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Correlation of Oral Surface Temperatures and the
Lesions of Leprosy'

Anton Scheepers2

"The leprosy bacillus appears to be
highly temperature dependent, for it pro-
duces lesions mainly in colder parts of the
body ..." (2).

The above statement is presently ac-
cepted by most leprologists as being true. In
the first half of this century, the temperature
theory, as stated above, was based mainly on
clinical observations. In 1959, Brand gave
an excellent summary of clinical observa-
tions favoring the temperature theory (5).

In a clinical study in 1968, Hastings, et
al. strengthened the arguments in favor of
the temperature theory by reporting that
they found a significantly higher bacterial
density in skin with a mean temperature of
32.05°C when compared to skin with a
mean surface temperature of 33.46°C ('").
The study was based on temperature mea-
surements as well as on skin biopsies taken
from the lower back of five lepromatous
leprosy patients. Shepard found Mycobac-
terium !quite to multiply most rapidly in
mouse foot pads with a tissue temperature
of 27°C to 30°C (17).

Franzblau and Harris showed the optimal
temperature for synthesis of the M. leprae-
specific phenolic glycolipid (PGL-I) to be
33°C, and that ATP levels were higher with
M. lepme cultures incubated at 33°C or less

This paper describes the findings of a
clinical study using the oral cavity as a
model to investigate the relationship be-
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tween oral lesions of leprosy and oral sur-
face temperatures. The oral cavity appears
to be a more suitable model than skin since
skin is exposed to the outside environment
constantly compared to the occasional ex-
posure of the oral mucosa.

MATERIALS AND METHODS
The frequency of distribution of oral lep-

rous lesions as determined in a clinico-
pathological study of 37 leprosy patients
was plotted on a World Health Organization
(WHO) topographical map, dividing the
oral cavity into 44 different topographical
locations (Fig. 1).

Locations within the oral cavity affected
by leprosy, in order of frequency, were the
hard palate, followed by the soft palate, the
labial maxillary gingiva, the tongue, the lips
and, lastly, the buccal maxillary gingiva, the
labial mandibular gingiva, and the buccal
m Licosa.

A percentage value for the frequency of
leprous involvement of the mouth was allo-
cated to each of the affected 44 WHO loca-
tions (Fig. 1). A full report of these results
was published in 1993 ('`).

The next part of the study was to corre-
late the frequency of distribution of the lep-
rous lesions at the 44 WHO locations with
the usual temperatures at these locations.
An isotemperature contour map of the oral
cavity was therefore sought after but no
such map could be found in the literature.

In 1970, Budylina, et al. (h) measured the
surface temperatures of the oral structures
of seven healthy, young adults at numerous
locations using a thermo-couple under con-
trolled conditions. Their figures were then
compared to other less comprehensive stud-
ies, and a reasonable degree of correlation
of results was found (-`• '1' "). This was con-
firmed by Spierings, et al. in their review
paper (''). Budylina, et al.'s point-location
temperatures were then transferred onto the
WHO topographical contour map of the
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FIG. I. Frequency of involvement of each W110
topographical location as a percentage of the number
of patients with oral lesions.

THE TABLE. Percentage involvement
and niinimum sutince temperature values
for each WHO location.

WI 10 location % Involvement Minimum
temperature (°C)

13 13.5 32.8
14 13.5 33.7
15 13.5 35.8
16 16.2 35.8
17 0 34.5
18 0 33.9
19 2.7 35.5
20 2.7 35.5
21 0 34.0
22 0 33.8
23 0 35.4
24 0 34.6
/5 0 35.4
26 0 34.6
27 1.7 35.4
28 1.7 35.4
29 0 34.6
30 0 34.6
31 29.7 32.5
32 2.7 33.1
33 16.2 33.5
34 16.2 33.5
35 0 34.5
36 0 34.5
37 75.7 27.4
38 0 31.0
39 16.2 33.75
40 16.2 33.75
41 13.5 34.8
42 13.5 34.8
43 16.2 33.5
44 2.7 33.75
45 2.7 33.75
46 0 34.5
47 0 34.5
48 0 34.5
49 0 36.1
50 0 36.1
51 75.7 32.1
52 75.7 32.1
53 46 33.5
54 46 33.5
55 0 35.0
56 0 35.0

oral cavity by making use of a three-dimen-
sional terrain model computer program.
The temperature value of the lowest iso-
temperature line crossing each of the 44
WHO areas was noted (The Table).

RESULTS
A minimum temperature value and a

percentage value regarding the frequency of
leprous involvement were obtained for each
of the 44 WHO topographical areas. These
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values were then tabulated (The Table) and
the two variables were tested for correlation
using Pearson's correlation coefficient. The
coefficient of variation (r) was found to be
0.66 (Fig. 2).

DISCUSSION
Temperature plays a prominent and unique

role in the disease of leprosy. Peripheral
leprous neuropathy is caused by invasion of
the superficial peripheral nerves by leprosy
bacilli. This reduces bloodflow, resulting in
lower skin temperatures, especially of the
extremities (1). These lower temperatures
encourage the invasion and proliferation of
M. leprae. By invading the cooler nasal mu-
cosa, masses of M. leprae (1W-107 organ-
isms per day) are excreted in the nasal dis-
charge ( 'y). This causes dissipation of the
bacilli into the environment, promoting the
propagation of leprosy in the population. It
has been demonstrated that the leprosy
bacilli so excreted remain viable outside of
the human body for more than 9 days (7)•

The body temperature may be manipu-
lated as a therapeutic measure. Progressive
ulnar nerve destruction may be counter-
acted by placing the upper extremity in a
cast (5). A tarsorrhaphy may be considered
when confronted with a leproma increasing
in size across the surface of the cornea (12).
A trztcheostomy will indirectly increase the
temperature of the nasal mucosa, contribut-
ing to a reduction in the bacillary load
(14- '5). The possible role of thyroxine to in-
crease the basal metabolic rate has been
proposed to raise the core temperature and

to create an unfavorable it ^temperature
for the proliferation of the bacilli (1).

The observation of leprosy bacilli in the
liver parenchyma (a relatively warm organ)
can be explained by the liN'er removing
masses of bacilli from the bloodstream, and
not as an invasion in the true sense of the
word (5- " ). Heavy infiltration of M. leprae
into the liver and spleen occurs in armadil-
los with their cool core temperature (44'5).

With the exception of WHO location 38,
all WHO locations having a surface temper-
ature of less than 33.8°C have some pa-
tients with lesions in these locations. The
anterior lingual gingiva (WHO location 38)
at only 31°C, however, had ilo patients af-
fected in this location. The relatively warm
tongue almost constantly overlying this lo-
cation may explain the absence of lesions.

The anterior palate (WHO location 37)
was frequently involved (75.7%). This may
be explained by its cool surface temperature
of 27.4°C. A contributory factor may be
that bacilli may invade the palate directly
from the heavily infiltrated nasal mucosa,
especially via the nasopalatine duct.

Mouthbreathing is a very common find-
ing in patients with lepromatous leprosy
due to nasal involvement causing nasal
stuffiness ancl obstruction (14-'5). The flow
of cooler inspired air, as well as the cooling
effect of evaporation, will certainly lower
the surface temperature values, especially
over the dorsum of the tongue and over the
hard and soft palates. Unfortunately, no oral
surface temperature values for mouth-
breathers could be found in our literature
search. For speculative reasons, cooler tem-
perature values were allocated for the WHO
locations corresponding to the dorsum of
the tongue and palate. Postulating cooler
surface temperature values of 3°C and 7°C
below the actual values in these locations
just marginally increased the correlation co-
efficients to 67 and 67.4, respectively. It
should be borne in mind that the tempera-
ture values were taken in non-mouth-
breathers, but with an open mouth; thus, to
some extent simulating the effects of
mouthbreathing (5)•

This study shows that the oral lesions of
leprosy occur more frequently in areas of
the mouth with lower surface temperatures.
In light of the literature cited, it is con-
cluded that leprosy bacilli proliferate in
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sites having a temperature lower than nor-
mal core body temperature.

SUMMARY
A short review of the literature on the

optim11111 temperature for the growth of 41 y-
cobaclerium leprae is followed by a report
of an investigation into the correlation of
oral surface temperatures with oral leprous
lesions. It is concluded that the oral lesions
of leprosy occur more frequently in areas of
the mouth with a lower surface temperature.

RF,SUNIEN
Se httee una corta revisinn de la literatura sobre

temperatura Optima para el crecimiento de Mycobac-
terium leprae y se reportan los resultados de una in-
vestigacitin solve la correlaciOn entre las temperaturas
dela superticie oral y hipresencia de lesiones orates de
la lepra. Sc concluye que las lesiones orates de la lepra
ocurren itts frectientemente en aquellas areas de la boca
que lienen las temperaturas superliciales mtis bajas.

RESUME
line breve revue de la litter:afire concern:int la tent-

pexature optitnale de croissance de Mycobacterium
leprae est le point de dt:Tart (rune L:tucle addressant la
correlation pouvant exister entre la temp,:trature super-
ficielle orate et les lesions orates de lepre. II est conclu
clue les lesions orates de lepre apparaissent plus
frequemment dans des tares de la bouche caracterisees
par tine temperature superlicielle plus basse.
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