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From t h e  Geo rge  W i l l i a m s  Hoope r  F o u n d a t i o n ,  U n i v e r s i t y  o f  C a l i f o r n i a ,

San F r a n c i s c o ,  C a l i f o r n i a .

I n July,  1944, Dr. Selman A. Waksman i n ­
vi ted a study of therapeut ic properties 

of streptomycin i n Pasteurel la  p e s t i s  in fec­
t io n s .  P re l iminary  t e s t s  with a one gram 
sample of  the crude a n t i b i o t i c  gave very 
promising r e su l t s .  Subsequently, larger  lo ts  
of streptomycin were obtained through gen­
eros i ty  of  Dr. I.M, Car l i s le ,  Merck and Co., 
Inc. ,  Rahway, N.J .  A confident ia l  report  of 
r e s u l t s  was made in 1945 to the committee 
on Medical Research of the Office of  Scien­
t i f i c  Research and Development. Publ ication 
times for tha t  report  and l a t e r  s tudies  are 
indef in i t e ,  but the more s ign i f ican t  re su l t s  
are summarized here.

( 1 )  RESULTS OBTAINED IN VITRO. S t r e p t o ­
mycin in hormone broth (1,250 (ig/cc) k i l l s  
100 mil l ion v i ru l e n t  P. p e s t i s  (Shasta) in 
15 minutes.The same number of  organisms are 
destroyed in 4, 12, 24, 48, and 120 hours, 
r e s p e c t i v e ly ,  by 313 pg/cc, 78 pg/cc, 39 
pg/cc, 29 pg/cc, and 5 jjg/cc. One hundred 
thousand organisms of  a r ecen t ly  i so l a te d  
human s t r a i n  (Modoc) were k i l l e d  by 0.2 
pg/cc, and an equal amount of the "Shasta” 
s t r a i n  by 1.9 Ug/cc in 72 hours.  Amounts 
varying from 0.4 to 4.0 Pg/cc proved ba c te r i ­
c ida l  to s ix  plague s t r a i n s  of  Hawaiian,

Egyptian, Indian, and Cali fornian origin in 
f ive  days. From one to 16 u n i t s / c c  oi d i ­
hydrostreptomycin are required to s t e r i l i z e  
t h e s e  s t r a i n s  i n  f i v e  days .  A v i r u l e n t  
s t r a i n s  are  more r e s i s t a n t :  for  example, 
the E. V. 76 plague ba c i l lu s  (G i r a r d ) 1 i s  
k i l l e d  in the presence of 16 u n i t s / c c / f i v e  
days ,  s t r a i n s  14 and 1122 ( Ja w e tz  and 
Meyer)2 by e igh t  u n i t s / cc  and the Tjiwidej 
s t r a i n  ( O t te n ) 3 by four  u n i t s / c c .  In the 
presence o i  10% blood serum, 40 u n i t s / c c  
were requ i red  to k i l l  10,000 v i r u l e n t  P. 
p e s t i s  “ Yreka” in 48 hours. Other factors ,  
such as chemical composition o f  pH of  the 
suspending medium, concen tra t ion of  a n t i ­
b io t i c ,  and age and densi ty  of  cul ture,  i n ­
fluence b a c t e r i c id a l  a c t i v i t y  of s t r e p t o ­
mycin on P. pe s t i s .  Five thousand pg/cc in 
broth destroyed 22,000 mil l ion v i ru le n t  P. 
p e s t i s  (Yreka)/cc,  while the same concen­
t r a t i o n  s t e r i l i z e d  33,000 m i l l i o n / c c  in 
physiologic s a l ine .  Four v i ru l e n t  s t r a in s  
t ra ined to r e s i s t  streptomycin in the amount 
of 5,000 Pg/cc were av iru len t  and r e s i s te d  
only 2,500 uni ts /cc  dihydrostreptomycin.

(2)  EF FE C T  ON MICE AND GUINEA P I G S  
INFECTED SUBCUTANEOUSLY. R e la t ive  s e n s i ­
t i v i t y  of  P. p e s t i s  to s t reptomycin pe r-
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tn i ts  e f f e c t i v e  t he ra py  o f  e xpe r im e n ta l  
bubonic  d i s e a s e  caused  by 100 to 1 ,000 
m ult ip le s  of  the M.L.D. in highly suscep­
t i b l e  (ABC) mice. Treatment usua l ly  begins 
on the 48th hour a f t e r  subcutaneous i n t r o ­
duction of  the b a c i l l i ,  when in fe c t io n  i s  
g e ne ra l i zed ,  a bacteremia i s  well  e s t a b ­
l i s h e d  in  40 to 60% of  the  animals ,  and 
the iimunity mechanism i s  p a r t i a l l y  damaged 
by t o x i n s .  I r r e s p e c t i v e  o f  dosage  or  
frequency o f  admin is t ra t io n ,  sulfonamides 
save an average  of  only 35% o f  mice a t  
t h i s  s t a g e  o f  i n f e c t i o n .  In 70 s e p a r a t e  
experiments ,  t r e a t i n g  as  many groups of  
20-50 mice with varying amounts of  s t r e p to ­
mycin ,  a dva nce d  e x p e r i m e n t a l  bubonic  
p l a g u e  was c o m p l e t e l y  c u r e d  w i t h  500 
Mg/th ree  hours for three days, or  a t o t a l  
of  12,000 Mg (12.0 mg.). The median e f f e c ­
t i v e  dose  was 1,000 to  1 ,250 Ug f o r  a 
20 g mouse, o r  50 t o  62 Mg/g when one 
in t r a pe r i tone a l  in je c t ion  was given on the 
48th hour o f  i n f e c t i o n .  B a c t e r i o l o g i c a l  
a u to p s i e s  demonstra ted t h a t  on the 14th 
hour  a f t e r  i n j e c t i o n  of  the  a n t i b i o t i c ,  
the sp leens  of  four  mice s a c r i f i c e d  were 
s t e r i l e ;  however, plague b a c i l l i  could be 
cu l tu red  from the hea r t  blood o f  2/4,  the 
l i v e r s  o f  3 /4 ,  and th e  lymph nodes of  
4 /4 .  Organs of  c o n t ro l  mice showed heavy 
growth of  P. pest  is  in cu l tu res  and micro- 
copical ly .  Begun on the 48th hour of infec­
t io n ,  100 M-g of  s t rep tomycin  i n j e c t e d  a t  
s i x - h o u r  i n t e r v a l s  fo r  192 hours ,  or 32 
i n j e c t i o n s  i n  a l l  (a t o t a l  of  3 .2  mg of  
s treptomycin per  mouse), always s t e r i l i z e  
the blood s t ream, sp leen  and l i v e r ;  but  
s i n c e  the  i n f e c t i o n  p e r s i s t s  i n  lymph 
nodes, about 40% of the animals ul t imately  
succumb. The r a t e  o f  su rv iva l  in mice i s  
d i r e c t l y  p r o p o r t i o n a l  to  the amount o f  
streptomycin administered. A large dose of 
a n t i b i o t i c  a t  t h e  o u t s e t  o f  i n f e c t i o n  
probab ly  k i l l s  or  i n ju r e s  the b a c i l l u s ,  
i n h i b i t s  i t s  m u l t i p l i c a t i o n  and enhances 
r e c e p t iv i ty  to phagocytosis,  which e f fec t s  
i t s  removal from the c i r c u la t io n .  There i s  
a p o s s i b i l i t y  t h a t  the r eg iona l  bubo, 
with i t s  abundant necrot ic  t is sue  and large 
number of  plague b a c i l l i ,  i s  not  immedi­

a te ly  affected,  and thus serves a s . a  seed­
bed for  r e l ap ses  and a continuous source 
o f  tox in  when the immunity mechanism i s  
not  completely mobil ized.  The l a rg e r  the 
dose, the greater  the p o s s ib i l i ty  for s t r e p ­
tomycin to d iffuse  into necro t ic  areas,  and 
the sho r te r  the course of  therapy needed. 
In the mouse the g r e a t e s t  dose,  or t h a t  
determined by t o x i c i t y ,  i s  more than ten 
times the e f f e c t iv e  dose t h a t  was used in 
the t reatment of plague i n fe c t i o n s .

Bubonic plague  i n f e c t i o n s  which have 
p r o g r e s s e d  to  an e x t e n t  comparab le  to 
48-hour infect ions in  mice occur in guinea 
pigs  120 hours a f t e r  subcutaneous i n j e c ­
t ions of  1,000 mult iples  oi the M.L.D. With 
a s t r e p to m y c in  dose of  20,000 Mg/kg or  
approximate ly 10 mg per  day, a t o t a l  of  
100 mg over a p e r io d  o f  10 days ,  80 to  
100% of  the 40 guinea pigs used in experi ­
ments were cured. I t  requ i res  l e s s  s t r e p ­
tomycin to cure guinea pigs in a s tage  of 
mild sept icemia than to  cure mice, on the 
bas i s  of un i t s  of  a n t i b i o t i c  to grams of 
body weight.  Adminis t ra t ion  of  25,000 to
50,000 Mg/kg i n  th re e  doses ,  or  a d a i l y  
i n j e c t i o n  o f  37,500 to  75,000 Mg/500 g 
gu inea  p i g  o f  e a r l y  s t r e p to m y c in  p r e p ­
a r a t i o n s  proved t o x i c ,  bu t  r e c e n t  l o t s  
of  the a n t i b i o t i c  in the same doses  are 
wel l  t o l e r a t e d .

In the t e s t s  under c o n s id e r a t i o n ,  and 
those of  Wayson and McMahon4, pers istence of 
plague b a c i l l i  in regional  buboes desp i te  
large doses of  the a n t ib io t i c  suggested lo ­
cal  chemotherapy. Guinea pigs with wel l -  
developed buboes on the 120th hour a f t e r  
subcutaneous a dm in is t ra t ion  of  100,000 P ■ 
p e s t i s ,  were i n j e c t e d  around the l o c a l  
swelling with 12,500 Mg in 0.5 cc of physio­
logic  s a l i n e  a t  12-hour i n t e r v a l s  for  10 
days. All were cured and plague les ions were 
s t e r i l i z e d .  Sodium sulfamerazine adminis­
tered in the same manner in the amount of 
500 mg/kg/12 hours was i n h ib i to r y  but not 
bacte r ic ida l ,  and cured no more than 40% of  
infected animals. Local in jec t ions  of s t r e p ­
tomycin proved very i r r i t a t i n g ,  and even 
though buboes became r a p i d l y  s t e r i l e ,  
n e c r o t i c  a r e a s  were much l a r g e r  t h a n

4 Wayson and McMahon, J .  Lab.  and C l i n .  Med. , 1946i 31, 323-
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DYNAMICS OF STREPTOMYCIN ON EXPERIMENTAL SEPTICEMIC PLAGUE IN MICE 
( INTRAPERITQNEAL INFECTION) EXPERIMENT 97

FIGURE I .

STREPTOMYCIN IN THE THERAPY OF THE 3 6 -HOUR INTRANASAL PLAGUE

FIGURE I I

those  of  c o n t r o l s  or  of  animals  t r e a t e d  
s y s t e m i c a l l y .

(3) EFFECT ON SEPTICEMIC PLAGUE IN MICE. 
To e s t a b l i s h  maximum e f f e c t i v e n e s s  o f  
streptomycin, a rapidly  progressive SEPTI-  
MIC i n f e c t i o n  was produced in s l i g l i t l y -  
r e s i s t a n t  Swiss mice by in t r a p e r i t o n e a l l y  
i n j e c t i n g  2,000 P. p e s t i s .  Bacteremia and

toxemia e x i s t  in such mice by the 9th-12th 
hour a f t e r  infect ion ,  and death takes place 
in  34 to  72 hours.  In some r e spe c ts ,  t h i s  
i n f e c t i o n  model re semble s  the  c l i n i c a l  
form of  human sep t i cem ic  plague induced 
by d i r e c t  blood stream i n f e c t i o n  through 
several  f l e a  b i t e s .  Repeated t e s t s  of  the 
kind shown in Fig.  1 conc lu s ive ly  demon-
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INTRANASAL PLAGUE TREATED WITH SERUM AND SULFADIAZINE

TREATMENT BEGAN

NUMBER OF THE DAY AFTER INTRA.MASAL INFECTIO«

FIGURE I I I

BACTERIOLOGICAL STUDY OF INTRANASALLY-INFECTED STREPTOMYCIN TREATED MICE

B a c t e r i a l  C O s j.r \ t  o f  u .ry t  r<z.&rte.d, O --*■—O P c r c a n t û i g s :  o k  c o o t . r o i s  c i G a  c i
mice
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FIGURE IV.
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s t r a t e d  t h a t  two to th ree  la rge  doses o f  
400 to  800 |ig a t  th ree-hour  i n t e r v a l s ,  or 
a t o t a l  of  1,200 to 1,600 Mg, cured 80 to 
90% of  non-bubonic septicemic plague in fec ­
t ions .  Small doses merely delay death.  I f  
t r ea tm ent  i s  postponed u n t i l  the 18th or  
24th hour, two doses of  800 Jig each cure 
on ly  25 to  45% o f  i n f e c t e d  mice. Only 
ear ly  t reatment  with large doses of s t r e p ­
tomycin cures  sept icemic  plague in mice. 
Su l fad iaz ine  and highly potent  an t iplague 
serum proved i n e f f e c t i v e  under i d e n t i c a l  
experimental conditions. There is  at  present 
no evidence tha t  sulfonamides s y n e rg i s t i -  
ca l ly  enhance the remedial action of s t r ep ­
tomycin. On the other hand, numerous experi­
ments furnished data tha t  potent  anti -plague 
serum administered simultaneously with small 
doses of streptomycin increased the percent­
age of cures .  Fina l ly ,  ac t ive immunization 
with plague antigens po ten t ia tes  the action 
of  streptomycin both in mice and in guinea 
p igs  and the p a r t i a l  immunity so gained 
allows use of smaller doses of  streptomycin.

(4) EFFECT OF PNEUMONIC PLAGUE IN MICE. 
Pneumonic plague infect ions may be produced 
in  mice by i n t r a n a s a l  i n s t i l l a t i o n  of  

.2,500-5,000 P. pe s t  is  in 0.05 cc of  sal ine;  
lobu la r  l e s i o n s  r ecognizable  on the 36th 
hour  a f t e r  i n f e c t i o n  c o n t a i n  s e v e r a l  
m i l l i o n  p l a g u e  b a c i l l i .  As m igh t  be 
expected,  200 to 400 |ig o f  s t rep tom ycin  
hydrochlor ide or  s u l f a t e ,  given every s ix 
h o u r s ,  e f f e c t i v e l y  cu re  90 to  95% o f  
in fec t ions .  Smaller doses or delayed t r e a t ­
ment reduces the chance for cures (Fig. 2).  
Sulfadiazine in combination with antiplague 
serum i s  l e s s  e f f e c t i v e  than streptomycin 
( F i g .  3 ) .  The r em a rk a b le  b a c t e r i c i d a l  
action of streptomycin i s  fu l ly  documented 
by p e r io d i c  b a c t e r i o l o g i c a l  au to ps ie s  of 
t r e a t e d  and u n t r e a t e d  mice (Fig.  4 ) .  Six 
hours  a f t e r  t r e a t m e n t  w i th  200 |ig had 
begun, the number o f  plague b a c i l l i  found 
in  the lungs o f  t r e a t e d  mice was reduced 
to approximately 60,000, while in untreated 
animals i t  had advanced to 10,000,000- By 
the 12th to 24th hours of  t rea tment ,  the 
s p le e n  became s t e r i l e  and 5000 or  l e s s  
organisms were counted in  the lungs.  By 
the  96th hour a f t e r  i n f e c t i o n ,  when a l l  
u n t r e a t e d  mice had d i e d ,  the lungs and

bronchial  lymph nodes of  t rea ted  mice were 
e i t h e r  s t e r i l e  or  c o n ta in e d  only a few 
thousand plague b a c i l l i  in the abscess- l ike 
pa tches  of  pneumonia. No plague b a c i l l i  
have been i s o l a t e d  from lungs o r  lymph 
nodes  100 h o u r s  a f t e r  t r e a t m e n t  w i t h  
s t rep tomycin.  These r e s u l t s  f u l l y  a t t e s t  
to the remarkable therapeu t ic  e f f i ca c y  of  
a t o t a l  o f  f i v e  mg of  s t r e p to m y c in  in  
experimental  plague of  mice. They j u s t i f y  
an exception that  i t  wi l l  be equally e f f e c ­
t i v e  in  human pneumonic plague i f  admin­
i s t e r e d  e a r l y  and in  adequate  dosage .

(5) SUGGESTED SCHEDULE OF TREATMENT IN 
HUMAN PLAGUE. Strep tomycin  i s  the most 
e f f e c t i v e  therapeu t ic  agent thus far  d i s ­
covered for the treatment  of  bubonic, sep­
t icemic and pneumonic experimental  plague 
in fe c t io n s  in mice and guinea pigs.  I t  i s  
recoimiended that  human plague be t reated as 
soon as diagnosed with da i ly  doses of two g 
of streptomycin in bubonic plague, and four 
t o  s ix  g in the sep t icemic and pneumonic 
d i s e a s e s ;  i n j e c t i o n s  should be given a t  
fou r - s ix  hour i n t e r v a l s  for  the f i r s t  two 
days. The dose may then be reduced, but in 
order to prevent c l i n i c a l  recurrences t r e a t ­
ment should be continued for a t  leas t  e ight  
days on a one g level  or subs t i tu ted  with 
adequate su lfadiaz ine  therapy. In profound 
toxemia, simultaneous admin is t ra t ion of  a 
p o t e n t  a n t i p l a g u e  serum, to a s s i s t  the 
iranunity mechanism, may prove beneficial .

SUMMARY
Streptomycin in the amounts of 0.4 to 4.0 

Mg/cc is  bac te r ic ida l  for d i f f e ren t  s t r a in s  
of P. pest  is  in five days. Advanced experi­
mental bubonic plague in mice is  completely 
cured wi th  500 |J.g/three hours fo r  th ree  
days, or a t o t a l  of  120 mg. Between 80 to  
90% of the mice in  a s t a t e  of sept icemic 
plague may be saved with a t o ta l  of  1,200 
to 1,600 [ig. The remarkable b a c t e r i c i d a l  
action of streptomycin is  best demonstrated 
on experimental  pneumonic plague; five mg 
of  the a n t i -b io t ic  s t e r i l i z e  lungs and lymph 
nodes within 100 hours a f t e r  t reatment  has 
been i n s t i t u t e d .  I t  i s  recommended t h a t  
human plague be t rea ted  as so® as diagnosed 
with two to four g of  s t reptomycin d a i l y  
depending on the s ta t e  of in fect ion.
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