from the persistent watery diarrhoea. There was
no weakness, wasting, abdominal distension, flush-
ing, or respiratory distress. Hypokalaemia was not
a feature and only on careful clinical examination
were the increased facial perspiration and mild
inspiratory stridor detected. They were presumed
to be caused by the mediastinal mass excreting
excessive catecholamines and compressing the
trachea.
While some authors have considered the possible

mechanisms whereby catecholamines cause diarr-
hoea (Hamilton, Radde, and Johnson, 1968;
Stickler et al., 1962) others have rejected the idea
of a causal relation (Smellie and Sandler, 1961).
We have not confirmed Sandler, Karim, and Wil-
liams's (1968) prostaglandin hypothesis and we
have shown that the diarrhoea was not due to an
excess of serotonin. Our most important positive
finding was the raised blood and tumour levels of
VIP. The 28-amino-acid peptide was first isolated
from the upper small intestine of the pig. Its
structure shows similarities to glucagon, secretin,
and gastric inhibitory peptide (GIP). VIP is
known to provoke vasodilatation, raise blood glu-
cose levels, inhibit histamine-stimulated gastric
acid secretion, and stimulate the flow of small
intestinal juices. In children with ganglioneuroma
and watery diarrhoea facial flushing (Hawfield and

Daisley, 1952; Rosenstein and Engelman, 1)63)
and low gastric acidity (Hamilton et al., 1968) have
been described but the fasting blood glucose mea-
sured in one case was normal (Smellie and Sandler,
1961). In our case the fasting blood glucose,
calcium, and phosphate were normal and there was
no evidence of facial flushing. We did not test the
gastric acidity.

In Bloom's series (1973) four pancreatic tumours
and one pancreas with islet cell hyperplasia con-
tained increased levels of VIP in the tumours or the
peripheral blood or both. All the patients suffered
from the watery diarrhoea hypokalaemia achlorhy-
dria syndrome. Another patient with similar
symptoms was shown to have a complex retro-
peritoneal ganglioneuroblastoma with relatively
enormous quantities of VIP in the tumour. Resec-
tion cured the diarrhoea. These findings reinforced
the concept that VIP was acting as a hormone which
in excess amounts caused watery diarrhoea. The
quantities of VIP in our patient were not enormous
but were significantly raised compared with controls.
That the VIP level fell after partial resection to
slightly above control levels whereas the urine
adrenaline and noradrenaline increased greatly
after an initial fall to lower levels postoperatively is
interesting.
At the time of writing our patient has no distur-

bance of bowel function but still perspires easily.
This suggests that the VIP was responsible for the
diarrhoea, although the evidence can remain only
circumstantial. A further resection has given
relief from increasing tracheal compression. The
tumour specimen again showed high VIP levels.
The plasma concentration of VIP at the time of the
second resection was considerably lower than
when first measured but, nevertheless, was above
control levels.

Summary
A young girl presenting with diarrhoea and stri-

dor was found to have a thoracic ganglioneuroma.
The tumour, which was partially resected, contained
an abnormally high amount of vasoactive intestinal
peptide (VIP) as measured by radioimmunoassay.
This decreased after the operation. In addition,
analysis of urine showed the presence of abnormal
amounts of catecholamines and catechol metabolites.
The findings suggest that the diarrhoea in the syn-
drome of ganglioneuroma and bowel dysfunction is
due to an excess of VIP secreted by the tumour.

We thank Professor R. S. Illingworth for his advice
and encouragement; Professor M. Sandler, Queen
Charlotte's Maternity Hospital, for the catecholamine
and metabolite assays; and Professor I. A. Cooke for the
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prostaglandin assay. We are indebted to Mr. D. G.
Taylor for details of the operative procedure and samples
of tumour.
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Sex-related incidence in proteus
infection of the urinary tract in

childhood
In childhood, as in adult life, males enjoy

relative freedom from urinary tract infection (UTI).
Two exceptions are well recognized. One is in
the first months of life, when UTI is commoner in
males than in females, and the other when UTI is
associated with obstructive malformation, which
also shows a male preponderance (Smellie et al.,
1964; Stansfeld, 1966; Smallpeice, 1968). With
these exceptions, most cases of UTI in childhood
occur in females and are due to Esch. coli.
This has largely overshadowed the very different sex
distribution ofUTI due to Proteus species.

In the group of 44 boys with primary UTI
studied by Bergstrom (1972) Esch. coli accounted
for less than half the infections, while Proteus was

the most frequent of the other organisms found. In
age-matched female controls few organisms other
than Esch. coli were found and Proteus did not
occur. Proteus occurs more frequently in children
with repeated UTI: Mann (1972) found P. mirabilis
in 75% of all cases of UTI in boys under the age of
14, compared with 15% in girls, and isolated the
organism from the prepucial sac in 20 of 51 healthy
boys under the age of 10.
We report our observations on Proteus organisms

as urinary pathogens and contaminants, and also
on Proteus in balanitis and on prepucial swabs
from normal children.

Materials and methods
The Oxoid Dipslide with both MacConkey's medium

and cysteine lactose electrolyte-deficient medium
(CLED) is routinely employed in the wards and out-
patient and casualty departments of the hospital.
For the past two years the laboratory has operated an
alphabetically-filed punched-card system for its records
of routine clinical specimens. This has made it possible
to retrieve information on Proteus bacteriuria of definite
or suspected significance. Infections in surgical patients
were excluded from the study.

Because Proteus isolates from the urinary tract are
P. mirabilis in nearly all cases biochemical tests have
not been carried out routinely to distinguish the various
species, but a series of 55 consecutive isolates was
examined to confirm the predominant role of P. mira-
bilis.

Records of the isolation of Proteus from patients with
balanitis were retrieved from the laboratory's files.
For comparison, prepucial swabs were obtained from a
number of healthy boys attending the developmental
clinics and a small number of meatal swabs were taken
from healthy circumcised boys. The age distributions
of the two groups were similar, with medians of between
2 and 3 years.

Results
Over a two-year period 125 children were found

to have Proteus bacteriuria of definite or suspected
significance: 80% of those with repeated counts
exceeding 105 organisms/ml were males (Table I).
The first column of Table I shows the number of
children with viable counts in the range conven-
tionally regarded as 'doubtful'-that is, 104 to 105
Proteus/ml-or with counts of 105 or more which
were not confirmed on further investigation. The
second column shows the number of children with
counts of more than 105 Proteus/lm on at least two
consecutive occasions. Suprapubic aspiration was
carried out on 15 children below the age of 3 years.
The results in only 14 are shown in the third column
because in one case the aspirated urine was sterile.
The identity of the original infecting organism
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