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Comparative titration of the skin sensitivity was therefore
attempted with serial threefold dilutions of each extract by the
prick method on the skin of the back. The results are shown
in Table II, but do not really express to the full the dramatic
and specific nature of the reactions.

TABLE II.-Comparative Skin-test Titrations in 27 House-dust-sensitive
Patients
i- , Numbers Positive down to

'Undiluted each dilution.Extracts used for Prick Test / - .
Negative !1/| 1/3 1/9 1/27 |I81

D. culinae 1,500P.N.U. 2 3 4 12 4 2D. culinae0-%Wv .. 2 4 12 8 1 -
D. pteronyssinus 0.l% w/v 3 1 12 10 1 -G. destructorO*1% w/v.. ... 15 2 4 2 1 3G. domesticus 1,500 P.N.U. 8 8 8 3 . -House dust (Dome) 10,000 P.N.U. - 5 14 7 1l-

Examination of Dust from Patients' Homes

Ninety-five samples of dust from patients' homes were
examined for the presence of mites. With a flotation method
21 samples were found to contain mites. Sixty-four.of the 95
samples were also examined with the lactic acid method
described by Spieksma (1967) and mites were found in 44 of
these. Twenty-one were identified as Dermatophagoides
species, six as Glycyphagus species.
A man aged 28, dependent on corticosteroids for 10 years,

in whom all attempts to determine the cause of his asthma had
been unsuccessful, was found to have intense reactions to
D. culinae, D. pteronyssinus, and G. destructor. His home,
built only five years ago and centrally heated, had no furniture
older than the house, but with the help of Mr. A. M.
Cunnington of the Pest Infestation Laboratory it was found
to be heavily infested with D. pteronyssinus and G. destructor.
A dust specimen from his mattress yielded a count of no fewer
than 2,270 D. pteronyssinus per gramme of dust, yet the house
was apparently immaculate.

Discussion

These results show that extracts of D. culinae are very active
in skin-testing of house-dust-sensitive patients, there being
almost complete correlation with extracts of D. pteronyssinus.
It is apparent that members of the genus Glycyphagus may
also be important in sensitizing susceptible individuals, and it
is not improbable that other varieties of mite inhabiting house
dust may also be found important.
The development of these testing extracts, with particular

reference to D. culinae, represents a significant diagnostic
advance. A review of the 132 cases tested showed that in 92
of them allergy to house dust had not been seriously considered
as an important allergen. In many patients the picture was
confused by multiple sensitivities, and the skin test to dust
extract was rather unimpressive but very striking to mite
extracts. In almost half the cases there was no history to
suggest house-dust sensitivity, especially in children, but nasal
provocation tests were all positive.

Perhaps the most important contribution is that these testing
materials have led to the successful hyposensitization of patients
with house-dust allergens, and some patients no longer require
steroid therapy after being dependent for years (Brown, 1968).

For their invaluable assistance in making this investigation pos-
sible, we wish to thank Dr. J. G. Feinberg, D.V.M. Director of
Research, who supplied the mite extracts; Mrs. Christine Hill, who
examined the dust samples and prepared the extracts of mites-of
Dome Laboratories, Stoke Poges; and Mr. A. M. Cunnington,
of the Pest Infestation Laboratory, Slough, who subjected some
samples of dust to intensive analysis.
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ummary: Investigation of nine patients with tropical
ataxic neuropathy showed an absence or diminution

of sulphur-containing amino-acids-cysteine and methio-
nine-and a variable concentration of most other essential
amino-acids. The pattern was unlike that found in
kwashiorkor. The levels of serum cholesterol and total
protein were normal, and the serum vitamin Bta levels
were normal or high. Plasma thiocyanate concentration
was high.

All the patients gave a history of a monotonous diet of
cassava derivatives. Cassava contains a cyanogenetic
glycoside (linamarin) from which cyanide is released on
hydrolysis. The excessive cyanide detoxication may be
responsible for the low concentration of the sulphur-
containing amino-acids.

Department of Psychiatry and Neurology, University College Hospital,Ibadan.
t Department of Chemical Pathology, University College Hospital,Ibadan.
t M.R.C. Clinical Genetics Research Unit, Institute of Neurology,Queen's Square, London W.C.l.

Introduction
A chronic degenerative neuropathy, known as tropical or
nutritional ataxic neuropathy (Money, 1959; Moore, 1966;
Osuntokun, 1968), is common in Southern Nigeria in areas
where the staple diet consists of cassava or its derivatives.
Cassava is the tuber of manioc, a shrub introduced from South
America early this century and widely grown since then as a
heavy biannual crop because of its ease of cultivation. The
Jamaican neuropathy extensively documented by Montgomery
et d. (1964) is similar in certain respects to the Nigerian disease,
but differs in some significant details (Monekosso, 1962). An
acute retrobulbar neuritis developing in West African school-
children may represent an ingravescent form of this condition,
which is usually found in adults.
Moore (1930, 1932, 1933a, 1933b), who first described the

visual disorders in children, thought it might be related to
riboflavine deficiency and emphasized the accompanying angular
stomatitis, glossitis, facioscrotal seborrhoea, and dermatitis. He
also observed that these disappeared when the visual acuity
improved after treatment with Marmite, which is rich in ribo-
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Tropical Ataxic Neuropathy-Osuntokun et al.

flavine. Moore (1934a, 1934b, 1937) later attributed the disease
to the high dietary consumption of cassava derivatives. Clark
(1935) included retrobulbar neuritis as one of the accompani-
ments of pellagra in Southern Nigeria, and not only related its
occurrence to the consumption of cassava but also insisted that
cyanide or a cyanogen was the toxic agent responsible, and
advanced experimental support for this hypothesis. Without
quoting the exact concentration he observed that there was a

raised thiocyanate level in the saliva and urine of these patients.
Cyanide is produced when a cyanogenetic glycoside

(linamarin) present in variable amounts in the dietary derivative
of cassava is hydrolysed by linase or by acid. Monekosso and
Wilson (1966) and Osuntokun (1968) found high plasma thio-
cyanate levels in patients suffering from the ataxic neuropathy
and concluded that this represented detoxicated cyanide. The
levels fell when the patients were kept in hospital on a cassava-

free diet (Osuntokun, 1968). Epidemiological studies have
shown that a high cassava consumption is directly related to

the prevalence of degenerative neurological diseases in this area

(Monekosso et al., 1968).
Cyanide is mainly detoxicated by conversion to thiocyanate.

This occurs by two routes. It reacts enzymatically with both
3-mercaptopyruvate, which is derived from cysteine, and with
thiosulphate, derived from 3-mercaptopyruvate as shown below:

3-mercaptopyruvate +CN- --SCN- + pyruvate
sulphur transferase

S ,O--+CN- - SO +SCN-
rhodanese

Cyanide may also react with cystine to yield 2-aminothiazoline-
4-carboxylic acid and cysteine. Thus the sulphur-containing
amino-acids cysteine and cystine (dicysteine), may both ulti-
mately be involved in cyanide detoxication, and because of this
we have looked for quantitative as well as qualitative changes
in the plasma amino-acids of patients with ataxic neuropathy.
This is a preliminary account of our findings.

Materials and Methods

Nine patients suffering from the nutritional ataxic neuro-

pathy form the subjects of the study. Twenty-five healthy
controls for determination of fasting plasma amino-acids came
from hospital doctors and laboratory technicians. Heparinized
blood samples were obtained from the fasting patients within
24 hours of admission to University College Hospital, Ibadan.
Twenty-four-hour urine collections were obtained within 48
hours of admission, and aliquots were examined chromato-
graphically on Whatman No. 1 paper.

Total serum proteins were determined by the biuret method
of Gornall et at. (1949). The protein fractions were determined
by quantitative paper electrophoresis. Free amino-acids of
plasma were determined by the method of Moore et al. (1958),
a Beckman automatic amino-acid analyser being used. The
plasma was ultrafiltered at 4' C. (pressure 100 lb./in.; 7 kg./
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sq. cm.) and 2 ml. of the ultrafiltration used for analysis in the

150-cm. column. The 50-cm. column was not used, hence the
basic amino-acids were not analysed. Two-dimensional paper

chromatography of urine was carried out with butanol-pyridine-
water followed by phenol-ammonia-water (Smith, 1960). Serum
cholesterol was determined by the method of Searcy and
Bergquist (1960), plasma thiocyanate by the method of Aldridge
(1945) on deproteinized samples (Wilson, 1965), and vitamin
B,2 by microbiological assay on divided samples with and with-
out added cyanide as described by Matthews (1962). Haemo-
globin was estimated by conversion to cyanmethaemoglobin.

Results

The nine patients with the nutritional ataxic neuropathy
consist of four females and five males aged between 19 and
61 years. They all had lived on a monotonous diet of cassava

derivatives eaten three times a day. The duration of illness
ranged between three months and five years by the time they
were first seen. The clinical features were as previously
described (Osuntokun, 1968). These consisted of bilateral
primary optic atrophy; bilateral perceptive deafness with
characteristic loss of hearing in low and high frequencies at
audiometry ; posterior column sensory loss in lower limbs, often
with absent tendon reflexes ; sensory ataxia in lower limbs ; and
a characteristic high steppage gait. In three patients, in addi-
tion to these, there were also present symmetrical wasting and
weakness of muscles of lower limbs below the knees, bilateral
foot-drop, superficial sensory loss in lower limbs, and in one

of the three also in the upper limbs. Five of the patients had
stomatoglossitis.

Table I shows the levels of haemoglobin, albumin, globulin,
plasma thiocyanate, serum cholesterol, and serum vitamin B,.
The plasma thiocyanate levels in this laboratory in 22 hospital
workers who eat very little or no cassava and are non-smokers
is 1.6±0.88 jtm./100 ml., and in 52 patients with the ataxic
neuropathy is 8.5 ± 2.6 (Osuntokun, 1968).
Table II shows the result of the plasma amino-acid deter-

minations. Since this technique does not distinguish between

TABLE I.-Laboratory Findings in the Nine Patients with Atxic
Neuropathy

- Serum B12 (ag.(ml)

J 1 AX led OH1 U

1 13-0 3 6 4 8 140 7-5 3,250) 2,125 65-4%
2 11 0 2-8 6-6 159 11 0 825 '585 70 9%
3 15 2 3-4 4-2 Ito 9-6 1,100 825 75a
4 12-3 2-9 4-3 102 6-4 1,000 750 75%
5 12-0 3-2 3-4 120 9.0 370 350 94 6a
6 10-7 3.1 5-2 121 8-8 525 250 47:7
7 138 3-3 4-6 140 12-0 780 550 7065-4%
8 13-0 3-5 369 124 16-0 675 475 70-49
9 1530 3-7 3.8 132 14-0 500 475 95%

TABLE II.-Plasma Amino-acid Levels (mg.O100 ml.) in Nine Patients Suffering from Nutritional
the Department of Neurology, University College Hospital, Ibadan

Ataxic Neuropathy Seen in

Tyros- |butyuic |L eucine L <+tMeti Vaine Alanine Glycine Glu Threon- Aspartic TaurineAN-Ih Hal2-45 amic Proline Serne ine Acidmc Aliucine ionime Cysadne Acid

~ ~ ~ ~ ~ ~ ~ ~ ~~73I~7- = -= - .-- -.- I.l1 U-',11.1A WA
0-60
0-41
0-40
1-00

0-30
0-46
1-08
0-9
0f81

Trace
Trace
0-24
0-18
Trace
Trace
0-2
Trace
Trace

1-63
1-23
0-84
0-474
1-14
0-01
0-19
0-42
0l-R

9-37
0-73
Nil
0-19
0-54
0-06
0-71
0-39
Nil

0-21

0-74
Nil
Nil
0-87
0-14
0-41
Nil
Nil

Nil
Trace
0-36
Nil
Nil

Nil

Nil

0-74
0-73

1-74
1-04
0-42
Trace
4-4
0-94
0-22
Trace
Trace

3-71
4-38
1-04
0-166
4-3
1-68
Trace
1-32
1-68

2-38
2-53
0-91
0-188
2-41
1-31
0-24
0-88
0-69

6-70
3-1
Trace
0-279
0-25
0-40

0-63
1-33
1-57

1-67
1-73
1-012
1-75
0-18
2-49
1-90
0-23

1-86

0-64
1-101
0-23
0-77
0-14
1-02
0-46

233
1-44

0-29
1-07
1-14
0-82
0-99
Trace
Trace

1.20
1-14
0-04
0-12
0-15
0-32
0-78
0-80
0-53

U145
0-57
045
0-50

0-53
0-38
0-43
0-42
Nil
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wluo V-04aSo~ al - - ____- *I
0-84 1-03 0-30 -69 089 0-43 1-18 2-88 3-4 1-5 070 2 36 1-12 1-39 0-03 0-55
0-11 ±0-27 0-1 ±0-4 1t0-3 ±0-04 1±0.1 ±0-58 +0-3 ±0-2 ±0-3 ±0-64 ±0-10 ±0-22 ±0-03 1 8
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cysteine and cystine it is not possible to differentiate further
the marked reduction in combined total cysteine and cystine in
most of these patients. Methionine, the other sulphur-contain-
ing amino-acid, also tends to be reduced. None of the patients
showed any abnormal amino-acid pattern in the urine.

Discussion
The finding of low concentrations of sulphur-containing

amino-acids in the plasma of patients with the ataxic neuro-
pathy suggests either a poor intake of sulphur-containing
proteins or a conditioned deficiency resulting from excessive
cyanide detoxication. Both factors probably operate. It may
be significant that it is the low-income groups in whom the
disease predominates. Such economically and nutritionally
deprived groups cannot afford an adequate protein intake,
subsisting predominantly on cassava. In this connexion it is
interesting to recall Moore's (1933b) interesting observation on
the distribution of the disease among schoolchildren in a board-
ing house, where the girls, who were unable to find supplements
to a predominantly cassava diet, suffered from retrobulbar
neuritis, while the boys, who had more freedom to go about
fishing, did not. Nevertheless, the normal concentration of
essential amino-acids such as leucine, isoleucine, threonine, and
phenylalanine in some of the patients when methionine and
cystine are either low in concentration or absent suggests that
the intake of first-class protein is not invariably inadequate,
and supports the possibility of a conditioned deficiency of
sulphur-containing amino-acids in some patients. It is note-
worthy that plasma alanine concentration is also low in six of
the patients, and this may be related to its utilization for
cysteine synthesis: alanine-=='cysteine.

Other changes in plasma amino levels are similar to those in
kwashiorkor, where protein intake is deficient and the essential
amino-acids are reduced more than the non-essential amino-
acids (Edozien et al., 1960). There are, however, significant
differences. In the ataxic neuropathy, as in the majority of
healthy individuals, tyrosine is present in greater amounts than
phenylalanine, whereas in kwashiorkor the tyrosine/phenyl-
alanine ratio is reversed. In the nutritional ataxic neuropathy
alanine is more abundant than glycine, but in kwashiorkor

patients the position is reversed (Edozien and Obasi, 1965).
Further speculation on the relation to kwashiorkor is not justi-
fied at present, but it is reasonable to suggest that cyanide
detoxication will be less efficient where concentrations of the
sulphur-containing substrates are reduced whatever the mechan-
ism of the reduction.
There is need to extend investigations (1) to people who are

free from the disease but whose diet consists mainly of cassava
derivatives, and (2) to patients with the ataxic neuropathy after
being kept on cassava-free and protein-rich diet.
These preliminary findings are encouraging enough to justify

a therapeutic trial in schoolchildren having the ingravescent
form of the disease and in patients with the fully developed
syndrome. The aim will be to try the effects of casein,
hydroxocobalamin, yeast, and possibly intravenous sulphur-
containing amino-acids in the prophylaxis and treatment of
nutritional retrobulbar neuritis and ataxic neuropathy as incon-
clusively instigated by Clark (1935).
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Study of Fatal Cases of Friedreich's Ataxia

RICHARD L. HEWER,* M.B., M.R.C.P.

Brit. med. :., 1968, 3, 649-652

S ummary: A study of 82 fatal cases of Friedreich's
ataxia showed that over half the patients died of heart

failure while nearly three-quarters had evidence of cardiac
dysfunction during life. A high incidence of diabetes
mellitus (23%) was another finding, and four patients
developed diabetic ketosis terminally.

Introduction
Though no effective treatment is available for Friedreich's
ataxia, it is nevertheless important to be able to give patients
and their relatives some information regarding the likely life
expectancy and the factors which influence this. Bell (1939)
reviewed 72 recessive cases taken from the literature and found
that the mean age of death was 26.46 years. She reviewed

100 cases of hereditary ataxia, also taken from the literature, in
which the cause of death was stated. Pneumonia and phthisis
were given as the cause of death in 59 of the 100 cases. So far
no individual study of a large number of fatal cases of
Friedreich's ataxia has ever been published.

It is now clear that the heart is often affected in Friedreich's
ataxia. Approximately 90% of patients show an abnormal
electrocardiogram (Thorin, 1964). Some patients with
Friedreich's ataxia are known to have died with terminal heart
failure (Boyer, Chisholm, and McKusick, 1962; Ivemark and
Thoren, 1964).

Several reports have been made of diabetes mellitus compli-
cating Friedreich's ataxia. Two recent studies give an
incidence varying between 18% (Thoren, 1962) and 8% (Hewer
and Robinson, 1968).
The present study was undertaken in order to try to ascertain

how long patients with Friedreich's ataxia live and what factors
* Senior Registrar, Department of Neurology, the Radcliffe Infirmary,

Oxford.
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