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Histoplasmin Sensitivity of Young Men in Alaska,
Hawaii, the Philippines and Puerto Rico*

PHYLLIS Q. EDWARDS, M.D.'

The author describes results of a continuing study of skin sensitivity to histoplasmin
among United States Navy recruits from Alaska, Hawaii, the Philippine Islands and
Puerto Rico. For comparison, material is also includedfor several groups ofrecruits from
different states of mainland United States.

The evidence is interpreted as indicating that the frequent large reactions in Puerto
Rican and Filipino recruits represent specific infection with Histoplasma, whereas the small
reactions in recruits from Hawaii and the Philippines represent cross-reactions due to
sensitization with a presently unknown agent or agents.

For more than fifteen years, since its use became
widespread, the histoplasmin skin test has been
classed as indiscriminate: it fails to distinguish sub-
jects infected by Histoplasma from those who react
to histoplasmin by virtue of some cross-sensitizing
infection. Coccidioides and Blastomyces are the two
systemic fungi most often cited as responsible for
histoplasmin cross-reactions; no doubt there are
others, and on rather general grounds one might
expect them to vary widely in their geographic dis-
tribution and prevalence.

Evidence of cross-sensitivity to histoplasmin has
been found in lifelong residents of some parts of the
United States of America. The relatively high fre-
quency of small reactions to histoplasmin found in
the south-west, where the fungus Coccidioides
immitis is indigenous, is readily attributable to coc-
cidioidal infection: most persons with small reactions
to histoplasmin have larger reactions to coccidioidin.
But in several regions well beyond the range of
Coccidioides, where disproportionately high fre-
quencies of small reactions to histoplasmin have also
been found, the. source or sources of cross-sensitivity,
while clearly not Coccidioides, remain unidentified.
This is the case in Louisiana and probably to a lesser
extent in the other Gulf States, as reported previ-
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culosis Program.

ously (Edwards & Palmer, 1963). Similar evidence is
now reported of an unrecognized source of cross-
sensitivity to histoplasmin among lifelong residents
of Hawaii and the Philippine Islands.
The present paper is based on a method of analysis

of histoplasmin skin-test results that reveals several
different components among the reactions generally
classified as " positive." The method of analysis is
not new, nor is the histoplasmin test. The application
of the method to the test results is, however, a
relatively new approach to an old problem, the
problem of distinguishing histoplasmin cross-reac-
tions from the reactions caused by specific infection
with Histoplasma.

MATERIAL AND METHODS

Since January of 1958 the Public Health Service in
co-operation with the Navy Department has been
giving skin tests routinely to all recruits as they enter
the Navy's two training centres, at Great Lakes,
Ill., and San Diego, Calif. Most of the recruits are
young, on the average close to 18 years of age; and
they come from all 50 States as well as from the
Philippines, Puerto Rico and the Virgin Islands, the
several United States territories in the Pacific, and
elsewhere. In general (although not invariably), re-
cruits from the western part of the country and the
Pacific area are sent to San Diego and recruits from
the eastern part and the Caribbean to Great Lakes.

Generally within a few days after arrival at the
Navy training centres, and rarely after more than
three weeks, the recruits are given four skin tests after
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filling out an individual record card with identifica-
tion data and a residence history, in which they are
asked to list all the places they have lived for six
months or more since birth. Tuberculin (PPD-S) and
histoplasmin have been used since the study started;
coccidioidin was used during the first six months in
1958; PPD-B, prepared from the Battey type of
mycobacterium, since July 1958; and for the fourth
test we have used a wide variety of other mycobac-
terial and fungus antigens. Only the results with
histoplasmin and coccidioidin are included in the
present report.
The tests are given by intracutaneous injection of

0.1 ml diluted antigen into the volar surface of the
forearms. The recruits return for the reactions to be
read on the third day, sometimes on the second or
fourth day, after the injection. The reader first feels
the reactions, then measures the width of the indur-
ated area, if any; the measurement is dictated to a
clerk who records it on the recruit's record card. No
reaction is classified by the reader as either positive
or negative: only the measured size of the reaction
(millimetres of induration) is recorded. As a safe-
guard against bias, the reader is not allowed to see
the record card.
The reading is done by a trained staff of nurses

from the Public Health Service, assigned full-time to
the skin-testing programme at the two Navy training
centres. Every few months the nurses are transferred
from one centre to the other. Occasionally it has
been expedient to use additional help, particularly
in giving the injections.
The histoplasmin used in the programme is

identified as batch H-42, a culture filtrate prepared
in 1947 by Dr Arden Howell Jr, of the Public Health
Service. It was standardized to be used in a dilution
of 1: 100. The coccidioidin, also a culture filtrate
and used in a 1: 100 dilution, was lot number 91975
from the Cutter Laboratories, standardized under
the supervision of Dr Charles E. Smith of the
University of California.

STUDY POPULATION

For present purposes, the study population except
for one group is limited to men who were 17-21 years
of age when they enlisted in the Navy during the
four-year period 1958-61; the group from the
Philippines includes men from 17 to 25 years of age.
The study population is further limited to those who
indicated in their residence histories that they had
lived all their lives (or all but six months or less) in

only one State, in the Philippine Islands, or in Puerto
Rico, the Virgin Islands, and New York City.
Although many of the recruits who identified them-
selves as Puerto Rican had been living in New York
for more than six months before enlisting in the Navy,
they are included here only if they had lived in Puerto
Rico or the Virgin Islands for at least eight years and
in no place other than New York City for the remain-
ing time. Finally, only white recruits are included
from the conterminous United States, but the groups
from Alaska, Hawaii, the Philippines, and Puerto
Rico/Virgin Islands are racially mixed.

RESULTS

The sizes of reactions to histoplasmin among re-
cruits from Alaska, Hawaii, the Philippines and
Puerto Rico are shown in the first four columns of
Table 1. Only one of the 106 young men from
Alaska had a reaction with measurable induration,
and his reaction measured 3 mm in diameter; none
of the others had any induration. (Zero and 1 mm
are taken together as " no induration " since 1 mm
was rarely recorded by our readers.) Among recruits
from Hawaii, about 8% (41 out of 486) had some
reaction to the histoplasmin test, although most of
the reactions were small; only 4 were more than 5 mm
in diameter. Appreciably more sensitivity was found
among recruits from the Philippines and Puerto
Rico, as is evident from Table 1 and also from Fig. 1,
which shows graphically the percentage frequency

FIG. I
FREQUENCY DISTRIBUTIONS OF SIZES OF HISTOPLASMIN
REACTIONS IN NAVY RECRUITS, LIFETIME RESIDENTS

OF THE PHILIPPINES, PUERTO RICO, AND HAWAII

80.8
83.4

-19!..
Place of Residence Number

tested
A Philippines 2577
O Puerto Rico 73
- Hawaii 486

Induration (mm)
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TABLE 1

RESULTS OF HISTOPLASMIN TESTS IN NAVY RECRUITS
FROM SELECTED REGIONS, 1958-61

T ~~~~Puerto South-
Size of reaction Alaka HaiiPhilip- Rico western
(mminduration) Alask Hal pines Virgin area of
____ __ __ __ ~~~~Islands ~S

0-1 105 445 2148 59 6 398

2 11 49 65

3 1 8 97 1 107

4 13 74 125

5 5 44 105

6 1 27 119

7 19 1 79

8 7 1 64

9 18 2 94

10 2 18 2 102

11 12 1 76

12 21 2 59

13 9 1 42

14 13 1 25

15 4 1 25

16 2 14

17 4 12

18 1 4 9

19 3 1 7

20 2 6

21 1

22-23 4

24-25 2

26+ 1

Total number
tested 106 486 2 577 73 7 539

Reactions 6 mm
and over:

Number 0 4 165 13 739
% 0.8 6.4 17.8 9.8
Mean size 10.6 11.5 10.1

a Eleven counties in southern California: Fresno, Imperial,
Kern, Kings, Los Angeles, Madera, Orange, Riverside, San
Bernardino, San Diego, and Tulare; all counties in Arizona and
New Mexico; and the 85 counties in Texas west of and including
a north-south line formed by King, Stonewall, Fisher, Nolan,
Coke, Tom Green, Concho, McCulloch, San Saba, Llano,
Blanco, Kendall, Bandera, Medina, Atascosa, Live Oak, Jim
Wells, Kleberg, Kenedy, Willacy, and Cameron counties.

FIG. 2
FREQUENCY DISTRIBUTIONS OF SIZES OF HISTOPLASMIN
REACTIONS IN NAVY RECRUITS, LIFETIME RESIDENTS OF

SIX STATES a

276
433

782 9
8 199 Lifetimne Residents Number18A of tested

- Kentucky 2855

-5 -Indiana 60261 5-~~ ~ ~ ~ -Ohio 13406
A
/\ ~~~-- MciLyland 2679
I / - X WestVirginia 3295

2 Michigan 12003

C9

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Induration (mm)

a Reproduced from Edwards & Palmer, 1963.

distributions of sizes of reactions (in 2-mm group-
ings) for those two groups and for the Hawaiians.
Of the small number of recruits from Puerto

Rico, nearly 20% had sizable reactions. The mean
was 11.5 mm for the 13 reactions of 6 mm and
over. The distribution also shows an almost com-
plete absence of reactions of 2-6 mm: only one recruit
had a reaction (3 mm) in that size range; the re-
mainder, close to 80% of the total group, had no
reaction at all. Among the much larger number of
recruits from the Philippines, about the same pro-
portion-just over 80 %/-had no reaction at all, and
among those with reactions of 6 mm and over the
mean was 10.6 mm; but in contrast to the findings in
the Puerto Ricans, some 62% of the Filipinos who
had measurable reactions (264 out of 429) had reac-
tions of 2-6 mm. The relative preponderance of small
reactions was even higher among recruits from
Hawaii: out of 41 with measurable reactions, 37
(90%/) had reactions of under 6 mm. Such differences
in the prevalence of low-grade sensitivity would be
completely obscured by reporting simply the " per-
centage positive."
When these results are compared with results for

recruits from other regions, some significant dif-
ferences and similarities can be noted. In Fig. 2,1 for

1 Note the threefold reduction of the vertical scale
compared with Fig. 1.
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example, the frequency distributions of sizes of
reactions to histoplasmin are shown for lifetime res-
idents of six States in the eastern half of the con-
tinental United States. These recruits, like the
others, were 17-21 years of age on entry to the Navy
during the years 1958-61, but unlike the other groups
they were racially homogeneous-only those who
designated themselves as " white " have been in-
cluded here.'
The six distributions in Fig. 2 are remarkably

alike, the only important difference being in the
proportion of each group who reacted to histoplas-
min: the frequency of reactions measuring 6 mm and
over ranges from 70% for Kentucky to 8% for
Michigan. Since all six distributions so closely
approximate normal curves with the same mean and
standard deviation, it may be assumed that each
represents the effect of the same single source of
infection: most of these reactions probably are
caused by infection with H. capsulatum.

Results for recruits from the Philippines are com-
pared in Fig. 3 with those from West Virginia and
from Michigan. Although the frequency of measur-
able reactions was about the same for both the
Philippines and West Virginia, 16% and 17%, the
distributions clearly differ. The part of the curve for

FIG. 3
FREQUENCY DISTRIBUTIONS OF SIZES OF HISTOPLASMIN
REACTIONS IN NAVY RECRUITS, LIFETIME RESIDENTS
OF THE PHILIPPINES, WEST VIRGINIA AND MICHIGAN

82.9
83.4

6 Place of Residence Number
tested

* Philippines 2577
5 West Virginio 3295

Michigan 12003

4

2

'4 -

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Induration (mm)

1 For further details about the histoplasmin sensitivity in
recruits from these and the other States in the conterminous
United States, the reader is referred to an earlier report
(Edwards & Palmer, 1963).

FIG. 4
FREQUENCY DISTRIBUTIONS OF SIZES OF HISTOPLASMIN
REACTIONS IN NAVY RECRUITS, LIFETIME RESIDENTS

OF THE PHILIPPINES AND THE SOUTH-WESTERN
UNITED STATES

82.8
83.4
i84.9

4 Place of Residence Number
tested

-%A. (17-2lyrs.old) 2577
Phili p5pines(17-25yrs.old) 4277
.Southwestern
United States 7539

0

0

CL
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reactions of over 12 mm in the Philippines seems to
be displaced towards the left, compared with the cor-
responding parts of the curves for both West Vir-
ginia and Michigan; and the first part of the curve is
not only displaced towards the right but also dis-
torted from the symmetrical form of the other two
curves. These results, together with the details given
in Table 1, suggest that the frequency of specific
histoplasmin sensitivity among the Filipino recruits
is slightly less than it is in Michigan, and that the
relative excess of small reactions in the Filipinos
could be *oss-reactions caused by infection and
sensitization by some other fungus.
With this possibility in mind, Fig. 4 was prepared

to compare the results for recruits from the Philip-
pines with those for recruits from the south-western
part of the United States (southern California,
Arizona, New Mexico, and western Texas) where
coccidioidal infection is knownm to be prevalent.
(Note that the vertical scale of this graph has been
enlarged by 50% over Fig. 3, and the points are plot-
ted by single millimetres.) Beginning with 12 mm,
the two distributions are nearly identical; but be-
tween 2 and 6 mm there is clearly a higher frequency
of reactions among the Filipinos than the other
group. It is also noteworthy that when Filipino
recruits 22-25 years of age are added to the 17-21 year
age-group, the difference between the distributions
for the Filipino and the south-western recruits is
lessened.
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FIG. 5
FREQUENCY DISTRIBUTIONS OF SIZES OF COCCIDIOIDIN
REACTIONS (UPPER) AND HISTOPLASMIN REACTIONS
(LOWER) IN NAVY RECRUITS, LIFETIME RESIDENTS
OF THE PHILIPPINES, WEST VIRGINIA AND THE SOUTH-

WESTERN UNITED STATES

482.6 COCCIDIOIDIN
4 :9394.4 Place ot Residence Number

tested
i 1\ ---*Southwestern 476

3~~~~~.....United States 47

A*- Philippines 364
West Virginlia 395

2 O.

0
.-

0 1 74.2
4 t 808 H IISTOPLASMIN0 A3.2

The implication of this comparison is that cocci-
dioidal infection might be the source of cross-
reactions to histoplasmin in the Filipino recruits.
Fortunately, tests with coccidioidin were made dur-
ing the first six months of the Navy recruit skin-test-
ing programme, from January to June 1958, and
although the numbers tested are relatively small, the
material is sufficient to carry the analysis a step
further. Fig. 5 and Table 2 give results with both
coccidioidin and histoplasmin for the 17-21-year-old
recruits from Hawaii, the Philippines, the south-
western United States, and West Virginia who came
into the Navy during that six-month period.

Sensitivity to coccidioidin was evident in about
15% of the recruits from the south-west but in only
an occasional recruit from the Philippines and West
Virginia and in none from Hawaii. In fact, the clear
difference between the distribution for the south-
west, on the one hand, and for the Philippines and

West Virginia on the other makes it appear very
unlikely that any significant amount of coccidioidal
infection exists in the Philippines or West Virginia,
or in Hawaii. Since the distribution of reactions to
histoplasmin for the same groups (shown in the lower
part of the figure) are much like those in Fig. 3 and 4
for the larger numbers tested over the four-year
period, we may assume that distributions of reac-
tions to coccidioidin in the larger groups would also
have been much like those shown in Fig. 5, had coc-
cidioidin tests not been discontinued after the first
six months of the programme. In other words, we
find no evidence that coccidioidal infection could
account for the high frequency of small reactions in
recruits from the Philippines and Hawaii.

DISCUSSION

The histoplasmin skin test, in common with
several other widely used skin tests for fungal and
mycobacterial infection, appears to cause a measur-
able response in a group of related infections rather
than in just the homologous (specific) infection. In
effect, the histoplasmin test is not specific for infec-
tion with Histoplasma. It elicits cross-reactions in
addition to specific reactions. Even so, as Emmons
(1959) has pointed out (and we agree), " The field use
of the histoplasmin skin test has contributed much
to interest in and knowledge about the mycoses, but
we still do not know the extent to which other fungi
in man's environment contribute to histoplasmin
sensitivity . . . "

In the last several years, we have been reporting
evidence of cross-sensitivity to histoplasmin in some
parts of the United States and elsewhere (Edwards
& Palmer, 1963; Palmer et al.' 1957; Edwards et al.,
1956). As illustrated here, and in the preceding re-
port of histoplasmin sensitivity among recruits from
the conterminous United States (Edwards & Palmer,
1963), pronounced differences may be found in the
sizes of reactions of groups of persons living in
different geographic areas. Such findings are in-
terpreted as evidence of more than one source of
sensitivity to histoplasmin, even though the causative
agent or agents other than Histoplasma and Coc-
cidioides have not been identified. Skin-test studies
with both blastomycin and Blastomyces dermatitidis
polysaccharide, as well as haplosporangin, have
yielded no evidence that either of those two fungi
could be suspected as major sources of the histo-
plasmin cross-reactions observed in this country
(Edwards et al., 1961; Edwards & Palmer, 1962).

10
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TABLE 2
DISTRIBUTION OF SIZES OF REACTIONS TO HISTOPLASMIN AND TO COCCIDIOIDIN IN NAVY RECRUITS FROM

SELECTED REGIONS, JANUARY-JUNE 1958

Reaction to Reaction to histoplasmin (induration in mm)
coccidioidin
(induration .

in mm) 0-1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+ |Total

Hawaii

0-1 35 1 2 1 2 - - - - 41

Philippines

0-1 282 10 10 8 10 - 4 3 2 4 2 1 - - 2 - 1 339
2 3 1. . . . . . . . . . .. 4
3 6 1 3 2 1 . . . . . . 13
4 41 1 1. . . . ..1 4

6 1. . . . . . ..._.__..__..___ _ 1
7
8 1. . . . . . . . . ..__.._.I___ __
9

10 1. .. .. .. . - - -.

Total 294 12 13 9 13 1 4 4 2 5 2 1 - - - 1 2 - - 1 364

South-western United States

0-1 358 4 4 10 2 1 1 3 2 1 1 1 1 3 1 - - 393
2 3 2............. 5
3 3.............. . 3
4 1 1 2............ . 4
5 4 1 16
6 5 - - 1 1 3 10
7 - - 1 3 1 16
8 6 2 1.9
9 2 611 1 16
10 - 2 -- 1 14
11 3 1 1---- 1 17
12 6 -1 1 1 110
13 2 - 2 1 .. 5
14 - - - 1 12
15 1 - - - 2
16 1 - 1 - 2
17 _ - - - 1
18+ 1 . _ _ 1

Total 396 5 8 13 9 8 2 4 8 6 3 5 2 2 4 1 - - - - 476

West Virginia

0-1 279 6 11 5 3 1 - 2 1 8 11 14 5 11 6 6 2 1 1 - 373
2 3- 1.4
3 5 1 - 1 11 9
4 2 ... 2
5 '- 1...-__I_____

7 2... 2
8 __________ --------- 1
9 2... 2

Total 293 7 12 5 4 1 - 3 1 8 13 14 5 11 7 6 2 2 1 - 395
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In the present material, we find essentially no
sensitivity in the recruits from Alaska, only a low
degree of sensitivity (small reactions) in those from
Hawaii, only a high degree (large reactions) in the
Puerto Ricans, and both low and high degrees in
recruits from the Philippines.
The complete absence of histoplasmin sensitivity

in Alaskans supports the results of previous writers
(Comstock, 1959).
The presence of only small reactions in the

Hawaiian recruits doubtless represents some kind of
cross-sensitivity, because of the absence of such
reactions in both the Alaskans and the Puerto
Ricans. Most of the small reactions among the
Filipino recruits also are probably cross-reactions.
In neither instance can coccidioidal infection be sus-
pected as a cause, because of the absence of sensitivity
to coccidioidin in samples of recruits from both
countries.
We have no reason to question the presence of

Histoplasma infection in the Philippines and in
Puerto Rico. The present material corroborates pre-
vious reports from both countries (Bocobo & Reyes,
1950; Halde & Reyes, 1953; Torres Blasini et al.,
1960) and from a number of neighbouring countries
as well.' The frequency of histoplasmal infection

1 See: Bouroncle Carreon (1955); Campins et al. (1956);
Capretti et al. (1962); Edwards & Kiaer (1956); Gonzales-
Ochoa (1959); Joe, Eng et al. (1956); Joe, Tjokronegro et al.
(1956); Kunaratnam et al. (1962); Posadaetal. (1962); Ridley
& Nowell (1959); Taylor (1962); Taylor & Dobrovolny
(1960); Wijsmuller (1958).

apparently is low, about 4%, in the young male
population of the Philippines and nearly 20% in
Puerto Rico. In the Philippines, however, there is
evidence of an additional (unidentified) source of
infection and sensitization in about 10% of the
recruits. If all those who are infected with the other
agent have cross-reactions to histoplasmin, then
the frequency of infection with the unidentified
agent appears to be about 10%. On the other hand,
if only 1 out of 5 cross-reacts, the frequency would
be 50%. In any event, the frequency of infection
with an unknown agent is not negligible in the
Philippines. The same may be said of Hawaii,
although we do not know whether we are dealing
with the same or different etiologic agents in the
two countries.
One final comment could be made about the pre-

sent study. It might have been difficult to attribute
much significance to the differences in findings
among the various groups of recruits had each group
been tested at a different time, or by different per-
sons, or with different batches of histoplasmin.
Fortunately, however, the study programme was
planned to take advantage of a situation in which
recruits coming into the Navy from all over the
country and abroad can be tested during the same
period of time, by the same persons, and with the
same batch of antigen. For this reason we believe
that considerably more confidence can be placed in
the observed differences between groups than would
otherwise have been prudent, or indeed warranted.

RtSUMI

Depuis 4 ans toutes les recrues de la marine americaine
sont soumises a des tests cutanes a 1'histoplasmine, en
plus de la tuberculine et d'autres antigenes. Ces tests sont
effectu6s par une 6quipe d'infirmi&res du Service de sant6
publique qui lisent les reactions et notent le diametre de
chaque induration. Chaque recrue repond a un question-
naire sur ses lieux successifs de residence; cela permet
ensuite de confronter les resultats obtenus chez des sujets
ayant habite, de leur naissance a leur incorporation, des
regions tres differentes. L'histoplasmine utilisee pour le
test est celle du lot PHS H-42, standardisee pour utilisa-
tion apres dilution a 1/100.

L'analyse a porte sur la frequence et la dimension des
reactions a l'histoplasmine chez des jeunes gens ages de

17 'a 21 ans et originaires de 1'Alaska, des lies Hawal, des
Philippines et de Porto Rico. Les reactions ont et6 nulles
chez les sujets originaires de I'Alaska, faibles chez les
Hawalens, ou fortes ou completement absentes chez les
Portoricains, tantot faibles, tant6t fortes chez les jeunes
Philippins. Si l'on ajoute 'a cela les resultats obtenus lors
d'une precedente enquete sur les recrues provenant des
48 anciens Etats, l'on estime que le groupe de grandes
reactions des recrues de Porto Rico et des Philippines cor-
respond a une infection specifique par Histoplasma.
Cependant la frequence relative de petites reactions chez
des sujets originaires de Hawai ou chez certains Philip-
pins plaide en faveur d'une sensibilisation croisee apres
infection par un ou plusieurs facteurs non identifies.
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