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tial for the appearance of the d.i. in its maximal form which results 
from derangement of structures in the region of the hypophysis, and 
that the pars anterior plays its r6le through the thyroid by way of the 
thyrotropic principle. It also seems justifiable to say that the experi- 
ment further establishes d.i. as being due to a deprivation of the 
antidiuretic pr in~iple .~ Certainly the nature of the experiment and 
particularly the time that elapsed between operations and extract in- 
jections rules out any possibility of the polydipsia being due to irri- 
tative phenomena. 
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Pathogenic Staphylococci in the Anterior Nares : Their Incidence 
and Differentiation.* 

FRANCES A. HALLMAN. (Introduced by John E. Blair.) 
From the Laboratory Division of the Hospital for Joint  Diseases. 

I. INCIDENCE. Because there is no recorded incidence of patho- 
genic staphylococci in the normal nose a study of their frequency 
was undertaken in order to establish a standard with which the in- 
cidence in infectious conditions might be compared. Such a stand- 
ard will aid in the interpretation of the reports of Dolman,' Dan- 
bolt,' and Valenti~ie,~ on the r6le of the nares as a source of infection 
in recurrent furunculosis. 

Cultures were made from the nares of 468 persons without evi- 
dence of upper respiratory infection or of staphylococcal infection 
elsewhere. The staphylococci isolated from these cultures were dif- 
ferentiated into pathogenic and non-pathogenic forms by means of 
the plasma-coagulation test. This test has been found by various 
investigators to be a reliable method for such differentiati~n.~-~ 

SFisher, C., and Ingram, W. R., Endocrinology, 1936, 20, 762. 
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Using the results of this cultural study of uninfected persons as 
a normal standard for comparison, the incidence of pathogenic 
staphylococci was likewise determined in a group of 51 persons with 
chronic staphylococcal osteomyelitis, in whom the nares might be 
considered as a possible focus of infection. 

S~bjects .  The subjects who were cultured, with the exception of 
a group of 109 adult college students, were patients in the Hospital 
for Joint Diseases. -4s previously stated, the group which is con- 
sidered as uninfected consisted of persons who had no evidence of 
infection in the nares and who were without evidence of staphylo- 
coccal infection elsewhere. The group with chronic osteomyelitis 
were all proved by culture of the lesion to be infected with staphylo- 
cocci. If environmental influence is to be considered it should be 
emphasized that all of the subjects in this series were residents of 
New York City. 

Swabbings were ma& from both sides of the nasal 
cavity and were streaked on plates of beef-extract agar adjusted to 
pH 7.2. After 24 hours' incubation smears were made of individual 
colonies and were stained I)y Gram's method. Staphylococci thus 
identified were fished and streaked on dextrose-brain-heart-infusion 
(Difco) agar slants for maintenance of the cultures. The cultures 
from the children of this series were subcultures from the routine 
nasal cultures which are taken with throat cultures on all children 
admitted to the hospital. These were plated on beef-extract agar 
and were treated as above. 

The plasnia-coagulation reaction as described by Gross' was 
used as an index of pathogenicity of the staphylococci. T o  0.5 cc. 
of fresh citrated rabbit's blood was added one loopful of a 24-hour 
agar culture of each strain tested. This was incubated in a water- 
bath at  37°C. for 3 hours. The reaction was considered positive if 
a solid plasma-clot was formed within this time. Testing was done 
on each strain within 4 or 5 days after isolation. The cultural re- 
sults are shown in Table 1. 

On comparing the figures 
shown in Table I it is noted that in all age-groups there is a com- 
parable percentage harboring staphylococci of some kind in the 
nares. Nevertheless, there is a 20% greater incidence of patho- 
genic staphylococci in the persons under 20 years of age than in 
those who are older. The age or ages at which this change occurs 
was not determined because of insufficient data. However, it was 
found that there is no chronologic decrease (or increase) in the in- 
cidence of pathogenic staphylococci in the ages of one through 12 
years, hut rather a sharp variation around the mean. 

Metltods. 

Comparisoiz of iiacidcizce by ages. 
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Iitcideizce in. staplzylococcrrl ostcoiiiyclitis. In persons under 20 
years of age with staphylococcal osteomyelitis there appears to be a 
tendency to a lower incidence of pathogenic staphylococci in the nares 
than in uninfected persons of the Same ages ; ivhereas the incidence 
of pathogenic staphylococci in the nares of adults with chronic 
osteomyelitis tends to be slightly higher than in uninfected persons 
of the same ages. 

There is 110 dif- 
ference in the percentage of young boys and girls whose nasal d- 
tures show pathogenic staphylococci, there k i n g  58% of the boys 
and 56% of the girls having pathogenic forms in the nares. HOW- 
ever, in the boys of  the “teen” ages there is an incidence of 68% as 
against 47% in the girls of the same ages. 

111 spite of the differences in environ- 
ment and vigor which existed Iiet\veen the adult subjects of the 
student and hospital-\vard groups, it may 1~ noted that the incidence 
of all staphylococci as \yell as the incidence of pathogenic staphylo- 
cocci are similar in each group. 

11. DIFFERENTIATIOX. Several tests jvere used to check the 
results of the coagulase-test of pathogenicity. Sufficient material 
was gathered to make a comparative evaluation of these tests as 
means of differentiation. The  supplementary tests included chronio- 
genesis, plate-hemolysis, fermentation of mannite, the crystal-violet- 
agar reaction. and the production of hemotosin and tlermonecro- 
toxin. The results of these tests, together with their correlation 
with the plasma-coagulatioii test. are given lxlon-. 

The testing of 233 strains 
at intervals from one week to one month after isolation showed 
the reaction to be constant in  94.4% of the strains. The few variable 
strains more frequently gave a falsely negative than a falsely posi- 
tive reaction on the first test. 

Heretofore the differentiation of staphylococci 
isolated from the nares has k e n  chiefly between the albus and aweus 

No further differentiation into pathogenic and non- 
pathogenic strains was made. In this study the color-chart and 
arbitrary color-groupings of Winslow and Winlow’‘ were used as 
aids in classifying the colonial color of 215 strains of staphylococci 
which were isolated from the nares. Of these strains 156 fell into 

Coinparisorl of iizcidciicc i l l  childrejl by scscs. 

Efect  of 1Iospitnli.wtioiz. 

Tlic colisfniicy of tlic rongiiltrsc-tcst. 

Clzroinogeizcsis. 

l o p l l  
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the “orange” group. The coagulase-test showed 81% of these to 
be pathogenic. Of the 53 strains which were in the “yellow” group, 
17% were pathogens. Except for 6 “white” strains, all of which 
were non-pathogenic by the coagulase-test, the pathogenic and non- 
pathogenic staphylococci covered an identical color-range. Be- 
cause of this and because such a relatively large percent of the 
“orange” strains are non-pathogenic we feel that too much reliance 
should not be placed upon chromogenesis as a means of differen- 
tiation. 

In order to determine the relationship of the 
aerobic hemolytic activity of staphylococci on human blood-agar 
plates to pathogenicity as indicated by the coagulase-test, 480 
staphylococci consecutively isolated from the nasal passages were 
plated on blood agar. There were 439 strains which showed hemoly- 
sis. Among these strains 144 (32.8%) gave negative coagulase- 
reactions indicating them to be non-pathogenic. Of the 41 strains 
showing no heniolysis, 20 were pathogenic and 21 were non-patho- 
genic by the coagulase-reaction. 

From these results it would seem that plate-heniolysis per se is of 
little significance. We feel that this reaction as a supplementary 
means of differentiation has lxen overemphasized. This is contrary 
to the opinion of Chapman and his coworkers,’ who include plate- 
heniolysis among the important supplementary methods for dif- 
ferentiation. 

The opinion of Hine,13 Dudgeon and 
Sinipson,14 and others that the fermentation of mannite with acid- 
protluction is indicative of pathogenic staphylococci, and not of 
non-pathogenic staphylococci. was confirmed in this study. There 
was agreement with the results of the coagulase-test in 90.97% of 
the 487 strains which were tested for mannite-fermentation. While 
the majority of these strains fermented mannite in 21 hours many of 
them were incubated from 2 to 7 days before fermentation occurred. 

The crystal-violet-agar method of dif- 
ferentiation of Chapman and Berens” was used for the testing of  
142 strains of staphylococci of this series. There was agreement 
in the results of the crystal-violet reaction and the coagulase test in 
88.03% of the strains tested. 

One hundred 
and thirteen strains of staphylococci were tested for their ability to 

Plnfc-hcnzo[ysis. 

Fcrn~c~~tn t ior i  of iwziiiiitc. 

Crystal-zriolet rcnction. 

Productioiz of lzewzotoxitz mzd dernzonecrotoxin. 

IsHine,  T. G. M., Lancet, 1922, 2, 1380. 
14Dudgeon. L. S., and Simpson, J. W. H., J. Hyg., 1928, 27, 160. 
laChapman, G. H., and Berens, C., J. Bact., 1935, 29, 437. 
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produce hemotoxin (adpha hemolysin) and dernionecrotoxin. Toxins 
were prepared by a modification of the technic of Parker, Hopkins, 
and Gunther.16 Cultures Lvere grown in semisolid agar in an at- 
mosphere of 30% CO,. After incu+bation at 37°C. for 48 hours the 
cultures were centri fugalized at high speed and the supernatants were 
tested for hemotoxin and dermonecrotoxin. The hemolysis of a 
1 % suspension of washed rahhit-erythrocytes after incubation for 
one hour at 37°C. by the supernatants was taken to indicate the 
presence of hemotoxin. The production of an area of necrosis in 
the skin of an albino guinea pig following intradermal injection of 
0.2 cc. of the supernatants was taken to indicate the presence of 
dermonecrotoxin. 

There was no correlation lietween the production of hemotoxin 
and the hemolysis of human blood-agar plates. 

There Lvere 13 strain5 \ \ h i c h  shocved the production of strong 
hemolysin hut n h i c h  sho\vetl n o  tlermonecrotoxin. These were 
equally divitletl I,et\veen coagulase-positive and coagulase-negative 
strains. The remaining 101 strains showed good correlation be- 
tween the production of hemotoxin and tlerrnonecrotoxin. These 
also checked \vith the results o i  the coagulase-test. This confirms 
the \vork o i  Burnet" ivho stated, "although tiltrates having no skin- 
necrosiiig- action may lie active Iieniolysins, no skin-active filtrates 
lacking hemolysin have been reported." 

(1  ) Forty percent of persons over 19 years of age 
who have no evidence of infection in the nares, or of staphylococcal 
infection elsewhere, harlmr pathogenic staphylococci in the nares. 
There is a tendency to a slightly higher incidence in persons of the 
same ages with staphylococcal osteompelitis. ( 2 ) Sixty percent of 
persons under 20 years of age \vho have no evidence of infection in 
the nares, or of staphylococcal iiifection elsewhere, harhor patho- 
genic staphylococci in the nares. There is a tendency to a slightly 
lower incidence in persons of the same ages with staphylococcal os- 
teomyelitis. ( 3 )  While the t)lasma-coagulation reaction was the 
preferred method of differentiating between pathogenic and non- 
pathogenic strains of staphylococci, the fermentation of mannite, 
the crystal-violet reaction and the production of dermonecrotoxin 
are also reliable confirmatory methods for such differentiati0n.t 

SU~PL~~ZLZPJ~.  
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