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Previously it was shown that mycobac-
teria were often isolated from cetylpyridin-
ium chloride forearm and hand washings of
healthy volunteers residing in Manaus,
Amazonas, Brazil ( 13). The search for my-
cobacteria contaminating or colonizing
healthy skin was performed to gather nec-
essary information for interpreting bacte-
riological data during investigations on the
causes of skin lesions suspected to be of
mycobacterial origin ( 12). In the course of
these early studies, biopsies of leprosy le-
sions were also cultured, and three strains
of the Mycobacterium avium complex
(MAC) were isolated from the 36 biopsies
examined ( 13). As a follow-up to these stud-
ies, we thought it of interest to examine the
occurrence of mycobacteria in the skin of
patients suffering from leprosy.

With the purpose of investigating the my-
cobacterial flora of the skin in leprosy pa-
tients, we selected the hands and fingers,
taking advantage of a report showing that
slit-skin smears from fingers (by the "scraped
incision method" ") yielded essentially the
same bacteriological results as smears from
earlobes or lesions. We thought that the ex-
tent of invasion of the underlying tissue by
M. leprae might affect the antibacterial
properties of the skin, and it should be use-
ful to know about it at the site selected for
cultural examinations. This approach also
allowed the evaluation of slit-skin smears
from the fingers for the diagnosis of leprosy.
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cepted for publication in revised form on 11 June 1991.
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MATERIALS AND METHODS
Patients. The 89 patients in this inves-

tigation included 38 tuberculoid (TT), 5
borderline tuberculoid (BT), 9 midborder-
line (BB), 7 borderline lepromatous (BL),
17 lepromatous (LL), and 13 indeterminate
(IND) leprosy cases. All were first-time cases,
none of whom had received treatment be-
fore the samples for bacteriology were col-
lected.

Acid-fast microscopy. The skin smears
were stained using the Kinyoun method, ex-
cept that decolorization was done using 1%
instead of 3% hydrochloric acid in ethanol,
as described earlier ( 2 . 14). The sites chosen
were the earlobes, elbows, and one or two
lesions. In the case of the hands, the ma-
terial was collected from the middle finger
of the left hand for smear and direct inoc-
ulation onto the surface of a LOwenstein-
Jensen (11) slant. Both hands were then
washed with 100 ml of a 0.05% cetylpyri-
dinium chloride solution as described ear-
lier ( 13). After washing, another smear was
prepared from the middle finger of the right
hand, and the scraped material was also in-
oculated onto the surface of a LJ slant.

For preparing the smears a No. 5 scalpel
(Becton, Dickinson & Co., Rutherford, New
Jersey, U.S.A.) was used to make a 5.0-mm
long and 2.3-mm deep incision over a fold
of skin pinched strongly using the left hand
of the operator as recommended ( 3 ' 6 ). The
incised skin was scraped with the scalpel,
and the material was smeared as indicated
above.

The stained smears were classified in re-
lation to the bacterial (BI) and morpholog-
ical (MI) indexes (10• IS ) which indicate the
bacterial load and the percentage of solid-
stained bacilli in the smears, respectively.

Culture procedures. The material ob-
tained from the finger scrapings was directly
inoculated onto the surface of LJ slants. The
left hand material was collected before hand
washings; the right hand material was col-
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THE FIGURE. Means ± standard deviations,of the bacterial (I31) and morphological (MI) indexes at various

sites with respect to the multibacillary forms of leprosy. LE = left ear, RE = right ear, LEI = left elbow, REI =
right elbow, LF = left finger, RF = right finger, L I = lesion 1, L, = lesion 2.
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lected after washing to verify if eventual iso-
lates were surface contaminants or were lo-
cated deep in the skin.

The cetylpyridinium chloride washings
were centrifuged, the sediments were treat-
ed by the method of LOwenstein (4% v/v
sulfuric acid), and were then inoculated onto
five LJ slants containing 0.5% pyruvate (LJ
Pyr) instead of glycerol and 1 LJ slant sup-
plemented with 1.5% ferric ammonium ci-
trate (LJ FAC). The cultures were incubated
at 30°C and 37°C as follows: at 30°C, 2 LJ
slants, 1 LJ Pyr slant, and 1 LJ FAC slant;
at 37°C, 3 LJ slants and 1 LJ Pyr slant. All
cultures were incubated for 2 months before
discarded as negative. The choices of media,
temperatures, and times of incubation were
chosen to meet the growth conditions of
some mycobacterial species, such as Al. bo-
ris, M. hemophilutn, M. marinum, and M.
chelonei.

Culture identification. The mycobacte-
rial isolates were shipped to Paris, and were

identified using conventional methods as
recommended by the Pasteur Institut, Paris
( I ).

RESULTS
BI and MI. The means and standard de-

viations of the BIs and MIs obtained from
the various sites according to the immu-
nopathological classification of the patients
are shown in Table 1. The data on the mul-
tibacillary forms (LL, BL and BB) are shown
graphically in The Figure. As expected, the
BIs were negative in BT and TT leprosy,
and increased regularly from BB to BL to
LL leprosy. Little variation was found
among the examined sites, but the MIs were
significantly higher in smears from the ear-
lobes in BL and LL cases. Therefore, we
concluded that a slit-skin smear from the
fingers was as satisfactory as smears from
other sites for diagnosing leprosy, but it was
less satisfactory for estimating the MI.
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Culture results. As shown in Table 2,
mycobacteria were cultured from scrapings
and hand washings from 16 patients (17.9%
of the patients). In two individuals (case
nos. 5 and 65) there was some evidence that
the cultured mycobacteria could have false-
positive smear results for leprosy because
microscopy examinations were negative in
all other sites and both cases were pauci-
bacillary (no. 5 classified IND; no. 65, BB).
The statistical analysis of the data showed
that these findings were not statistically sig-
nificant, and it was concluded that the oc-
currence of cultivable mycobacteria on the
skin only occasionally may cause false-pos-
itive smear results as far as the diagnosis of
leprosy is concerned.

The distribution of mycobacterial isolates
in respect to the clinical forms of the disease
(Table 2) were as follows: 2 isolates from
IND cases (N = 13, 15.3%); 2 isolates from
TT cases (N = 38, 5.2%); 1 isolate from BT
leprosy (N = 5, 20.0%); 2 isolates from BB
leprosy (N = 9, 22.2%); 0 isolate from BL
cases (N = 7, 0.0%); and 9 isolates from LL
cases (N = 17, 52.9%).

The frequency of isolates from LL cases
(52.9%) was significantly higher than from
TT cases (5.2%). Although the frequency of
isolates appeared to increase from TT to-
ward the LL end of the disease spectrum,
the number of cases examined was too small
to allow any further conclusion about this
matter.

Mycobacterial species isolated. The my-
cobacterial species isolated are shown in Ta-
ble 2. It was surprising to verify that M.
avitun and M. scrofillaceton were the only
opportunistic mycobacteria isolated from
multibacillary leprosy patients, which was
not the case from paucibacillary patients.

Considering the number of patients ex-
amined (N = 89), it was concluded that these
findings were not caused by chance alone,
as discussed below.

DISCUSSION
Previous studies ( 8 . 13 ) have shown that

mycobacteria were isolated at high fre-
quencies from the surface of the skin of
healthy volunteers (N = 291, 29.2%), from
biopsies of leprosy lesions (N = 36, 11.1%),
and from sputum specimens from leprosy
patients with respiratory symptoms (N =
93, 17.2%). The frequency of these isolates

from hand washings of leprosy patients
(present study) was 17.9%. Altogether, the
statistical analysis showed that there were
no statistical differences between the cul-
ture results in these studies. Consequently,
it was concluded that these findings could
be attributed to a high density of myco-
bacteria in an environment characterized
by high temperature and humidity, such as
the city of Manaus in Brazil (surface: about
15,000 square kilometers; population about
1,500,000 inhabitants) which was built in
the Amazonian forest next to the river (0.3°
latitude; 60° longitude). However, it was
surprising to verify that the M. avium - in-
tracellulare-scrofitlaceunt (MAIS) complex
was associated with multibacillary forms of
leprosy more often than to any other of the
above clinical conditions, and this was sta-
tistically significant.

Why should MAIS occur in LL leprosy
more often than in the general population,
and in TT leprosy less frequently? The fol-
lowing hypothesis may explain these find-
ings.

The extensive invasion of the underlying
tissues by Al. Ieprae, as evidenced by the BI
obtained using the slit-skin smears from fin-
gers, might cause biochemical changes giv-
ing a selective advantage to MAIS as op-
posed to any other less pathogenic
mycobacterial species. Although this hy-
pothesis may be considered satisfactory to
explore this matter, on these grounds it is
difficult to explain the rarity of MAIS on
the surface of the skin of TT cases and,
therefore, a second hypothesis may be en-
tertained.

MAIS (mainly M. aviton complex, MAC)
are potentially pathogenic mycobacteria that
find a privileged niche in immunosup-
pressed patients and are frequently associ-
ated with AIDS (4, 5, 7, 9, 16 , .) In LL leprosy
they did not cause apparent infection (or
disease), indicating that the immuno-
suppression in these patients was not suf-
ficient to let the bacteria proceed from col-
onization into disease but was sufficient to
let colonization be more extensive than in
healthy people. In patients who build up a
high degree of cell-mediated immunity, as
is the case in TT leprosy, the colonizing
bacteria would have been eliminated by the
cell-mediated immune processes of the skin.
If this interpretation of our findings is cor-
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rect, then one would expect that tubercu-
losis-associated leprosy should be encoun-
tered more often in LL than in TT leprosy.
Therefore, we began investigating tubercu-
losis-associated leprosy (four cases diag-
nosed thus far had LL leprosy; unpublished
observations).

The unexpected observations described
in this report not only raise interesting ques-
tions about the possible relationships be-
tween susceptibility to mycobacterial dis-
eases in leprosy patients subsequently
exposed to mycobacterial pathogens, but
also between the susceptibility to leprosy of
patients with other mycobacterial infections
or diseases. For instance, one may wonder
whether infection by MAC first may not
contribute to the severity of subsequent lep-
rosy, as suggested by others.

Finally, this study showed that slit-skin
smears from fingers for diagnosing leprosy
were satisfactory. However, it did not re-
place the earlobes or lesions as elected sites
for use in preparing smears. During this in-
vestigation, hand washings were cultured to
verify if cultivable mycobacteria might be
a significant cause of false-positive results,
but this was not the case. However, the use
of the sulfuric-acid method for decontam-
ination of the specimens may have reduced
the recovery of mycobacteria and, conse-
quently, this matter needs to be re-exam-
ined.

SUMMARY
The presence of mycobacteria on the skin

of healthy people and in leprosy lesions has
been documented previously. The present
study observed the mycobacterial flora on
the hands (by the hand-washing method)
and fingers (by the inoculated culture me-
dium using scraped material obtained dur-
ing the preparation of slit-skin smears) in
89 untreated leprosy patients. We also eval-
uated the slit-skin smears from fingers for
the diagnosis of leprosy. In 16 patients
(17.9%) mycobacteria were cultured from
scrapings and hand washings. The frequen-
cy of isolates from lepromatous (LL) leprosy
cases (52.9%) was significantly higher than
from tuberculoid (TT) leprosy cases (5.2%).
It was observed that Mycobacterium avium
and M. scrofulaceum were the only oppor-

tunistic mycobacteria isolated from multi-
bacillary patients, and two hypotheses are
discussed to explain these findings. The slit-
skin smears from fingers were as satisfactory
as smears from other sites for the diagnosis
of leprosy, but they were less satisfactory
for estimating the morphological index.

RESUMEN
Previamente se ha documentado la presencia de mi-

cobacterias en la piel de personas sanas y en la piel de
las lesiones de la lepra. El presente estudio se refiere a
la flora micobacteriana encontrada en las manos (por
el mêtodo del lavado de las manos) y en los dedos (por
cultivo del material de descamaciOn obtenido durante
la preparaciOn de extendidos de linfa cutanea) de 89
pacientes con lepra sin tratamiento. Tambien se evaluO
la utilidad de los extendidos de linfa cutanea de los
dedos para establecer el diagnOstico de la lepra. Se
pudieron cultivar micobacterias por descamaciem y la-
vado de las manos de 16 pacientes (17.9%). La fre-
cuencia de aislamientos de los casos de lepra lepro-
matosa (52.9%) fue significativamente mas alta que
aquella de los casos tuberculoides (5.2%). Se observe)
que Mycobacterium arimn y scrofulaceum fueron
las Unicas micobacterias oportunistas aisladas de los
pacientes multibacilares. Se discuten dos hipOtesis para
explicar estos resultados. Los extendidos de linfa cu-
tanea de los dedos fueron tan satisfactorios como los
extendidos de otros sitios para el diagnOstico de la lepra
pero fueron manos satisfactorios para calcular el indice
morfolOgico.

RÉSUMÉ

La presence de mycobacteries dans la peau de sujets
en bonne sante et dans des lesions lepreuses a ete rap-
port& precedemment. L'etude presente a analyse la
flore mycobacterienne presente sur les mains (par la
methode de lavage des mains) et les doigts (en inoculant
le milieu de culture avec du materiel de grattage obtenu
lors de la preparation de frottis cutanes) de 89 malades
de Ia lepre non traitês. On a aussi examine les frottis
cutanes preleves aux doigts pour le diagnostic de la
lepre. Chez 16 patients (17, 9%), des mycobacteries ont
ete cultivees a partir de materiel de grattage et du lavage
des mains. La frequence des isolats Omit significati-
vement plus elevee chez les patients lepromateux (LL)
(52, 9%) que chez les tuberculokles (TT) (5.2%). On a
observe que Mycobacterium avium et Al. scrofulaceum
etaient les seules mycobacteries opportunistes isolees
a partir de patients multibacillaires, et deux hypotheses
sont discutees pour expliquer ces observations. Les
frottis cutanes des doigts etaient aussi satisfaisants que
ceux preleves en d'autres endroits pour le diagnostic
de Ia lepre, mais ils êtaient moins satisfaisants pour
estimer l'indice morphologique.
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