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Early Diagnosis of Leprosy by Study of the Sweat
Response to Jontophoresis with Parasympathomimetics

V. MARTINEZ DOMINGUEZ'

The final aim of any leprosy control campaign is the eradication of the disease, or at
least its reduction to a point where it no longer constitutes a major public health problem.
The only possible ways of achieving this end are, firstly, through intensive case-finding and,
secondly, through mass treatment.

For obvious reasons diagnosis must be made at the earliest possible moment, which is
not always easy by ordinary methods. Thus any technique to improve early diagnosis
deserves full study. Observation of the sweat response to iontophoresis using parasympatho-
mimetic drugs seems an easy and objective method ofdetecting leprosy skin lesions; it may
therefore constitute a valuable stepforward in the improvement ofleprosy control.

The early diagnosis of leprosy is of great impor-
tance both to the individual patient and to mass
control campaigns. Patients diagnosed in the first
stages of the disease, when the peripheral nervous
system is hardly if at all affected, can be cured by
means of suitable treatment in a relatively short time
without any sequelae which will incapacitate or
disfigure them for life. The great advantages for the
community of early diagnosis are obvious:

(1) The risk of infection is decreased, since the
patients are prevented from reaching the infective
stage.

(2) There is a saving on drugs, owing to the
shorter period of treatment.

(3) Hospitalization costs are reduced, since the
patient can carry on his normal life during treatment.

(4) The burden imposed on the community by
physical disability and reduced hours of work is
lessened, rehabilitation of the patient being complete
from the point of view of working capacity.
However, the early diagnosis of leprosy by

clinical examination alone is often very difficult, if
not impossible, even for the most experienced
leprologist. In tropical regions where leprosy is
highly endemic, skin diseases or cutaneous symptoms
of other diseases-for example, macular yaws,
certain forms of dermomycosis, streptodermas, and
hypopigmentation attributable to various causes-
are very frequent and their differentiation from the

I Team Leader, WHO Leprosy Advisory Team.

early lesions of leprosy is extremely difficult.
Furthermore, exploration of cutaneous sensitivity is
frequently troublesome in children and uncooper-
ative persons, and the fear of examination or
diagnosis in many subjects causes emotional inhibi-
tions which produce vague and contradictory
responses, so that the results of sensitivity tests are
often very doubtful. It is readily understandable,
therefore, that leprologists and dermatologists are
eager to find practical and objective methods of
cutaneous examination which would make it pos-
sible to establish a differential diagnosis between the
initial macular lesions of leprosy and other similar
lesions.
Of these methods, one which is already classic and

well known is Lewis's triad, or the triple cutaneous
response to histamine (circumscribed erythema,
reflex erythema and papules), applied by Pierini
(1931) and Rodriguez & Plantilla (1931) to the diag-
nosis of leprosy. The practical usefulness of this
test is considerably limited by the fact that its correct
interpretation is dependent upon observation of the
reflex erythema provoked by histamine in the normal
skin, and this cannot be perceived in dark-skinned
persons. The technique is therefore inapplicable in
most countries where the disease is highly endemic-
for example, all the African countries and a large
part of Asia.

Disturbances of sweat secretion in the area of
leprotic maculae has always been a commonly
observed symptom. In fact, anhidrosis is the logical
consequence of the atrophy of the sweat glands or of
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FIG. I
IONTOPHORESIS
APPARATUS

A milliameter
B potentiometer regulato

and switch
C active electrode
D passive electrode

the early destruction of their nerve fibres. This is the
basis of the pilocarpine test for the study of sweat
secretion, suggested by Dubois & Degotte in 1938
for the early diagnosis of leprotic maculae. The
reading of the test consists simply in the direct
observation, or observation through a lens, of the
sweat secretion following intradermal injection of a
pilocarpine solution in the suspect area. This
observation is not always easy and the results are
often inconclusive. To make the reading of the test
easier and more objective, various modifications of
the original technique have been suggested, such as
painting the skin after the intradermal injection with
a solution of potassium iodide and then covering it
with a thin layer of starch paste. The iodide dis-
solved in the perspiration combines with the starch,
forming starch iodide, which is blue in colour; thus,
sweat secretion is shown by a blue stippling over the
white layer of starch paste. This technique, in addi-
tion to being rather complicated, did not give very
satisfactory results.

In a verbal communication to the 7th International
Congress of Leprology (Tokyo, 1958), Professor
J. Gay Prieto was the first to make known a new

technique for the study of sweat secretion as applied
to the early diagnosis of leprosy, based on ionto-
phoresis with. pilocarpine or acetylcholine and the
reading of the response by means of the application
of a paper impregnated with Prussian blue or
bromophenol. A detailed account of this technique,
as well as of a special iontophoresis apparatus for
its application, was given by Brun, Gay Prieto &
Jadassohn (1959).

IONTOPHORESIS APPARATUS

The apparatus (Fig. 1) consists of an aluminium
box containing:

(1) A continuous current generator (Leclanche
BlOl 67.5-volt battery; this is the standard type for
many portable radio sets and is easy to obtain
anywhere).

(2) A milliameter (A) reading from 0 to 4 mA.
(3) A 20-ohm potentiometer with switch (B).
The active electrode (C) ends in a plastic cap some

4 cm in diameter, at the bottom of which the con-
ducting wire is soldered to a lead disk.
The passive electrode (D) consists of a wooden
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cylinder about 8 cm in length and 2 cm in diameter
surrounded by a thin sheet of lead, to which the
end of the conducting wire is soldered; the whole is
wrapped in a few layers of gauze.
The test paper is prepared by soaking chromoto-

graphy or filter paper (e.g., Whatman No. 2) in a
10% solution of bromophenol blue in anhydrous
ether. The paper thus prepared is yellow in colour,
turning dark blue in the presence of water. The
solvent is allowed to evaporate in a very dry and
well-ventilated room, and the paper is cut into
squares 4 cm x 4 cm and kept in hermetically sealed
metal boxes in which a small amount of some
dehydrating agent is placed.

TECHNIQUE OF THE TEST

In the plastic cap at the end of the active electrode
is placed a piece of cotton wool soaked in a solution
of the parasympathomimetic employed (we used
0.1-g ampoules of acetylcholine). The passive
electrode is soaked in physiological saline.
The patient holds the passive electrode firmly in the

hand while the cap of the active electrode is placed on
the skin area to be explored, so that if the macula or
skin lesion is small, it is completely covered by the
end of the cap; if the macula or lesion is large,
it is advisable to place the cap on the edge of the
macula so that both normal and suspect skin areas
are explored and the results of the test in both sites
can be compared.
Once the electrodes are in position, the apparatus

is switched on and the potentiometer adjusted to
allow a current of 2 mA to pass for two minutes.
When pilocarpine is employed to induce sweating
it is necessary to wait 10-15 minutes before applying
the test paper; with acetylcholine, on the other hand,
the paper may be applied one minute after ionto-
phoresis.

Before applying the test paper, the skin is carefully
dried with a piece of cotton wool. The paper is then
placed in position and held firmly in contact with the
skin for a half to one minute by means of a small
plastic plate provided with the apparatus. The
results of the test can then be read immediately.
When sweating is normal, as in the case of healthy

skin or non-leprotic maculae, a circular area of
dark-blue points can be seen on the yellow back-
ground of the bromophenol paper. These points are
regularly distributed and correspond to the openings
of the sweat glands in the skin area covered by the
cap of the electrode. This is regarded as a negative
test (Fig. 2).

FIG. 2
SWEAT RESPONSE OF CONGENITAL HYPOCHROMIC

NAEVUS RESEMBLING LEPROTIC MACULA

Negative response, normal sweating. Note the abundant and
uniformly distributed dark stippling.

FIG. 3
SWEAT RESPONSE OF EARLY TUBERCULOID LESION

Positive response, total anhidrosis. The central area, without
stippling, corresponds to the lesion * the circle of dark stippling
corresponds to the surrounding healthy skin with a normal

sweat response.
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FIG. 4
SWEAT RESPONSE OF TUBERCULOID PLAQUE

The results of the test in relation to clinical form
were as follows:

Tuberculoid (37 cases)
Anhidrosis (positive test)
Hypohidrosis (doubtful test) .

Normal hidrosis (negative test) .

Indeterminate (8 cases)
Anhidrosis (positive test)
Hypohidrosis (doubtful test) .

Normal hidrosis (negative test) .

Positive response, total anhidrosis. The upper area, without
stippling, corresponds to the lesion the lower area, with
stippling, corresponds to the healthy skin with a normal sweat

response.

When there is some abnormality in sweat secretion
(positive test), the dark points are irregularly distri-
buted and much less frequent, or even completely
absent in the affected area in the case of total
anhidrosis (Fig. 3 and 4).

EXPERIMENTS

We used iontophoresis, in accordance with the
technique described above, for the early diagnosis pf
suspect lesions during a survey carried out by our
team in the Province of Katsina, Northern Region
of Nigeria.

In all, we performed more than 200 iontophoresis
tests on lesions suspected to be leprous. We must
state at the outset that in some-although very few-
cases the sweat response to iontophoresis with acetyl-
choline was very poor over the whole skin area,
probably as a result of some general organic dis-
turbance inhibiting sweat secretion.
Of all the patients studied, 45 with unmistakable

leprotic lesions were selected, the majority in the
initial stage, for examination of their response to
iontophoresis with acetylcholine. The results of the
test in these 45 patients were as follows:

Anhidrosis (positive test) . . . . . . . 34 (75.6%)
Hypohidrosis (doubtful test) . . . . . 6 (13.3 %.)
Normal hidrosis (negative test) . . . . . 5 (11.1 %)

. . 30 (81%)
* . . . 3 (8.1%/)
* . . 4 (10.8%)

* . 4 (50%/o)
*

. .
. 3 (37.50/
. 1 (12.5%o)

DISCUSSION

From an analysis of the results obtained in the
Katsina experiment, the following facts emerge:

(1) In approximately 90% of the initial macular
lesions of leprosy there is total or partial anhidrosis,
which can be detected objectively by means of
iontophoresis with acetylcholine; when anhidrosis
is total the result of the test with bromophenol paper
is absolutely clear and conclusive.

(2) In some subjects, the sweat response to
iontophoresis with acetylcholine is very poor. It is
possible that the cause of this is a deficiency of
electrolytes, a condition which is relatively frequent
in tropical Africa. In these cases detection of hypo-
hidrosis in suspect lesions is, of course, valueless for
leprosy diagnosis. Consequently it is advisable, in
the event of doubtful results, to carry out various
tests on healthy and diseased skin, preferably in
symmetrically sited parts of the body, so as to detect
any difference in the responses and determine
whether there is any general disturbance in sweat
secretion.

(3) In approximately 10% of leprotic maculae, no
disturbance in sweat secretion can be detected by
means of iontophoresis with acetylcholine.

(4) It would appear that anhidrosis is more fre-
quent and accentuated in tuberculoid lesions than in
indeterminate lesions. It would be interesting to
make a more thorough study of this question with a
view to the possible use of the iontophoresis test as
a means of differentiating between the two clinical
forms.

The results of our experiment in Katsina seem to
show that the anhidrosis test using iontophoresis
with acetylcholine is an excellent auxiliary method
for the diagnosis of early leprosy lesions. Its prin-
cipal advantages are:
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(1) The simplicity of the technique renders it
suitable for use by auxiliary personnel.

(2) Previous sterilization of the equipment is
unnecessary, so that the method is very suitable for
work in the field during mass campaigns.

(3) lontophoresis is much better accepted by

patients, particularly children, than intradermal
injection.

(4) The reading of the test is completely objective.
This experiment was not, however, sufficiently

extensive and a detailed study of a more numerous
and varied group of patients will be necessary
before final conclusions can be drawn.

RESUME

Dans la lutte contre la lepre, la precocite du diagnostic
en permettant de depister les sujet contagieux et de les
soumettre au traitement approprie, est une condition
essentielle de succes. Or, ce resultat n'est pas toujours
obtenu sans peine par le simple examen clinique, tandis
que les methodes classiques d'exploration de la physio-
logie cutan&e au moyen d'epreuves a la pilocarpine et a
l'histamine sont d'une technique compliquee; en outre,
la difficulte d'interpreter correctement les resultats chez
certains sujets diminue l'interet de ces methodes.
Au VIle Congres international de la Lepre, le profes-

seur Gay Prieto a propose une technique nouvelle qui
utilise la reponse sudorale a l'ionophorese de substances
parasympathomimetiques. Le present article decrit en
detail l'appareil et son mode d'emploi, ainsi que la ma-
niere de lire les resultats. Quelques cliches montrent des
reponses typiques obtenues en peau saine et au niveau
de lesions lepreuses.
Au cours de l'enquete effectu6e dans la province de

Katsina (Nigeria du Nord) par l'equipe consultative en
leprologie de 1'OMS, l'auteur a recouru a l'acetylcholine
pour sa technique par ionophorese. L'etude a porte sur
les reponses de 45 lesions cutanees recentes choisies parmi
quelque 200 resultats d'epreuves.
Dans 40 cas sur 45 (88,9 %), la sudation etait modifiee.

Cependant, chez quelques sujets, la production de sueur
consecutive 'a l'ionophorese d'acetylcholine est tres peu
marquee, en raison peut-etre d'une atteinte organique
du processus physiologique de la sudation: l'epreuve est

alors depourvue de toute valeur diagnostique. En cas de
reponse douteuse, il est donc conseille d'executer
1'epreuve a plusieurs reprises, en peau saine et en peau
modifiee, afin de deceler une eventuelle alteration de la
fonction sudorale qui serait d'ordre general.
Une anhidrose totale se rencontre plus souvent dans

la forme tuberculoide (81 %) que dans la forme indeter-
minee de l'affection.
Dans 5 cas sur 45 (11,1 %), l'epreuve de sudation pro-

voquee par ionophorese n'a fait apparaitre aucune modi-
fication de la reponse au niveau des lesions de la lepre
maculeuse.
En conclusion, ces experiences semblent prouver que

e'epreuve utilisant l'ionophorese d'acetylcholine constitue
une excellente m6thode d'appoint pour le diagnostic
precoce de la lepre. Au nombre de ses avantages, on
peut citer sa facilite d'emploi par un personnel para-
medical et le fait qu'il n'est pas necessaire de proceder
a la sterilisation prealable du materiel, ce qui est d'un
grand interet pratique dans les conditions d'application
sur le terrain au cours des campagnes de depistage
systematique. Mieux acceptee des malades, et surtout des
enfants, que les injections intradermiques, elle donne des
resultats qui ne laissent pas une marge d'interpretation
personnelle excessive.
Neanmoins, pour etre definitives, ces conclusions de-

mandent a etre verifiees au cours d'essais effectues sur
une plus vaste echelle et dans des conditions plus
variees.
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