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ummary: Tuberculin tests wit Heals multiple

S puncture method, as well as intraderal tests with
varying strengths of old tuberculin, were ced out on

402 children with severe malnutrition. From the radio-
lWcal and bacteriological findings Si children (12.5%)
were considered to have active tuberculosis. The Heaf
test was positive in only 11 of these children, but the

inradermal test using 100 tuberculin units was positive i

a further 18 This confirms previous findings that tuber-
cu sensitivity is impaired in malnourished children, and
suggests that a higher dose of tuberculin is more likely to
elicit a positive response.

Introduction

Tuberculosis is still a major paediatric problem in the develop-
mg countries, and accounts for a considerable proportion of the

total deaths in infancy and childhood. Brown (1965) reviewed
1,132 paediatric necropsies at Mulago Hospital, Kampala,
during the 12 years 1953 to 1964. He found that tuberculosis
was the major infectious disease and the cause of death in 60
children. Rich (1951) believes that during infancy natural
resistance to tuberculosis is less than in later life, and blood-
stream infection is commoner at this age. The young child n
the tropics may have an even lower resistance to infection as a
result of malnutrition, helminth infection, or malaria, which
are often found in comb on. Poor housing conditions,
overcrowding, and the relative immobility of the infant com-
bine to increase the likelihood of his receiving a massive dosage
of tubercle bacilli from an. infected adult.

Apart from the clinical features, the diagnosis of tuberculosis
in childhood depends on a history of contact with an infected
adult, a positive tuberculin test., radiological changes, and the
results of bacteriology of the gastric washings or laryngeal swab.
A history of contact, even if present, is not always admitted,
x-ray films may be difficult to obtain or to interpret, and culture
of the tubercle bacillus often takes four to six weeks. It is

therefore usual to rely on a positive tuberculin test to support
a clinical diagnosis of tuberculosis. Unfortunately, tuberculin
sensitivity may be suppressed in a number of conditions com-

mon to children in the tropics. These include malnutriton,
indectious fevers, particularly measles (Bentzon, 1953), and
overwhelming tuberculous infections of the miliary orm gitic

type. As a result the tuberculin test in its usual form-

namely the Heaf test (which approximates to 10 units of old
tuberculin)-is of limited value in many sick children.
The purpose of the present study was to evaluate the use of

a stronger solution of tuberculin as a test dose in malnourished
children. The usual strength of old tuberculin (10 units) was

therefore increased by tenfold and hundredfold, and the results
were compared with radiological and bacteriological findings.

Material and Methods

During the 12 months September 1966 to August 1967 402
children with severe malnutrition were admitted to the child-
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rents wards at Mulago Hospital. All had growth failure, as
indicated by a stature and body weight less than expected for
their age. The majority were oedematous; skin lesios and
changes in the colour and texture of the hair were usually
present. The few who had no oedema and did not show skin
and hair changes were suffering from advanced marasmus
rather than kwashiorkor. None of the children were suspected
of having tuberculosis at the time of admission.
The majority of patients had an x-ray film of their chest

taken and a Heaf test performed, as well as a Mantoux test
with O.T. 100 units. The Heaf test was performed

with the multiple puncture apparatus set at 1 mm for
children under 2 years and at 2 mm. for child aged 2
years and over. The purified protein derivative 2 mg./ml. came
from Statens Seruminstitut, Copenhagen. The test was car-
ried out by the nursing staff in the wards, who are accustomed
to the technique, since every child admitted has a routine Heaf
test performed. The results were read three to five days after
the injection.

Wellcome brand old tuberculin, batch T 3059A, 100,000
T.U. per ml., was used for the Mantoux tests, and diluted to
the required strength with suitable buffer solution. The tests
were performed by a nurse trained in the ique of intra-
dermal injection, and the results were read at 72 hours.
Induration of 5 mm. or more was recorded as positive. If
the tuberculin test was negative but there were clinical or radio-
logical findings suggestive of tuberulosis, the Mantoux test
was repeated with O.T. 1,000 units. At the same time laryngeal

swabs and gastric washings were collected for bacteriological
examination.

In an attempt to assess whether there was any difference
between the hypersensitivity response in children with frank
kwashiorker (protein deficiency) and those with marasmus
(calorie deficiency) a further study was undertaken of 77 patients
admitted to the M.R.C. Infantile Malnutrition Research Unit
between January and August 1967. Kwashiorkor was diag-
nosed if the clinical features were characteristic; a low value
of serum proteins and a high ratio of non-essential to essential
amino-acids (Whitehead and Dean, 1964) were used for addi-

tional biochemical evidence in support of the clinical diagnosis.

Results

Table I shows that 51 (12.5%) of 402 children admitted to
hospital with severe malnutrition were also suffering from
tuberculosis. Among these children there were five with a
miliary infection, three with menngitis, and three with abdo-
minal tuberculosis. The remaiing 40 had pulmonary tuber-
culosis. The diagnosis of tuberculosis was based on the radio-

TABLE L-Incidence of Tuberculosis and Malnurition among Childres
admitted to Hosopita, September 1966 to August 1967

Severe NO |I
Kwashiorkor Total

or Ma rasmus M-n-

I1
'atients with tuberculosis 71(12%) 103 (3-1 %) 154 (43%)
Mon-tuberculous patients I 351 (875%) 3,229 (96-9%) 3,580 (95 7%)

Total.. . . 402(100%) | 3,332(100%) 3,734 (100%)
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logical and bacteriological findings (see below), usually con-
firmed by the favourable response to antituberculous therapy.
Table II compares the results of tuberculin testing with the

radiological findings. Over two-thirds of the children were
classified as suffering from bronchopneumonia, enlarged hilar

TABLE II.-Results of Tuberculin Testing compared with Radiological
Findings in 51 Tuberculous Children with Malnutrition

Heaf-Neg.
Heaf-Neg. 100 T.U.- Tubercu-

Chest X-Ray Heaf-Pos. 100 T.U.- Neg. lin Total
Pos. 1,000 T.U.- Negative

Pos.

Miliary mouling .. 2 (1) 1 2 (1) 5 (2)
Enlarged medlsinal

glands .. .. 3 (2) 7 (2) I 2 13 (4)
Segmenta1lesions*.. 3 (2) 1 (1) 2 (2) 6 (5)
Widespread broncho-
pneumonia' .. 2 (1) 4 (3) 1 3 (3) 10 (7)

Perihilar infiltration* 1 (1) 3 (1) 1 7 (5) 12 (7)
Pleural effusion .. 2 (1) 2 (1)
No significant abnor-

mality .. .. 1(1) 2 (2) 3 (3)

Total . .. 11 (7) 18 (8) 4 (1) 18 (13) 51(29)

The filures in parentheses refcr to the number in each group in whom M.
tuberculoss wvas isolated.

* See text for definition.

or paratracheal glands, or perihilar infiltration. Six of the
children had segmental lesions; these showed the radiographic
appearance of either collapse or consolidation involving indi-
vidual segments or lobes. The description " widespread
bronchopneumonia" refers to the appearance of patchy opaci-
ties throughout the lung fields, larger than those seen in miliary
infections. The term " infiltration " is used to describe areas
of loss of translucency, which were commonly seen around the
hilum and did not amount to bronchopneumonia or to seg-
mental lesions. The number of bacteriologically proved cases
in each group is also shown in Table II.
Myeobacterium tuberculosis was isolated from the laryngeal

swab or gastric washing in 29 (57%) of the patients. Of the
51 children 18 were tuberculin-negative, even when 100 and
1,000 units intradermally were used. M. tuberculosis was iso-
lated in 13 of the tuberculin-negative children.
During the period under review a further 103 patients with

tuberculosis were admitted to the children's wards (Table I).
These patients were not suffering from malnutrition; their age
distribution is compared with that of the 51 malnourished
patients in Table III.

TABLE III.-Age Distribution of Children with Tuberculosis

Age in Years: 0- 1- 2- 3- 5-| 6- 7- 8- 1 9-I 10 Total

Malnourished (%) 9 21 8 6 2 3 2 51
Not nalnourished 16 17 16 14 6 7 11 8 1 3 4 103

A positive Heaf test, grade II-IV, was a feature of all the
103 children with no malnutrition, 32% of whom were under
the age of 2. The relation between tuberculin sensitivity and
age in the malnourished children is given in Table IV. Thirty
(60%) of the children with malnutrition were under the age

of 2, and 40% of these were tuberculin-negative. Among the
21 children aged 2 to 6 years, 6 (28.5%) were tuberculin-
negative. Thus, although there was a higher percentage of

TABLE IV.-Relation between Tuberculin Sensitivity and Age in 51

Children with Malnutrition

Age in Years: 0 1 2 3 4 5 6 Total

Tuberculin-negative .. 4 8 2 1 0 1 2 18

Heaf-negative
100T.U.-negative .. .. 1 2 1 4
1,000 T.U.-positive .._l
Heaf-negative
100T.U.-positive . 2 8 3 2 1 2 18

Heaf-positive . 2 3 3 2 1 11

Total. 9 21 8 6 2 3 2 51

tuberculin-negative children in the younger age group, tuber-
culin sensitivity was suppressed in malnourished children at
all ages.

The radiological and bacteriological investigations on 77
children admitted to the M.R.C. Infantile Malnutrition Research
Unit revealed 13 children with tuberculosis. All 13 had nega-
tive Heaf tests, but reacted positively to 100 tuberculin units.
Eight of the 13 children had clinical kwashiorkor, with low
serum proteins, and five had clinical marasmus with normal
serum proteins. Tuberculin sensitivity appeared to be sup-
pressed in both groups, as judged by the negative Heaf tests.

Discussion

Tuberculin Sensitivity

Heaf (1951) described a multiple-puncture tuberculin test
with a solution of purified protein derivative. The Heaf test
is simpler to perform than the intradermal test, and less painful
for the child, but the results are not as accurate as the Mantoux
test (Miller et al., 1963). Grounds (1962) reported a com-
parison of tuberculin testing by the Mantoux method and the
Heaf method in Kenya. The results of the two tests, with

10 T.U. for the Mantoux test, showed a close correlation from
72 hours to seven days.

In patients suspected of having diminished sensitivity it is
preferable to use a larger dose of tuberculin, which is not

feasible when employing the multiple-puncture method. Satge
et al. (1965) used B.C.G. vaccine intradermally as a test for

tuberculosis in children with malnutrition, and found this to be
more sensitive than 20 tuberculin units.

In the present study the Heaf test was negative in 80% of
the tuberculous patients admitted to hospital, and is of doubtful
value as a diagnostic tool in children with malnutrition. Brown
(1965) and Harland and Brown (1965) investigated the tuber-
culin sensitivity after B.C.G. vaccination in children whose
only sign of malnutrition was growth failure. They found
that the size of the Mantoux induration after B.C.G. was

significantly less in the children with growth failure than in
the general population. A stronger dose of tuberculin improved
the response of the undernourished children. It was therefore
to be expected that children with frank kwashiorkor or
marasmus would show impairment of sensitivity when suffering
from tuberculosis, and this has been confirmed in the present
study. It has also been shown that a stronger dose of tuber-

culin is more likely to elicit a positive response. With 100 units

of old tuberculin (Mantoux 1 in 100), thus increasing the dose

of tuberculin tenfold, 18 of the Heaf-negative children were

found to be tuberculin-positive. It is unlikely that any of

these were false positives, because there was other evidence of
tuberculosis. By increasing the dose of tuberculin to 1,000
units of old tuberculin (Mantoux 1 in 10) a positive result was

obtained in only four more children. There were no severe

reactions from the stronger doses of tuberculin, and no indura-

tion greater than 20 mm. was recorded.

Alternative Methods of Diagnosis

Bacteriological examination of sputum, obtained from

laryngeal swabs or gastric washings, is of considerable value in

proving the diagnosis of tuberculosis. It has been shown that

laryngeal swabs are more effective than gastric washings in

yielding positive cultures (Lloyd, 1968). Unfortunately, the

direct smear is seldom positive, so that there is a delay of four

to six weeks before confirmation of a positive culture. In the

present study 29 patients had M. tuberculosis in the sputum,
including 13 who were tuberculin-negative even to the high
dose of tuberculin.
Because of the delay in obtaining results of culture, a thera-

peutic trial of antituberculous drugs may be indicated in mal-

nourished children, especially when they have failed to improve

despite a course of penicillin or broad-spectrum antibiotics.

Burrsgs
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X-ray films are of most help in the diagnosis of tuberculosis
when they show clear-cut evidence of miliary mottling or gross
enlargement of hilar or paratracheal nodes. Perihilar inflam-
matory changes are sometimes reported, and may be similar to
those seen in acute bacterial infections or in measles, so that
the significance of a single x-ray film is often doubtful. If
x-ray examinations can be repeated after a trial of antibiotics
their value is considerably enhanced. In the present study
x-ray films were diagnostic of tuberculosis in 50% of the
patients. In 16 of the tuberculin-negative children the radio-
logical features alone were thought to justify antituberculous
treatment.

This work was supported by a grant from the East African
Medical Research Council. I am indebted to Mr. J. K. Clancey,
M.R.C. Bacteriologist, and to his department for undertaking the
bacteriological investigations. I am grateful to the paediatricians at

Mulago Hospital for permission to investigate patients with mal-
nutrition under their care, and to Professor R. A. McCance, of the
M.R.C. Infantile Malnutrition Research Unit, for his advice and
help in the preparation of this paper.
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Double-blind Controlled Trial of a Micronized Preparation of
Flumedroxone (Demigran) in Prophylaxis of Migraine

W. G. BRADLEY,* M.A., B.M., B.SC., M.R.C.P.; P. HUDGSONt M.B., M.R.A.C.P.; J B. FOSTER4 M.B., M.R.C.P.
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iumeary: A double-blind cross-over trial of a
micronized preparation of flumedroxone, an oral

progestogen derivative, and a placebo was undertaken to
determine whether this drug had prophylactic value in
migraine. No benefit was found in males, or in females
with no history of menstrual exacerbation of migraine.
In women whose migraine was worse around the time of
menstruation flumedroxone resulted in statistically fewer
headaches of less severity.
With the dose used in this trial (micronized flume-

droxone 10 mg. t.des.) side-effects were frequent, the
commonest being polymenorrhagia, which occurred in
half the women of reproductive age.

Introduction

In an earlier controlled trial performed at this centre (Hudgson
et al., 1967a) it was shown that methysergide 1 mg. t.d.s. pro-
duced a significantly greater reduction in the frequency of
migrainous headaches than did flumedroxone 5 mg. t.d.s. The
latter is a modified oral progestogen, and was claimed to have
no progestational or metabolic effects on the human (Sorensen,
1964). Methysergide had previously been shown to be an
effective prophylactic against migraine (Southwell et al., 1964;
Whewell, 1966). However, methysergide is well known to
cause retroperitoneal fibrosis (Schwartz et al., 1966), particu-
larly when taken for long periods at high dosage, as well as
unpleasant though insignificant side-effects, including nausea,
vomiting, and giddiness, in some patients. Moreover, recent
experience strongly suggests that methysergide can also cause
acute myocardial infarction (Hudgson et al., 1967b, 1967c).

In view of these dangers methysergide must be used with
great caution in the prophylaxis of such a benign and chronic
condition as migraine, and it was decided to look again at the
effectiveness of flumedroxone, this time comparing it with a
placebo. In the meantime- a micronized preparation of
flumedroxone has been developed which increases absorption
about fifteenfold compared with the previous product tested
by us. In addition, double the dose of flumedroxone was used
in the present trial (10 mg. t.d.s.), so that the effective absorbed
dose was increased about thirtyfold compared with the previous
trial. It was anticipated that polymenorrhagia-that is, exces-
sively frequent and excessively heavy menstrual periods-
encountered in a third of the women of reproductive age in
our previous study, and also reported by Lundberg (1965),
might be a limiting factor in the usefulness of this drug.
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Material and Methods

Forty-eight patients suffering more than one typical migrain-
ous headache a month requested therapy to reduce the frequency
of their headaches. Fifteen were men and 33 women. One
man failed to attend after the first interview, having been given
the active drug for the first month; four women similarly
failed to come more than once, all having been given placebo
for the first month. Two additional women failed to complete
the trial, one having had the active drug for three months and
the placebo for two months and the other three months with
the placebo and one month with the active preparation. Two
women had to be withdrawn because of severe side-effects (see
below).
Thus 14 men and 25 women completed the trial. Eighteen

women gave a history of migrainous headaches which were
more frequent around the time of menstruation, and these and
the remaining seven women with no such history have been
analysed separately. Most of the patients were under 40 years,
1 The placebo contained maize starch, lactose, talc, magnesium stearate,

gelatin, and sorbitol.
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