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coniplement-fixation on the above sera were 
in close agreement regardless of whether the 
F1, B or C antigens were used in the test. 

The  results of the tests with Sn sera are 
perhaps more illustrative than the above 
cited instances. Serum samples were obtained 
from the same individual a t  various inter- 
vals during and after illness. I t  may be ob- 
served that the Sn serum drawn during the 
second febrile rise was free from complement- 
fixing, as well as neutralizing antibodies. On 
the other hand, serum taken 2 2  days later 
showed positive complement-fixation in 1 :8 
dilution but neutralized only 14 LDso doses 
of virus in mice. The complement-fixing 
antibody titer showed no significant differ- 
ence between the 22nd and 76th days after 
diagnosis, but the neutralizing index of the 
serum increased from 14 to 1,000 during the 
same period. .4gain, the results of comple- 
ment-fixation with the 3 samples of Sn serum 
were the same regardless of whether B or C 
antigens were employed in performing the 
test. 

Summary and Conclusions. Specific diag- 
nostic complement-fixing antigens for Col- 
orado tick fever have been prepared from in- 

fected mouse brains. The benzene-extracted 
antigens employed gave no false positive re- 
actions in the presence of highly positive 
human syphilitic sera. Cross fixation tests 
between Colorado tick fever immune serum 
and the heterologous antigens of viral and 
rickettsia1 origin indicate that Colorado tick 
fever is a distinct entity and the virus is not 
related to any of the other infectious agents 
tested. These results confirm those obtained 
with the mouse neutralization test previously 
r e p ~ r t e d . ~ ~ . ' ~  Close correlation was obtained 
in the complement-fixation and mouse neu- 
tralization tests with human convalescent 
sera. The complement-fixing and neutraliz- 
ing antibodies apparently appear in the blood 
of humans a t  about the 9th to 14th day after 
diagnosis of illness and may remain dem- 
onstrable as long as 34 months later. 

The  complement-fixation test, as well as 
the mouse neutralization test, may prove of 
value in epidemiological studies on the in- 
cidence and geographic distribution of Col- 
orado tick fever. Furthermore, if results with 
animal sera parallel those obtained with 
human sera, the tests may .be applied to study 
the ecology of Colorado tick fever. 
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Studies on Bacterial Resistance to Streptomycin." 

CAROLINE -4. CHANDLER AND EMANUEL B. SCHOENBACH, (Introduced by P. H. 
Long) 

Front the Depccrtnioit of Preve9itiz.e Mediciuc, The  Joh i s  Hoppins Universi iy  School of 
Medicine, Bal t imore,  .Wd. 

The rapid development of resistance to 
streptomycin by various organisms, both in 
vitro and clinically, has recently been report- 
ed by a num'ber of workers.1-4 Miller and 

* These investigations were supported by grants 
f rom Abbott Laboratories, E l i  Lilly and Compan?, 
T,oCI~i-le Laboratories, IIIC., Parke, Davis and  Coni- 
paiiy! and the Upjohn Company. 

1 >filler, C. P.? nai l  Roliiil~off. A t . ,  J .  . I .  .I[. .I..  
1946, 130, 485. 

2 Klein, M., and Kimmelman, L. J., J .  Bact., 
1946,51, 581. 

Bohnhoffl have shown that gonococci and 
meningococci, originally susceptible to 8-40 
units per cc can become resistant to concen- 
trations of streptomycin as high as 75,000 
units per cc within 4 to 6 transfers. Klein 
and Kimmelman2*3 found that with the 12 
strains of Shigella studied, resistance was in- 
creased from concentrations of 3-7 units to 

3 Klein, M., and Kimmelmnn! L. J., J .  Bact., 

4 Alexander, H. E., J .  Pediatrics, 1946, 29, 192. 
1946, 52, 471. 
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1,000 units of streptomycin per cc, in from 
2 to 11 transfers? dependins on the particular 
strain. Clinically, .41exander4 reported the 
isolation. from 2 patients, of 2 strains of 
H .  influenzae which had the capacity to 
thrive in the presence of streptomycin in a 
concentration of 1,000 units per cc. The 
study reported in the present paper was un- 
dertaken to determine: (1)  the ease with 
which resistance to streptomycin could be de- 
veloped by various organisms; ( 2 )  the degree 
and duration of such resistance: and (3 )  the 
ability of resistant strains to grow in freshly 
defi'brinated blood from a normal adult as 
compared with that of their parent, suscepti- 
ble strains. 

Materials and Methods. The strain of 
staphylococcus used throughout the tests 
was a Staphylococcus aureus (Merck test 
strain SM) obtained from Sydenham Hos- 
pita1.t The strain of H .  injluenzae, type b, 
was isolated from a patient with influenza1 
meningitis in Sydenham Hospital. The pneu- 
mmccus,  strain SVI, was a type I organism 
originally isolated in 1938 and kept since 
then on artificial media, with frequent pas- 
sage through mice to maintain its virulence, 
until the beginning of the experimental peri- 
od. The beta hemolytic streptococcus used 
was a Group A, type 14 strain obtained from 
Dr. Rebecca Lancefield in 1938. It was re- 
ceived in lyophilized form and was maintained 
in that state until the beginning of this study. 
Following initial experiments all cultures 
were transferred at  3- to 4-week intervals 
on suitable culture media not containing 
streptomycin. No attempt was made to 
maintain the original virulence of the strains 
during the experimental period. 

The susceptibility of the strains to strep- 
tomycin was determined by the use of a 
series of tubes of nutrient broth containing 
falling concentrations of streptomycin, rang- 
ing from 125 to 6.25 p g  per cc expressed as 
pure base.: Each tube contained 10% less 

t These strnins from Sydenham Hospital were 
obtained through the  courtesy of Dr. Horace L. 
Hodcs and Miss Helen Zepp. 
: The preparation of streptomycin employed had 

a potency of 1000 units per milligram of pure base. 
(Pfizer, lot No. 4613.) 

streptomycin as measured against the initial 
tube in a regular progression so that the in- 
terval 125 to 6.25 represented 15 tubes. Each 
tube was inoculated with 0.05 cc of an 18- 
hour broth culture in such dilution as to 
yield an inoculum of 200,000 to 2 million 
organisms per tube. The tubes were incu- 
bated at  37°C and readings were made a t  
the end of 24 hours. End points by this 
method were so apparent that plating of the 
mixtures of organisms and streptomycin af- 
ter 24 hours incubation was not necessary. 
When, toward the end of this study, it be- 
came necessary to enumerate bacterial col- 
onies, streptomycin dilutions in one cc amounts 
were added directly to tubes containing 9 cc 
melted nutrient agar and after thorough mix- 
ing were poured into sterile petri dishes. 
Quantitated inocula of strains to be exam- 
ined were then streaked on the surfaces of 
these plates. The number of micrograms 
of streptomycin in a series of plates varied 
from 10 to 1000 per cubic centimeter. 

After the initial susceptibility of the vari- 
ous test strains to the action of streptomycin 
had been determined, each strain was trans- 
ferred daily to ,broth tubes containing in- 
creasing concentrations of streptomycin. To 
provide adequate growth factors, 20% rabbit 
serum was added to the broth in which strep- 
tococci and pneumococci were grown, 5% 
Fildes' peptic digest was added to the broth 
in which the influenza bacilli were grown, 
but infusion 'broth alone proved adequate for 
the growth of the staphylococci. Control cul- 
tures containing no streptomycin were also 
transferred at  daily intervals on all test 
strains. 

The bactericidal power of freshly de- 
fibrinated human blood on all strains, both 
before and after the acquisition of resistance, 
was determined in parallel each time with 
the same blood specimen. Five hundredths 
cc of each 10-fold serial dilution (10-1 to 
lo-';) of an 18-hour broth culture was added 
to 0.25 cc of freshly defibrinated human 
blood in each of 6 sterile pyrex tubes. These 
tubes were sealed, placed in a rotating box 
and maintained a t  37°C for 24 hours. After 
preliminary o'bservation, incubation without 
rotation was continued for another 24 hours, 
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after which the tubes were opened and the 
contents cultured on blood agar plates. In 
order to determine the number of organisms 
added to each tube of blood. count plates 
were made of the 10 ' and 10 '' dilutions. 

Rcsults. (1 )  when tested initially. the 
staphylococcus was inhibited by 8 pg of 
streptomycin per cc; the H .  influenzae by 
1 pg; the pneumococcus by 37 pg;  and the 
streptococcus by 25  pg per cc. -4fter 6 
daily transfers in the presence of streptom>- 
cin, the pneumococcus and the streptococcus 
grew in maximal concentrations of 125  pp 
per cc. The staphylococcus, originally in- 
hibited by 8 pg, was able to multiply in 1,000 
pg per cc after 12 daily transfers. The H .  
influcnzac, initially inhibited b!. 1 pp. grew 
in 60 pg per cc after 14 daily transfers. Un- 
fortunately, a t  this time both the parent and 
resistant strains of H .  influcnzuc were lost 
and further studies could not be carried out. 

(2)  The susceptibility to streptomycin was 
retested on all strains (parent. parallel con- 
trol and resistant) after they had been trans- 
ferred repeatedly in the absence of strep- 
tomycin for 6 months. It was found that 
the parent and control strains of the strep- 
tococcus, pneumococcus and staphylococcus 
were still inhibited by the same concentra- 
tions of the antibiotic. The resistant strep- 
tococcus. although not in contact with strep- 
tomycin for this period, had not only niain- 
tained its ability to grow in 125 p g  per cc. 
but actually showed an increase in resistance 
in that it could now grow in 500 pg per cc. 
Growth was inhibited a t  1,000 pg per cc. 
The resistant staphylococcus had also main- 
tained its capacity to grow in 1.000 pg per 
cc and when tested in even higher concen- 
trations, it was found to grow abundantly in 
5,000 and 10,000 pg per cc. Moderate 
growth was observed in the presence of even 
50,000 pg per cc. This strain was not tested 
at higher concentrations of the drug because 
the supply of streptomycin was still limited. 
Unlike the streptococcus and the staphylo- 
coccus, the resistant pneumococcus did not 
maintain its ability to grow in 1 2 5  pg of 
streptomycin per cc. When retested, it  was 
found to be inhibited by concentrations great- 

er than 87 pg per cc. 
-It the time of reexamination of these 

strains for their susceptibility or resistance 
to streptomycin one additional set of experi- 
ments was initiated. If resistant strains are 
mutants thrown off by susceptible strains, it 
should theoretically be possible to select them 
much more readily in very young cultures. 
-1ccord ingly , the susceptible staphylococcus 
was grown in broth a t  37°C for 1 hour, 2 
hours and 4 hours, after which a known 
inoculum of each culture was put into broth 
t o  which streptomycin had been added in the 
following final concentrations: 0, 10, 25, 75, 
100, 250, 5 0 0 ,  7 5 0 ,  1000 pg per cc. The 
tubes were incubated a t  37°C for 24 hours 
and the results were then read. All tests 
were run in duplicate. 

It was found that with an inoculum of 
200 million organisms per tube the one-hour 
culture was able to grow in a concentration 
up to 25 pg of streptomycin. The 4-hour 
culture. in an inoculum of 11 million or- 
ganism: per tube (the culture having been 
dilrited to lo-?, because growth was so heavy 
at 4 hours) grew out in 10 p g  of streptomycin 
per- cc but not a t  higher concentrations. 
Growth was observed with the 2-hour culture 
with an inoculum of 400 million bacteria per 
tube a t  10, 25, 50, 100, 500, 750 and 1000 pg 
of streptomycin per cc. 50 growth was ap- 
parent in those tubes containing 75 pg per 
cc. Thus, a t  a very early stage of growth 
it was possible, by chance selection, to iso- 
late highly resistant mutants. When these 
resistant mutants were subcultured to broth 
containing streptomycin it was found further 
that they bred true in that they grew in 
the same concentrations or higher. There- 
fore with a single transfer, resistance to strep- 
tomycin in a concentration as high as 1,000 
pg per cc was obtained. 

,4n attempt was made to explain this last 
ohservation. -4 series of agar plates contain- 
ing 0, 10,  25, 50, 75, 100, 250, 500, 750 and 
1,000 pg of streptomycin were inoculated 
with 0.1 cc amounts of a dilution of 
each of the following: (1) the original 
staphylococcus which grew initially in not 
more than 8 pg of streptomycin; ( 2 )  the one- 
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hour culture which grew in not more than 
25 pg; (3 )  the 2-hour culture which grew 
at 100 pg, and (4 )  the 2-hour culture which 
was capable of growth in the presence of 500 
pg. After 36 hours incubation at  37'C, 
colonies were observed with the original 
staphylococcus on the plate containing no 
streptomycin, but none were present on those 
plates containing 10 to 1,000 pg. The one- 
hour culture which grew initially in 25 pg 
showed abundant growth on plates contain- 
ing streptomycin up to this level. On each 
of the plates containing 50, 75, 100 and 250 
pg, 2 to 4 colonies grew out, indicating that 
approximately 1% of the inoculated organ- 
isms were resistant to higher concentrations 
of streptomycin while 99% were inhi'bited 
by more than 25 pg per cc. The 2-hour 
culture, resistant to 100 pg in broth, grew 
well on all plates. Colony counts indicated 
that most of the organisms able to grow in 
100 pg could also grow in all 4 higher con- 
centrations. Likewise, with the 2-hour cul- 
ture originally resistant to 5 0 0  pg, almost all 
the organisms were found to grow in concen- 
trations of 500, 750 and 1,OOO pg. These 
results are summarized in Ta.ble I. 

( 3 )  A comparison of the ability of parent 
and resistant strains to grow in fresh human 
blood as in a 'bactericidal test was the third 
objective of this study. During the initial 
period of these experiments, a comparison of 
the ability of parent, parallel control and re- 
sistant strains to grow in normal human blood 
revealed no difference with the 3 organisms 
tested-the staphylococcus, the pneumococ- 
cus and the streptococcus. -4s measured by 
this method, the virulence or potential in- 
vasiveness of all 3 resistant strains was un- 
changed with respect to the virulence of the 
homologous parent strains. 

When retested 6 months later, it was found 
that the virulence of the parent, control and 
resistant strains of the pneumococcus had di- 
minished markedly and to the same extent. 
All 3 strains, parent, control and resistant, 
of staphylococci had, on the other hand, main- 
tained their original virulence. Finally, in 
the case of the streptococcus, whereas the 
parent and control strains showed marked 
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‘r-\J:Ll*; I I .  
Suiiiiiinry of I?;actcricid:ll Studics on Strcptc~nipcin Srisqlt ihle and Resistant Strains. 

S t r c ] ~ t o l n ~ c . i n  
S t r;i i 11 ixlsis t:incAc, > 

Organ isin cs:inliiicrl p g  Po. cc 1niti:d period Six-month re-test 

Min. S o .  of org:iiiisins required 
to initiate growth per cc of blood 

Pneu tnococcus * Paren t 
Rcsist:i i i t  

3; 
1.)- - . I  

160 100,000 
340 100,000 

500 
150 

Streptococcus ~~1’:11.cnt, 2: 
Rcsistmt 125-800 

32 180,000 
3G 1 GO 

* Since thc parallel control strains gave essentially identical results as the parent strains in 
cvery inSt:iiicc, tlicp wcrc not recorded in this t:iblc. 

diminutions in virulence. the resistant strain 
had retained its original virulence. This ob- 
servation was repeated and no evidence of a 
decrease in titre was found. These results 
are summarized in Table TT. 

Discussion. Streptomycin resistance can 
readily be induced in vitro. I n  these studies? 
the relative ease was found to vary with the 
particular organism used. With the strep- 
tococcus, pneumococcus. and H .  influenzae, 
the initial resistance could be enhanced from 
4 to 20 times by serial passage in strepto- 
mycin containing media. The strain of 
staphylococcus, originally completely in- 
hibited by 8 pg was observed to acquire the 
ability to grow in the presence of more than 
50,000 pg of streptomycin. 

Although repeated serial passage appeared 
necessary to select out the resistant variants, 
further study with the staphylococcus revealed 
that in the early logarithmic stage of growth 
it was possible, by chance selection, to iso- 
late highly resistant mutants in a single 
transfer . 

The proportion of resistant organisms pres- 
ent in an inoculum could be estimated by 
seeding streptomycin containing plates. The 
original strain was completely inhibited by 
10 pg. A strain found to be resistant to 
25 pg per cc contained 33% resistant col- 
onies at  this drug level as compared with the 
control plate. This same strain contained 
0.2% to 0.4% colonies resistant to 50: 75, 
100 and 250 pg of streptomycin per cc. The 
proportion of colonies resistant to higher con- 
centrations up to 1,000 pg of streptomycin 
was exceedingly high (60 to 100%) when the 

inoculum was derived from strains found re- 
sistant to 100 pg or greater. This distribu- 
tion of resistant colonies was present when 
serial transfer or random selection from young 
cultures was used as the screening procedure. 
I n  the usual method for determining strep- 
tomycin resistance, the small number of re- 
sistant organisms present is probably insuf- 
ficient to initiate growth and, therefore, it 
may not contribute to the observed end point. 
The rate at  which resistance is apparently 
acquired is a function of the proportion of 
resistant organisms present at  each succes- 
sive level. This phenomenon may also ex- 
plain erratic results sometimes noted. The 
growth which appears at  a high level of strep- 
tomycin despite the absence of growth at  
lower levels, may be attributed to the random 
selection of resistant variants. 

Repeated transfer by subculture on non- 
streptomycin containing media over a period 
of 6 months did not result in a loss of strep- 
tomycin resistance, with the possible excep- 
tion of one strain, the pneumococcus. 

The bactericidal studies were performed as 
an index of virulence. No loss in potential in- 
vasiveness accompanied the acquisition of 
streptomycin resistance. After serial trans- 
fer of parent, parallel control and resistant 
strains for a period of 6 months, the ability 
of tmhe pneumococci to survive in whole blood 
was greatly diminished while that of the 
staphylococci was unchanged. With the sus- 
ceptible parent and parallel control strains 
of streptococci a marked diminution was 
noted, but the resistant streptococcus retained 
its potential invasiveness. 
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The general experience has been that 
strains which become resistant to penicillin 
lose their invasive properties as indicated by 
growth in whole Strains which have 
developed resistance to sulfonamides, how- 
ever, retain this capacity ~nchanged.~  From 
the present observations it appears that, like 
the latter, organisms resistant to strepto- 
mycin may also retain their virulence. In 
addition, such strains may preserve the abili- 
ty to maintain their invasiveness upon pro- 
longed artificial cultivation to a greater ex- 
tent than the parent, nonresistant culture. 
The clinical implications of these observa- 
tions that invasiveness may be maintained 
and retained are evident. The development 
of streptomycin resistance should be reduced 
to a minimum through the use of a dosage 

Ikoc. SOC. Exr. RIOL. AND MED., 1944, 35, 210. 

IIouck, C. L., ,J. Inmiunol., 1944, 48, 371. 

5 Spink, W. W., Ferris, V., and Virino, J. J., 

6 Rakc, G. ,  VcKec, C. If., Hambre, D. M., and 

7 Chandlcr, C. .4., and J:ineway, C. A, P R o C .  S O C .  

l<XP. BIOL. A S D  >fl?D.: 1939, 40, 179. 

schedule which will ensure early, adequate 
blood levels. In the light of these studies, 
an adequate level must be defined in terms 
of the specific susceptibility of the organism 
plus its potential ability to acquire resistance. 
The level of tolerance to streptomycin as 
well as the rate a t  which this tolerance is ac- 
quired are important factors and a large 
margin of safety is necessary. 

Summary. 1. Resistance to streptomycin 
can be induced by repeated transfer of vari- 
ous organisms in streptomycin containing 
media. 2. In the early logarithmic stage of 
growth, highly resistant mutants can be iso- 
lated, by chance selection, in a single trans- 
fer. 3.  I n  most instances, acquired resist- 
ance to streptomycin is maintained. 4. Or- 
ganisms resistant to streptomycin may retain 
their original virulence as measured by the 
bactericidal test. 5 .  The acquisition of re- 
sistance to streptomycin with the maintenance 
of virulence may have certain therapeutic im- 
plica t ions. 
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Effect of Atabrine on Auricular Fibrillation in the Dog. 

31. M. GERTLER AND DOROTHY KARP. (Introduced by B. P. Babkin.) 
From the Department o f  Phgsiology, McGill University, Montreal, Canada. 

At present there are no available data con- 
cerning the action of atabrine on cardiac 
muscle. However, the analogous physiolog- 
ical effects of quinine and atabrine in dimin- 
ishing the contractibility and increasing the 
refractory period of striated and smooth mus- 
culature,l lead to a reasonable assumption 
that atabrine will produce similar actions to 
those of quinine on cardiac muscle. 

Quinine and especially its more powerful 
isomer, quinidine, have been used for many 
years as a routine practice in the treatment 
of auricular fibrillation presumably because 
of their ability to prolong the refractory 

1 Keogh, P., and Shaw, F. H., Australian J .  
Exp. Biol. and Med. Sci., 1944, 22, 139. 

period in cardiac muscle and its nodal tis- 
sues as well as to decrease myocardial ex- 
citability.2 Since recent evidence has been 

which clearly indicates that ata- 
brine possesses more potent physiological 
and pharmacological properties when com- 
pared with quinine, it seemed most interest- 
ing to see whether atabrine would also con- 
trol auricular fibrillation. Experiments in 
the dog were, therefore, devised to test the 
validity of this concept. 

Methods. Five dogs were anesthetized 
~ ~ ~ ~~~~~ 

2Lewis, T., Drury, A. N., Tlicscu, C. C., and 

3 Gertler, M. M., and Karp, D., Revue Cnn.  cle 
Wedd, A. M., Heart, 1921-22, 9, 207. 

Biol., in press. 


