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Pulmonary Calcification and Skin Sensitivities
to Tuberculin, Histoplasmin and Coccidioidin

Among Polynesians
EUNG SOO HAN I

Pulmonary calcifications are fairly common in Western Samoa, but they cannot be
attributed entirely to tuberculosis, since they are also produced by certain systemic mycoses
and parasitic infestations. Furthermore, in many tropical areas, skin sensitivity to tuber-
culin is often due to certain unidentified weak sensitizing agents, rather than to the usual
virulent tubercle bacilli.

Skin sensitivity to histoplasmin and coccidioidin is absent in both Western Samoa and
the Tokelau Islands; consequently, pulmonary calcifications found in these places cannot
be attributed to either histoplasmosis or coccidioidomycosis.

Both Western Samoans and Tokelauans exhibit non-specific reactions to tuberculin
throughout their lives, but these reactions are clearer and more distinct in groups aged
15 years or more.

The prevalence of non-specific sensitivity to tuberculin should be investigated further.

Certain systemic mycoses, especially histoplasmosis
and coccidioidomycosis, are becoming increasingly
important in some parts of the world in the diagnosis
and epidemiology of tuberculosis. Pulmonary
manifestations of these mycoses demand attention,
since not only are their symptoms, signs and
roentgenological evidences very similar to those of
pulmonary tuberculosis (Conant et al., 1945; Sweany
et al., 1962; Lee, 1944), but cross-reactions between
their antigens and tuberculin are frequent (Edwards
& Palmer, 1957). Furthermore, in the tropics,
non-specific tuberculin reactions may be caused by
certain unidentified sensitizing agents (Nyboe, 1960).
All these factors must be borne in mind when
tuberculin tests and chest X-rays are being examined,
especially in the course of mass tuberculosis case-
finding campaigns in tropical regions where these
mycoses are prevalent. Fortunately, many skin-
testing surveys have contributed to the present fairly
detailed knowledge of their distribution in the world
(Smith, 1947; Edwards, 1957).
A large-scale tuberculosis case-finding campaign

was conducted by the author on the principal islands
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of Western Samoa during the years 1961-63, and a
fairly high incidence of pulmonary calcifications in
individuals who did not react to tuberculin was
noted. He then attempted to investigate the cause
of the high prevalence of pulmonary calcifications by
testing with histoplasmin and coccidioidin, as well
as tuberculin. The findings as to the correlation
between pulmonary calcifications and skin sensiti-
vities to histoplasmin, coccidioidin, and tuberculin
are reported below.

MATERIALS AND METHODS

Antigens
The skin-testing antigens that were used in the

present investigation were the following: histo-
plasmin (lot No. H-42) and coccidioidin (lot No. 59),
both supplied by the Tuberculosis Program of the
United States Public Health Service; the tuberculin
used was PPD (purified protein derivative) RT 23,
with Tween 80 added, prepared by the Statens
Seruminstitut, Copenhagen, and supplied by WHO.

Populations
Upolu and Savai'i are the two largest islands of

Western Samoa. They lie between latitudes 130 and
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150 S and longitudes 171° and 174° W. Their total
population is approximately 115 000, with Poly-
nesians predominating. The populations of nine
coastal villages (three on eastern Savai'i and three
each on northern and southern Upolu) that pre-
viously had been selected randomly for a tuberculin
study of the general population were also used as
su,bjects in the present investigation.

Also used were some inhabitants of the Tokelau
Islands, which consist of three major atolls located
between the parallels 80 and 100 S and the meridians
1710 and 1930 W. The group is situated approxi-
mately 485 km (300 miles) to the north of Western
Samoa. Ships bring essential supplies to these
islands from Western Samoa quarterly, so the group
as a whole is fairly well isolated. Within it, however,
the inhabitants travel from one island to another by
canoe quite frequently; there is therefore no probable
essential difference between the populations of these
three atolls. As of 19 September 1962, 1822 persons
lived on these three atolls, the bulk of them (1302)
on the most northerly and most southerly (Atafu
and Fakaofo) islets that were investigated in the
present study. None of the Samoans or Tokelauans
studied had ever received BCG vaccination.

Procedures

The three skin tests were performed simultaneously
by intracutaneous injection. One person admi-
nistered 0.1 ml of a 1/100 dilution of histoplasmin
in the upper third of the flexor surface of the right
arm, another gave 0.1 ml of a 1/100 dilution of
coccidioidin in the lower third of the flexor surface
of the same arm, and a third person administered
1 TU of RT 23 with Tween 80 in the middle of the
flexor surface of the left arm. All the precautions
suggested by Mochi & Edwards (1952) were ob-
served.
On the day the skin tests were performed, chest

roentgenograms of the subjects aged 10 years or
more were made on miniature (70 x 70 mm) film.
All films were read by a medical officer, who re-
corded his interpretations before the skin tests
were read.
Three days after the antigens had been injected,

the skin reactions were read, independently, by three
different persons by measuring the transverse
diameters of the palpable indurations in millimetres.
(These persons had no knowledge of the X-ray
findings.) Subjects with indurations larger than
5 mm in diameter were questioned as to places of
travel and residence.

RESULTS

Pulmonary calcifications

Examination of the chest X-rays of 1830 Samoans
revealed that 67 of them (3.6%) had X-ray evidence
of pulmonary tuberculosis. Only 13 of these 67
proved to have sputum cultures positive for Myco-
bacterium tuberculosis. It was also found that, of the
total sample of 1830 Samoans, 145 (7.9%) showed
pulmonary calcifications. Careful examination of
the chest X-ray films showed that most of these
calcifications were located in the hilar region,
although they were not necessarily bilateral. The
calcifications were small and irregular in both size
and shape and were frequently found along the lung
markings, especially in the lower right lung field;
they were rarely found peripherally.

In investigating the causes of this high prevalence
of pulmonary calcification, consideration was given
to parasitic infestations, and especially to filariasis,
which is highly prevalent in the area under study
and is believed to produce certain pulmonary
manifestations (Thompson, 1950; New Zealand,
Medical Research Council, 1953). Some 75 persons
with gross elephantiasis were examined roentgeno-
graphically; only 3 (2.6%) were without radio-
graphically detectable pulmonary manifestations.
However, it should be noted that these 75 patients
with elephantiasis were collected from 34 villages
with a total registered population of 14 402. Of this
number, 7191 persons aged 15 years or more were
examined radiographically, and it was found that
the average rate of pulmonary calcification was far
greater, in this general population, than in the 75
individuals with elephantiasis. Consequently, the
traditional belief in the calcification of the so-called
"filaria lung " proved to be unfounded. Although
the correlation between intestinal parasitism and
pulmonary manifestations and calcifications might
have yielded unexpected findings, it was not in-
vestigated.

Sensitivity to histoplasmin and coccidioidin
The majority of the 3035 persons investigated in

Western Samoa showed neither any recognizable
degree of skin sensitivity to either of these two
systemic fungal antigens nor any cross-reactions
between them and tuberculin. Six individuals
showed 5-mm to 9-mm skin reactions to histo-
plasmin, and seven did so to coccidioidin, but chest
X-ray examinations of all of these persons were
negative. Since none of these subjects gave evidence
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of having travelled outside of Western Samoa,
histoplasmosis and coccidioidomycosis are excluded
as contributing factors in pulmonary calcification.
A similar investigation, using these two antigens,

was done in the Tokelau Islands on 1032 persons,
and again it was found that there was neither any
appreciable degree of skin sensitivity to either of
these fungal antigens nor any correlation between
them and tuberculin.

Pattern of distribution of tuberculin reactions
To illustrate the response of these populations to

the injection of 1 TU of RT 23 with Tween 80 a
detailed analysis is presented by broad age-group
of the tuberculin reactions of Western Samoans
(Fig. 1) and Tokelauans (Fig. 2). The distribution of
the reactions shows a distinct bimodal curve in both
the Samoan and Tokelauan groups aged 15 years or
more, with the usual picture of a gradual shift to
the right of the distribution of the tuberculin reaction

with increasing age of the subjects. It appears that
certain weak sensitizing agents, and not the usual
virulent tubercle bacilli, have already begun to
infect children aged 14 years or less, but that much
heavier infection takes place later in life. A similar
pattern of distribution of tuberculin reactions was
observed among individuals with pulmonary tuber-
culosis (Fig. 3).

Correlation between pulmonary calcification and the
tuberculin reaction
The correlation between pulmonary calcification

and the tuberculin reaction in the study population
is demonstrated in the table and in Fig. 4, where it
can be seen that, among 1830 Samoans examined by
X-ray, 145 had pulmonary calcifications and 85
(56.6Y) did not react to 1 TU of RT 23 with
Tween 80. When these 85 individuals were further
tested with 20 TU of RT 23 with Tween 80, 37
(43.5%) still did not react. It is therefore clear that

FIG. I
TUBERCULIN REACTIONS TO I TU OF PPD RT 23 WITH TWEEN 80 IN WESTERN SAMOA, 1962
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FIG. 2
TUBERCULIN REACTIONS TO I TU OF PPD RT 23 WITH TWEEN 80 IN FAKAOFO AND ATAFU ATOLLS,

TOKELAU ISLANDS, 1962
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these pulmonary calcifications were attributable to
something other than tuberculosis.

DISCUSSION

While a close correlation between pulmonary
calcifications and tuberculosis has been established
(Rich, 1951; Danish Tuberculosis Index, 1955),
pulmonary calcifications are not always caused by
tuberculosis infection. They may arise from other
well-known conditions, such as certain systemic fun-
gus infections (Rechert & Campbell, 1952; Conant
et al., 1945; Smith, 1947) and parasitic infestations.
The global epidemiologies of both histoplasmosis

and coccidioidomycosis have been studied exten-
sively, and the zones of epidemicity of both of
these mycoses have been well established (Conant et
al., 1945; Loosli et al., 1951; Mochi & Edwards,

1952; Edwards, 1957). Nevertheless, because of the
frequent travel and exchange of goods between zones

where these mycoses are endemic and those where
they are not, the Samoans are no longer isolated
from the rest of the world and thus, at almost any

time, may be exposed to these diseases from the
outside.
These two systemic mycoses and tuberculosis have

many clinical similarities, particularly in roentgeno-
logical findings in the chest; these similarities often
create diagnostic problems (Conant et al., 1945;
Sweany et al., 1962; Lee, 1944), especially since the
mycoses and tuberculosis all produce the same type
of pulmonary calcification (Conant et al., 1945;
Smith, 1947; Edwards, 1957). Furthermore, as noted
above, there is some degree of cross-reaction
between tuberculin and the two fungal antigens.
Consequently, a high prevalence of pulmonary
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CORRELATION OF X-RAY FINDINGS AND SIZE OF REACTIONS TO TUBERCULIN (1 TU RT 23)
IN WESTERN SAMOA (1962)

Size of tuberculin reaction (mm) Total
X-ray findings __ _ -__-_ -__-_ -__- _ __ _X-ray flndings

_ - 0 1-4 5-9 10-14 15-19 20-24 25-29 30 + No. %

Negative 1 137 23 76 186 118 67 10 1 1 618 88.4

Calcifications 85 4 3 18 17 13 4 1 145 7.9

Pulmonary tuberculosis 19 - - 21 12 8 7 - 67 3.6

Total 1241 27 79 225 147 88 21 2 1 830 99.9

FIG. 3
TUBERCULIN REACTIONS TO I TU OF PPD RT 23 WITH

TWEEN 80 AMONG PERSONS WITH PULMONARY
TUBERCULOSIS IN WESTERN SAMOA
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calcification, especially among non-reactors to
tuberculin, deserves attention.
The present study has revealed'that, while there is

a high prevalence of pulmonary calcifications in

Western Samoa, only about half of them could be
attributed to tuberculosis, since the prevalence of
tuberculin sensitivity is approximately the same for
persons with and without pulmonary calcifications.
It was also found that fungus infections such as
histoplasmosis and coccidioidomycosis did not con-
tribute to this high prevalence ofpulmonary calcifica-
tions in Western Samoa, since no appreciable degree
of skin sensitivity to their antigens was observed.
In American Samoa, which is only about 65 km
(40 miles) away, and to which the Western Samoans
travel freely, of 1567 schoolchildren investigated,
between the ages of 8 and 20 years, only 14 (a mere
0.9 %) showed positive reactions to histoplasmin
(Earle & Brenneman, 1954). This finding would
indicate that histoplasmosis is not significant in this
respect in American Samoa.

It has been reported that non-specific tuberculin
reactions in the tropics are caused by weak sensitizing
agents of unknown nature (Nyboe, 1960). In one
investigation carried out in Western Australia, 6 of
39 sputum cultures obtained from cases ofpulmonary
tuberculosis were reported to be positive for non-
specific mycobacteria.1 Whether such non-specific
positive findings can be related to pulmonary calci-
fications must await further study.
The so-called " Samoan lung ", " Samoan pulmo-

nary fibrosis " or " Samoan bronchiectasis " has been
described in the literature as being similar, roentgeno-
logically, to various stages of pneumonitis (Thomp-
son, 1950; New Zealand, Medical Research Council,
1953; American Samoa, 1960). The causes of this
condition are not clearly known, but it is possible
that this chronic pulmonary fibrosis may sometimes
heal, leading to the deposition of a few calcifications

1 N. Kovacs, personal communication, 1963.
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FIG. 4
TUBERCULIN REACTIONS TO 1 TU OF PPD RT 23 AMONG 145 SAMOANS WITH PULMONARY CALCIFICATIONS
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in the lower lung fields. This may be the result of prevalence of intestinal parasitic infestation in this
repeated passages of adult intestinal parasites part of the world (Western Samoa, 1961; American
through the lungs over long periods. The high Samoa, 1960) tends to support this hypothesis.
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RSSUMMS

Si personne ne met en doute l'existence d'une relation sitoses. Dans de nombreuses r6gions tropicales, l'allergie
6troite entre les calcifications pulmonaires et la tubercu- tuberculinique non sp6cifique peut en outre etre due a
lose, ces calcifications peuvent cependant etre 6galement l'intervention d'agents non identifihs, de faible pouvoir
provoquees par des mycoses g6n6ralis6es ou des para- sensibilisant, plut6t qu'au bacille tuberculeux virulent. A

eto

a-
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l'occasion d'une campagne de masse de depistage de la
tuberculose, l'auteur a cherche a etablir une correlation
entre la frequence des calcifications pulmonaires et les
reactions cutanees it l'histoplasmine, a la coccidioldine
et a la tuberculine, chez les habitants des Samoa Occiden-
tales et des iles Tokelau.

L'etude a porte sur les habitants de neuf villages c6tiers
des Samoa Occidentales et sur les habitants des trois iles
principales de l'archipel des Tokelau. Les trois injections
intradermiques d'antigenes (histoplasmine et coccidioT-
dine foumies par le Tuberculosis Program of the United
States Public Health Service et tuberculine du Statens
Seruminstitut de Copenhague fournie par 1'OMS) et une
microradiographie des poumons ont e pratiquees en
une meme seance. La lecture des reactions aux tests cuta-
nes a ete faite trois jours apres l'injection des antigenes.

Lors de l'examen radiologique pulmonaire pratique
chez 1830 sujets, 67 (3,6 %) pr6sentaient des lesions tuber-
culeuses et 145 (7,9°/) etaient porteurs de calcifications
generalement localisees a la region hilaire. Sur 3035 habi-
tants des Samoa Occidentales, seuls six et sept ont reagi
a l'injection intradermique respectivement d'histoplas-
mine et de coccidioldine. On ne notait chez eux aucune
lesion decelable 'a l'examen radiologique. D'autre part,

aucun degre appreciable de reactivite cutanee n'a ete
constate parmi les habitants des iles Tokelau apres injec-
tion des deux antigenes fongiques.

Selon les auteurs, la frequence elevee des calcifications
pulmonaires chez les habitants de ces regions ne peut etre
attribuee qu'en partie (50% des cas environ) a la tuber-
culose. Les mycoses generalisees comme l'histoplasmose
et la coccidioldomycose ne paraissent avoir qu'une
influence negligeable, comme le prouve l'absence de sen-
sibilite a I'histoplasmine et a la coccidioldine. La filariose,
dont la prevalence est elevee dans ces regions, ne pro-
voque pas de calcifications pulmonaires contrairement a
l'opinion classique.

Les sujets etudies presentent, tout au long de leur vie,
une allergie non specifique i la tuberculine, les reactions
devenant plus nettes dans les groupes d'age de 15 ans et
plus. La prevalence de I'allergie tuberculinique est a peu
pres la meme chez les sujets porteurs de calcifications pul-
monaires que chez ceux qui en sont exempts.

Enfin, pour expliquer la pathogenie des calcifications
pulmonaires, les auteurs envisagent le r6le eventuel des
migrations repetees de parasites intestinaux adultes a
travers les poumons et l'interference d'infections causees
par des mycobacteries non tuberculeuses.
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