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AFETEIt 10 patients witlh North American
J/1 blastomycosis, all from the samiie area in
Pitt County, N. C., were admitted within a
mnontlh anid a lialf to IDuke Hospital, we thought
a survey for blastomycosis wvould be (lesiralble.

Since the epidemic includedc a child as young
as T years anid a imiani aged 77 (1), plains wNvere
micade to examiine all persons -within a 4-mile
riadius froii the center of Grifton in Pitt
C(ounty. About 750 wvere expected. Knowl-
edge about the epidemic became so widespread
ani(l commlilunity inteIrest so intenise, lhowvever,
that 1,648 people -appeared. AMany caiie from
nearby areas. The survey wvas conducted dur-
inig the wveek of April 12-16, 1954.

Methods of Study

The survey incluided skini tests wvitlh Blas-
tortyces vaccinie, hiistoplasmini, aind ol0( tuber-
culin; coinplenment fixationi (CF) tests of blood
specimeiis; anid 70-inimm. clhest X-rays. Clhildr en
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uniider 6 y-ears were Inot X-iayed because of the
teclhnical difficulty in taking satisfactory pic-
tures, but cllildren in that age grotup were skin
tested. Whleni feasible, their blood samples
were obtained also.
The B lastomiyces vaccine anid histoplasmiin

tests were placed on the riglht forearmii at widely
sep)arated points. Tlhe tuberculini tests were
made on the left forearmu.
A 0.1 ml. portioin of each of the 3 antigens

was inijected intracutaneously. In no instance
were differenit anti c-ens used in the same syringe.
All syringes were new anid were nmarked with a
diamonnd poinlt to indicate which antigen was
to be used. After initial use eaclh syrinige was
resterilized w itlh otlher syriinges used for the
samile aintigein. The syringe was autoclaved be-
fore it was refilled.
The skini tests were reld by mineasui-ingc the

diaiiieter of aireas of erytlhemiia anid inidii-ation
itlh a illiimeteri-rler. Skini tests were coni-

sidered positive whein inldurationi was 5 mm.
or miiore, or doubtful whleni erytlhema was 10
mminl. or more anid indur-ation- less tlhain 5 mIml.
All otlher restults were conisidered niegative.

Because of the unaniticipated responise to the
survey, it was necessary to use 3 lots of hiisto-
plasmiiin. Patients (group 1) niumbered 1 to
6.50 were tested with lot HKC-5 diluted 1: 500.
Patienits (group 2) niumbered 651 to 1,200 were
tested with lot 11-42 diluted 1: 100, anid pa-
tieints (g,roup 3) niuimibered 1,201 to 1,648 were
tested witlh lot H-42 also, but the histoplasmin
was diluted 1: 1,000.
Lot HKC-o and lot H-42 of histoplasmin
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Table 1. Blastomycin and histoplasmin reactions in entire study population

Blastomycini (mm. inidurationi)

1 4
5-9
10-14
15-19
20+

InkInownNIl

Total

Histoplasmiii (mm. induration)

0 1-4

809
224
18
4

3

1, 058

65
167

3
1

5-9

35
10
5

237 501

10-14

10
14
3

15-19 20+

6
2
1

I
65
16
4

27 9 2 265

were supplied by Dr. AMichlael 1L. Furcolow,
chief of the Kansas City Field Station of the
Comitiiiunicable Disease Center, Public HIealtl
Service.
Undiluted old tubercutlin (Wyetlh, IInC.) was

supplied by Dr. Williamn Al. Peck of the North
Carolina Sanatorium for Tuberculosis at AMc-
Cain and was diluted 1: 1,000 before use.

The Bla8tomwyces vaccine was prepared in
Dr. Conanit's laboratory from 6-day yeast plhase
cultures grown in br aini-lheart inifusion on

blood-agar slants at 370 C. The yeast cells
wer e then killed by suspension for 2 hours in a

saline solution heated to a temperature of 56'
C. The vaccine dilution, thouglh not strictly an

extract, will be referred to hereafter as blas-
tomycin.
CF tests witlh B1a,3toniyces anitigeni were per-

formed by Dr. Joseph Schubert at the labora-
tories of the Commlunicable Disease Center,
Public Health Service, Atlanta.

Results of Tests

Logistic difficulties made it impossible to test
everyone with eachl antigen; tlherefore 1,465
persons were tested witlh blastomycin, 1,383
witlh histoplasmiin, and 1,325 witlh tuberculin.
Forty-two had positive reactions to blastomy-
cil (2.9 percent), 88 to Itistoplasmin (6.4 per-

cent), and 340 to tuberculin (25.6 percent.)
The fact that acquired histoplasmini senisi-

tivity in some persons will give a cross reactioni
to blastomycini is well kniown (2, 3). On the
otlher hand, the converse situation of a positive
blastomyciin skin test withl a negative hiisto-
plasmini skin test lhas been observed not in-

fre(quiently at D)uke Hospital in lpatients witlh
cliniical blastomycosis tlhouiglh similar inistanices
have beein reported rarely the literatuire (4,
5). Of the 1,380 personis tested witlh both hiis-

top)lasmin and blastomycin in the suri vey, 11 had
positive tests witlh botlh anitigenis anid 27 hladal1
blastomycini skini test of 5 mm. or more of in-
duiration- anid a histoplasmin test slhowinig 4 mi-m.

or less of iniduirationi (table 1). I)espite the in-
sim llificanit reactionis to hiistoplasmlin, in 6 of
the 27 iniduiratioii fr omii the blastomycin was

larger thani 10 mum. Conversely, 77 inidividuals
reacted to histoplasmin buit not to blastomycini.
Tlhirty-tw-o of these hlad more than 10 mnm. of
induiration witli hiistoplasmiinl. Tlle degree of
cross sensitivity must, tlherefore, be snmall.
As pireviously nioted, hiistoplasmini antigens

wreie used in the survey: HKC-5 (hnluted 1: 500
H-42 dilluted 1: 100, and H 42 diluted1 1,000
(tables 2, 3, aind 4). Since H-42 1: 100 and

HKC-5 1: 500 were conisidered to give analo-
gotIs reactions, nio colipl)arison of the relative
size of inidurationi was miiade (6). The differ-
ence in size of reactioni to H-42 1: 100 anid H-42
1: 1,000 mighlt be of conisiderable milagniiituide,
lhowever.
To test that possibility, 13 persons, most of

whiom were known to react positively to hiisto-
plasnmin, were teste(d witlh 1: 1,000 and 1: 100
diluitions of lot H-42. The more conicentrated
sollutioll wa(Is inljected inlto the right foirearm of

7 inidividltals and inito the left forearm of 6.
Botlh tests were negati-e in 3 of the 13 p)ersois,
but in 3 otlhers induration measured less than 5

mm-I. witlh the 1: 1,000 (dilutioni aiid more tlhan
5 mml. witlh the 1: 100 (hilutioni. The rema-aininig
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7 had positive reactions to botlh antigens, but in
general the induration was several millimeters
larger at the site of the 1: 100 dilution.
Dependence of reactivity on the concentra-

tion of the dose was also evident in the 3 test
groups. Eighty-eight, or 6.36 percent, of all
1,383 individuals tested witli histoplasmin were
positive. The percentage of positive reactions
in group 1 was 6.69 (41 613, table 2). The
percentage in group 2 was 7.57 (29 383, table
3) whereas in group 3 it was 4.65 (18 387, table
4). The lower percentage of positive reaction
in group 3 may have resulted from the more
diluted antigen of histoplasmin.

Nevertheless, the variable of a more dilute
antigen in the 387 tests in group 3 does not in-
fluence the preceding conclusions concerning
cross reactions since only 8 of the 27 individuals
with positive blastomycin and negative histo-
plasmin reactions were tested with the weaker
strength of histoplasmin. Seven of the eight

had no reaction to the hiistoplasmini. Since all
controls having a positive reaction to the more
concentrated dose of histoplasmin also had
some induration from the weaker material, it is
doubtful that the 7 would lhave shown positive
reactions to the 1: 100 dilution. The individual
who showed less than 4 millimeters of indura-
tion from the 1: 1,000 dilution might have been
definitely positive to histoplasmin if he had been
injected with the 1: 100 dilution. However,
that possibility would not invalidate the gen-
eral conclusion that individuals can be highly
sensitive to blastomycin without demonstrating
histoplasmin sensitivity. The frequency of the
converse situation (histoplasmin sensitivity and
blastomycin negativity) is obvious from the
tables.
On the otlher hand, some degree of association

between histoplasmin and blastomycini sensi-
tivity in a population can be shown statistically
from probability tables. For example, from

Table 2. Blastomycin and histoplasmin reactions in group 1: histoplasmin lot HKC-5
diluted 1:500

Histoplasmin (mm. induration)
Blastomycin (mm. induration)

0 1-4 5-9 10-14 15-19 20+ Unknown Total

0 -272 39 11 6 1 329
1-4- 114 137 4 7 6 1 269
5-9 -6 2 3 1--- 12
10-14-- 1-- 1 2
15-19
20+ --1-----1
Unknown ------- 32

Total - 392 180 18 14 7 2 32 645

Table 3. Blastomycin and histoplasmin reactions in group 2: histoplasmin lot H-42
diluted 1:100

Histoplasmin (mm. indurationi)
Blastomycin (mm. induration)

0 1-4 5- 9 10-14 15-19 20+ Unknown Total

0-248 21 15 3 --15 302
1-4 -5323 4 4--2 86

5-9--------------- 6----------- 1 2 1 10
10-14- 3 ------3

20 +-~~
Unknown ------ 42 42

Total -310 44 19 8 2 60 443
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table 5 it can be seen that considerably more
persons reacted positively to both antigens than
can be explained on a random basis from the
number of reactors to each antigen separately.
Eleven individuals reacted to both antigens
whereas only 2.4 would have been expected in
this group. The differenice is highly significant
statistically (chi square equals 30.0).
This association mnay be caused not only by

a general hypersensitivity of the skin in these
individuals or by a similarity in the antigenic
components in the two test materials, but also by
a common mode of spread of the diseases so that
there would be a statistically significant in-
creased probability of exposure to botlh diseases
over the random chanice of acquirinig the two on
independent bases. Of the 11 individuals who
reacted to both blastomycin and histoplasmin,
7 had negative tuberculin tests, 3 had positive
tuberculin tests, and 1 was not tested for tuber-
culosis. These figures are similar to those of
the general population and do not indicate gen-
eral hypersensitivity of the skini in these indi-

viduals. The failure of the blastomycin and
histoplasmin tests to slhow cross reactivity in
104 individuals out of the 115 that were positive
for either test (table 5) speaks against the pres-
ence of strong common antigens while recent
reports of simultaneous infections with blasto-
mycosis and histoplasmosis in humans and dogs
is strong evidence for the last postulate of a
common mode of transmission (7, 8).
The age variation in the percentage of re-

actors in the study of tuberculin, histoplasmin,
and blastomycin is shown in the figure. The
high prevalence and rapid increase of tubercu-
lin sensitivity with age is well known for Pitt
County. The graph shows a gradual and poorly
defined increase in both histoplasmin and blas-
tomycin reactivity with age. The poorly de-
fined histoplasmin reactivity is in marked con-
trast to the conditions pertaining in the Missis-
sippi Valley areas (9). The lack of correlation
between the reactions of tuberculin and of his-
toplasmin or blastomycin sensitivity is well
demonstrated by the chart.

Table 4. Blastomycin and histoplasmin reactions in group 3: histoplasmin lot H-42
diluted 1:1,000

Histoplasmrin (mm.. indurationi)
Blastomycin (mm. induration) _ _-

0 1-4 5-9 10-14 15-19 20+ Unknown Total

0 -289 5 9 1 50 354
1-4- 57 7 2 3 14 83
5-9 --------------- 6 1 2 1 ---------- 3 13
10-14-------------- 1-------------------------

20+
Unknown --- 106 109

Total -356 13 13 5 --- - 173 560

Table 5. Correlation between prevalence of blastomycin and histoplasmin sensitivity

Histoplasmin

Blastomycin Positive Negative
-T ta

Observed Expected Observed Expected

Positive -11 2. 4 27 35. 6 38
Negative -77 85. 6 1, 265 1, 256. 4 1, 342

Total -88 88. 0 1, 292 1, 292. 0 1, 380
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Variation with age in prevalence of positive skin
reactions to tuberculin (TBC), histoplasmin
(Histo.) and blastomycin (Blast.).
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Blastoimycosis CF tests were performed on
1,275 serums of the 1,648 individuals in the sur-
vey. Twelve serums were anticomplementary,
1,220 were negative, and 43 were positive to the
CF tests. The titers ranged from undiluted to
32-fold dilutions. The number of positive skin
tests in each group showing different degrees of
titer are presented in table 6. Complement fix-
ation showed no obvious correlation with blas-
tomycin or tuberculin skin sensitivity. How-
ever, although the percentage of positive tuber-

culin tests and of positive blastomycin tests in
the group showing complement fixation is sim-
ilar to the percentage in the general study popu-
lation, the percentage of histoplasmin reactors
is much greater in the former group (30.2 per-
cent) than in the latter (6.4 percent). Further,
the individuals having positive CF titers failed
to show a much greater prevalence of positive
blastomycin skin sensitivity than did the gen-
eral population (table 6). The significance and
meaning of these observations await clari-
fication.
The survey included 1,465 (70 mm.) fluoro-

plhotographs; 1,393 (95.1 percent) were nega-
tive, 4 were unsatisfactory, and 68 showed some
evidence of pathology involving either the heart
or lungs. Forty-six large roentgenograms were
taken of suspicious lung lesions. However, al-
though many small scars were noted, only one
individual was found to have active pulmonary
tuberculosis. This result was most surprising
in view of the high percentage of tuberculin
reactors (25.6 percent) in the study population.
Only 17 of the 72 individuals with suspicious
fluorophotographs had positive tuberculin tests,
6 had positive histoplasmin tests, and 6 were
positive to blastomycin. No instances of pul-
monary blastomycosis or histoplasmosis were
uncovered although a 31-year-old male who
moved to Grifton one month (March 1954)
before the survey developed cough and chest
pain shortlv thereafter. He did not attend the

Table 6. Relationship between skin sensitivity and Blastomyces complement fixation test

Persons with positive reactions Persons
._______ ____w ithPersons

Complement fixation titer negative without Total
Tuber- Histo- Blasto- skin tests skin tests
culin plasmin mycin

Undiluted -2 3 2 7
1:2 -6 2 6 14
1:4 - -2 6 1 9
1:8 ---------------- ----- -- 1 4 1 0 2 8
1:16 -- 1 1 1 0 1 4
1:32 - -1 - 0 1

Total -- ------------------ - 10 13 2 14 4 43

Percent of total showing positive skin
tests I ---- 23. 3 30. 2 4. 7

Percent of total population showing positive
skin tests -25. 6 6. 4 2. 9 --------------------------
1 Percent of total showing positive blastomycin complement fixation who showed a positive skin sensitivity test.
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survey because of his recent arrival. In July
1954 lhe w1as diagnosed at Duke Hospital as hav-
ingr blastomycosis.

Summary

In ani epidemnic area in Pitt County, N. C.,
1,648 incdividuals were surveyed for Nortl
Americani blastonmycosis by Duke LTn-iversity
School of Medicine. Blastomycin skin tests and
complement fixationi tests were made, and 70-
nim. fluoroplhotograplis were takeni. Sensitiv-
itv to histoplasmin anid tuberculin was deter-
minied simultaneously.
Of the population, 2.9 percent were senisitive

to bltistomycin., 6.4 percent were sensitive to hiis-
toplasniii, and 25.6 percent had positive reac-
tioIns to tuiberculiin. Tlhe Blastomyce8 CF test
did not correlate witlh skin sensitivity. No in-
dividulals witlh cutaneous or pulnmonary blasto-
mycosis weere discovered, and only one individ-
ual witlh active pulmonary tuberculosis was
founid.
The correlation between blastomiiycin and hiis-

toplasmlin sensitivity was carefully studied, but
there was little evidence in this suirvey that
antigenis commiion to blastomycin anid hiistoplas-
miin wouldl explain completely the unexpectedly
(treater number (11) of individuals who were
senisitive to botlh histoplasmin and blastomycin.
The evidenice may implicate a common mode of
contact with the agenits causing sensitivity to
these two materials. Tlhere was no correlation

between senisitivity to tuberculin and senisitivity
to eitlher blastomycin or Ihistoplasmin.
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Dr. C.-E. A. Winslow has made an immeasurable contribtutioni; hiis
geniius and untiring efforts have placed an indelible mark on the en-
tire world of public health. MaIny thousands of health workers, like
myself, are forever indebted to his teaching, his gtuidance, and his vise
coulnsel. To the generationis that come after IIs, his wisdom will hiave
an undying influenice and stimulus. We have lost a great mail wlihoml
we have loved, honored, and revered, and wlhose memory we will al-
ways cherish.

-Surgeon General Leroy F. Buriney
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