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1. UNIVERSITY OF .!'IJINNESOTA MEDI CAL SCHOOL
CALENDAR OF EVENTS--_._-----

November 23 - November 29, 1946

No. 134

Saturday, Novenilier 23

7:45 - 8:50 Orthopedics Conference; Wallace H. Cole and Staff; Station 21, U. H.

8:30 - 11:00 Neurology Grand Rounds; A. B. Baker and Staff; Station 50, U. H.

9:00 - 9:50 Surgery-Boentgenology Conference; O. H. Wangensteen, L. G Rigler,
and Staff; Todd Amphitheater, U. H.

10:00 - 12:00 Medicine Ward Rounds; C. J. Watson and Staff; E-221, U. H.

)

10:00 - 12:50 Obstetrics and Gynecology Grand Rounds; J. L. McKelvey and Staff;
Station 44, U. H.

11:00 - Anatomy Seminar; The Bone Marrow Pattern in Brucellosis; R. D.
Sundberg; 226 I. A.

Monday, November 25

12:15 - 1:15 Obstetrics and Gynecology Journal Club; M-435, U. H.

12:30 - 1:20 Pathology Seminar; Congenital Leukemia; Norlene Eckles; 104 I. t.

Medicine - Roentgenology Conforence; Veterans' Hospital.

9:00 - 10:50 Obstetrics and Gynecology Conference; J. L. McKelvey and Staff;
Interns' Quarters, U. H.

9:00 - 9:50 Roentgenology-Medicine Conferonce; L. G. Rigler, C. J. Watson and
Staff; Todd Amphitheater, U. H.

12:15 - 1:30 Pediatrics Seminar; Irvine MCQuarrie and Staff; 6th Floor Seminar
Room, Eustis, U. H.

11:00 -

1 12:00 - 1:00 Physiology Seminar; Metabolism of the Brain; N. Lifson; 214 M. H.
'ct

u
, Tuesday, November 26

9:00 - 9:50 Roentgenology-Pediatrics Conference; L. G. Rj.gler, 1. MCQuarrie and
Staff; Eustis fJnphitheater, U. H.

8:30 - Surgery-Pathology Conference; N. K. Lufkin, John R. Paine, and
Associates; SnaIl Conference Ro~n, Veterans' Hospital.

10:30 - Surgery Seminar; John R. Paine; Small Conference Room; Building I,
Veterans' Hospital.

12:30 - 1:20 Pathology Conferonce; Autopsies; Pathology Staff; 102 1. A.
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3:15 - 4:15 Gynecology Chart Conference; J. L. McKelvey and Staff'; Station 54,
U. H.

2:00 - 2:50' Dermatology and SyrhUology; H. E. Michelson and Staff; Veterans'
Hospital, Building III.

3:30 - Clinical I 'athologic8l Conference; Veterans ' Hospital.

3:45 - 5:00 Pediatric Staff ROllndo; I. McQuarrie and Staff; W-205, U. H.

4: 00 - 4: 50 Surgor;y-Physiology Conference; Pulmonary Edema,; Allan Hemingway and
Lyle Hay; EustiE: hnphitheater, U. H.

5: 00 - 5: 50 Rootgenology Diagnosis Conference; At Veterans I Hospital.

"• Wednesday , Nov~!nber 2L
J

8:00 8:50 Surgery Journal Club; o. H. W~ngen8teen and Staff; M-5l5 U. H.

8:30 - 10:00 Psychiatry and Neurology Seminar; Staff; Station 60 Lounge; U. H.

11:00 - 11:50 Pathology··Medicinc··;;urcery Conference; Uremia; E. T. Bell, C. J.
Watson, O. H. WallGon2seen, and Staff; Todd Amphitheater, U. H.

12:00 - 1:00 Physiological Chemiqtry Journal Club; Staff; 116 M. H.

4: 00 - 6: 00 Medicim and Pe(Uatrios Infooti.oU3 Disease Rounds; W-205 u. H.

}

Friday, November 29-_.._---------~ .•

9:00 - 9:50 Medicine Grand Rounds; C. J. watson and Staff; Todd J:unphitheatery, U.H.

9:00 - 9:50 Pediatric Grand Rounds; I. KCQuarrie and Staff; Eustis Amphitheater.

10:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; E-22l, U. H.

10:30 - Medicine Grand Rounds; Veterans' Hospital.

10:30 - 12:20 Otolaryngology Case Stud:ies; L. R. Boies and Staff; Out-Patient
, Otolaryngology DeF'rtmcnt; U. H.

11:30 - 1:00 University of Minnesota Hospitals General Staff Meeting; Movies
(Arranged); New POvTell Hall JJlphi theator.

1:00 - 2:00 Dermatology and 0Y:cJhilolo2;,y; Presentation of Seleoted Cases of the
Week; H. E. Michelsvn and Staff; W-3l2, U. H.

1:00 - Roentgenology-Neuro2urCGFJ Conference; H. O. PetGrso~j W. T. Peyton
and Staff; Todd AJ:;rphitheater, U. H.



J

I

II . STREPTOMYC IN*

vTendell H. Hall
Abraham Brawie
Wesley W. Spink

Unlike the discovery of penicillin,
which followed a chance laboratory obser
vation by Fleming in 1929, the isolr..tion
pf streptomycin resulted from a deliber
ate search for an antibiotic capable of
exerting a bacteriostatic and bactericidal
effect upon gram-negative bacteria and
Mycobacterium tuberculosis. This wcrk in
volved extensive surveys, analyses and
tests in which many investigators collabor
ated. S. A. Wakeman, who initiated the
studies in the Department of Microbiology
of the New Jersey Agricultural Experiment
Station, Rutgers University, was ~rimari

ly responsible for its discovery.

The ultimate objective was to find a
substance not only having a bactericidal
and bacteriostatic effect upon bacteria,
but also one which was non-toxic, which
was not inactivated by body fluj.ds and
which acted in vivo as well as in vitro.
It is not surprising that a number(;f
antibiotics were isolated during this pro
ject which possessed only somo of these
properties. These included:

actiDor~in - a highly toxic compound,
~~~~~c.~n. - more active against gram

negative bacteria but also
toxic,

f~~ig~~iE - not very toxic, but not
very active,

chaetomin - non-toxj.c but inactive
in vivo,

and §tr~tQthrlgJ_!1. - satisfactory in
most respects but being
somewhat too toxic.

It had been found early in the work
that Actinomycetes offored great poten
tialities as a source of entibacterial

*The streptomycin used in the treatm~nt-~~f
the majority of the patients included in
this report was prOVided by the CorrmLittoG
on Chemotherapeu~ic and Other Agents of
the National Research Council.
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activity. Twenty to thirdy per cent of
all these organisms tested possessed
such properties to a marked degree, but
only a few of the cultures contained
substances of promise for use as chemo
therapeutics.

Among the first of these substances
was streptothricin. It was found to be
active both in vivo and in vitro against
gram-negativeorganisms but two serious
limitations were found. I'urifiod pre··
~arations exerted a delayed toxic ef
fect on animals end certain gram-nega
tive as well as gram-positive bacteria
were found to be naturally resistant
to high concentrations.

Tho shortcomings of streptothricin
led to a widespread search among var
ious groups of microorganisms for more
satisfactory agents. Eventually an
Actinorr~ces was found which produced a
substance possossing most of the desir
able pharmacological and antibacterial
properties. This organism resembled
very closely Pctinomyces griseus, which
had been isolated from the soil 213 years
previousl;y by Waksman. It produced an
antibiotic very similar to streptothri
cin but posessed greater activity against
granl-negative bactoria and certain spore
formers which wore resistant to strep
tothricin. The new substance was named
streptom;ycin on the basis of its isola
tion from an organism which belongs to
the group of Actinoruycetes called
Streptomyces. The first two cultures of
Streptom,yces griseus from which strepto
nwcin was isolated were obtained inde
pendently from a heavily manured field
soil and from the throat of a chiclwn.

Streptomy·cin production, in contrast
to that of streptothricin, was found
to be markedly effected by the composi
tion of the mediur~. ~~ereas strepto
thricin was readily obtained from simple
media, stre:ptom;y-cin production was found
to depend greatly on the presence in the
medium of a certain o~'ganic material sup
plied by meat extract. Similar methods,
however, can be used to isolate the two
antibiotics from the medium. This in
volves soparation of the mass of growth

. of the organism by centrifugation or
filtration, adsorption of the antibiotic
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FurthermQre, the resistance to strep
tomycin is not constant for any given
species of bacteria. It varies with
strains within the species and.is in
creased by exposure to streptomycin in
doses that are not bactericidal.

Table 1 shows the number of micrograms
of streptomycin required to produce a
bacteriostatic effect upon various organ
isms in vitro. Higher concentrations are
bactericidal. Certain gram-negative,
gram-positive and acid-fast organisms
are susceptible, whereas spore-forming
anaerobes and fungi are resistant. The
effectiveness of streptomycin against
both gram-negative and gram-positive
organisms serves to emphasize the objec
tion offered by Kobacher and Mehlin5
against the customary llrocedure of
classifying bacterial rasponse to ther
apy on the basis of whether or not the
gram stain is retained. The suscepti
bility of organisms is not necessarily
related to their stainirlG properties.

units were given orally to patients
with typhoid fever. In spite of the
fact that over 60% was recovered in the
stool after oral administration, E.
typhosa was cultured from the feces of
these patients. This survival of tho
organisms could not be explained by the
development of streptomycin resistance
as they could be killed in vitro by
Gunits per cc.

That inactivation of streptomycin also
occurs in vivo was suggested by Manwaring4
follOWing experiments in which 15 million

Waksman and his associates hav0 do~on~

strated that streptomycin is a much more
stable compound than :ponicillin. l rrhe cry
stalline form withstands months of refri
geration without loss of potency ani solu
tions can be heated for 10 minutes [it 1000

with less than 509b inactivation. They als:)
pointed out that it is not destroyed by
microorganisms. Chemically it is composed
of the hydroxylated base, streptidine, Demonstration of the readiness with
and the disaccharide, streptobiosDillline. 2 whic~ resistance develops was given by
The inactivation of streptom;ycln b;y the Knopo who employed organisms isolated
addition to media of acids or acid pro- from urine cultures. After first deter-
cursors, such as glucose and phosphates, mining tho lnitial sensitiVity of the
may be attributed perhaps to neutral:iza- organisms, she cultured them in broth
tion of the basic portion of the molecule. containing varying concentrations of
This property of streptom;ycin apper~rs to streptomycin. Those cultures which sur-
be responsible for the important clinical vived the maximlm concentration were
observation that the drug is far less ef- transferred every 48 hours up to a con-
fective in acud urines than in a~kalino centration of 1000 microgranls/cc. In
urines. Streptomycin activity is also re- this manner, all the bacteria tested
duced fn ~itro by cysteino~ cevitarrlic acid quickly developed a high degree of resis
and certain ketone agents.~ This may co tance. It was fCUIld that Strep. faecalis
related to their chemical combination r~nd. and Pseudomo:nas aeruginosa develope,i re
subsequent blockade of a group in the ctrep-sistance after the fewest transfers,
tomycin molecule. whereas the strains of A. aerogenes,

Proteus and E. coli required several
more. Equally significant was her demon
stration that nono of the resistance was
lost after a period of growth in broth to

streptomycin activity was first ~ade

quantitative by tho arbitrary definiti.on
of a unit in terms of the amount of r"\ter
ial which, when present in 1 ml. of hutrj.
ent medium, just iOOibitad the grovTth of
a givon strain of E. coli. When crystal
line products became available, a new
standard was established basod on the
weight of the pure material. One ;"icro
gram of streptomycin base is equal in
activity to one unit.

onto charcoal from the filtrate, elution
from the charcoal with acid alcohol, a,ill
concentration by removing the alcohol with
ether. streptomycin in this form is a
yellow-, brown-, or red- colored aqueous
concentrate. A solid preparation is ob
tained by desiccation or precipitation
with acetone. Further purification and
crystallization results in the forn~tion

of an insoluble reineckate which occurs
after the addition of tho Reinecke snIt
to the water soluble amorphous fraction.
The insoluble reineclmte is converted in
turn to a soluble bJ"drochloride or sul
fate.

..

I
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Table 1.

R~nge in Sensitivi ty
to the BacterioGt~tL~_i.-gj;ion_Of_?_"\jrepto~g}~

3.75

3.75

37.5

2.5
1.5
0.3
3.2

25.0
10.0

64.0

16.0

3.75
3'7.5

16.0

3.75
4.0
5.0
3.0
1.5

256.
10.0

25.0
120.

0.5
0.375
0.5
0.5
0.5
1.0
2.5
0.3
1.0
1.56
1.25
0.375
0.625

10.0
5.0
5.0
0.)
0.'75
0.15
0.4
2.5
4.0
0.5
2.0

60.0
0.25
6.0

3.75
8.34

105.
105.
104.
104.

0.375
8.0
0.15
0.5

50.0
2.0
4.0
5.0

16.
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I
I
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u_ --t1~-c;~er~~;-p;iCubic -Q~;timetex~l
I
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~

I· ,
I
I
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Aerobacter aerogenes
Bacillus anthracis.
Brucello nbortis
Brucella melitensis
Brucella suis . . . •
Eberthella typhi
Erysipelothrix muriseptica
Escherichia coli ...
Escherichia cOnIDlunior
Hemophilus influenzae •
Hemophilus pertussis
Klebsiella ozogenes .
Klebsiella pneumoniae
Malleomyces mallei
Neisseria gonorrheae
Neisseria intracellularis •
Pasteurella lepiseptic~ . .
Pasteurella pestis . • . .
Pasteurella tularonsis
Proteus vulgaris . . . .
Pseudomonas aeruginosa
Salmonella aertrycke
Salmonella enteritidis
Salmonella schottmlilleri
Salmonella suipestifer. .
Shigella paradysenterise
Vibrio COIPJUa

Actinomyces bovis . .
Clostridium butyricum
Clostridium septicum.
Clostridium sordelli.
Clostridium tetani ..
Clostridium welchi ..
Corynebacterium diphtheriae
Diplococcus pnemuoniae ...
M. tuberculosis, var. hominis
Staphylococcus aureus . .
Streptococcus fecalis . .
Streptococcus hemolyticus
Strept. lactis ...
Strept. salivarius
Strept. viridans ..

Gram-Positive. Orga~is~~

------------------------------

I

i
I

i____________________. . .__--1. ~ _

I
J

f,
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Table 2. 9

takes place only if the meninges
are inflamed.

(5) There is essentially no absorp
tion from the stomach or bowel .
Only traces appear in the urine
after oral administration.

(6) None is absorbed into the blood
after nebulization.

No rigid rules can bo given for
establishing certain levels in any of
these fluids. Zintel, Flippin, Nichols,
Wiley and RhoadslO found in a study of
10 patients that intravenous injection
of a single dose of 0.6 Gm. streptomycin
proiuced an average blood level of 32.8
micrograms per cc. in 15 minutes, fol
lowing which it fell gradually to 4.9
units at 6 hours. The same dose injected
intramuscularly produced an apprOXimate
blood level of 17 micrograms per cc. in
an hour, and this concentration was
maintained for 3 hours thereafter, where
upon a less gradual decline occurred
than with the intravenous method. When
3 Gm. of streptomycin in 3,000 cc. of 5%
glucose was given by continuous intra
venous drip daily, blood levels of 20
to 60 micrograms per cc. resulted. The
same blood concentration was achieved by
giving 3 Gm. daily intramuscularly in
divided doses at 3 hour intervals.

The values for blood concentration
obtained by these workers for intermit
tent intramuscular injection are higher
than those given by Keefer7 . This can
be seen by examining Table 2.

Parenteral administration results
in adequate blood lev?ls.

----;'- ._- -_..--+-_.._._-

I.M.dose q.3 H. ti Expected mean cone.
in blood for 3-hour

period---_.__._- -_..- ---
Urinary excretion is rapid. 0.1 Gm. 2 - 3 mcgm./cc.
60-80% is said to be accounted 0.2 Gm. 5 _ 6 II

for in this manner in ;:4 hours. 0.3 Gm. 6 8 "
0.5 em. I 9 -10 !I

Good penetration into pleural fluid,-------------L.--
peritoneal fluid,bile, aqueous
humour and the fetal circulation
occurs.

It is possible that the figures listed
are lO'l-ler than might be expected in lf~ny

cases. The Surgoon General's report
Significant penetration into the states that a mean blood level of 16
cerebra-spinal fluid from the blood micrograms per cc. can be obtained with

(1)

which no streptorr~cin had been added.

The same phenomenon has been observed
in vivo during treatment of human jnfec
tions:- Finland7 reported cases of urinary
. tract infections in which organisms

with an initial sensitivity of 25 micro
grams per cc. were found to have devoloped
resistance to 50,000 micrograms per cc.
after 5 days of treatment. Buggs8 found
a wide variation in sensitivity in the
strains of bacteria isolated before treat
ment and the development of resistance
in many of these strajns after treatment.
There is the possibility that these re
sistant strains existed prior to treat
ment and were not discovered. Both re
ports, however, described efforts to re
cover all strains before treatment so
that there is good reason to believe that
originally sensitive strains developod
great resistance. The previously describ
ed in vitro results add to the evidence in
favor of such a contention. These obuer
vations emphasize the importance of using
adequate doses of streptomycin. Not only
must the sensitiVity of the pathogen be
known, but enough of the drug must be
given to produce levels in the tissues and
body fluids well above the minimum effec
tive concentration. Keefer9 reco:rnmends
that these levels be four to five times as
great as the in vitro sensitivity level
because of the-reduction in streptomycin
activ:Lty upon addition of serum.

~dministration, Absorption, and._DisJ~~_;i".:.

but ion

The intelligent use of streptomycin is
based on a number of pharmacological prin
ciples. These may be simply enilluerated
as follows:

t
;
;

,

;;
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As much as 89% of a single dose of
stroptolAYcin can be recovered in the
urino. 10 The average, however, is be
t"reen b'J1J and 70%. About 2% more can
be accounted for in tho feces. A fairly
largo amount, therofore, is undoubtedly
retainod or destroyed in the body. Uri
nary excrotion is slower for streptomy
cin than for penicillin so that blood
levels are maintal~ed more roadily.
Adcock and Hettig measured streptomycir
clearance by the kidney and found that
the plasma clearance value with stropto
n~cinwas 38 to 67 cc. per minute o.11d
with penicillin 750 to 1120 cc. per min
ute. It has also been shown that with
severe kidney damage, 8trcptomycin ac
cumulates in the serum even with small
doses.13

intermittent intramuscular use of 0.4 Gm.
every 4 hours. At any rate, the intra
muscular route is recommended as the IJre
ferred method of administration. Solu
tions containing 0.1 Gm. per cc. of' nor
mal saline may be used, and may be given
with 1 cc. of 110 procaine to avoid pai~l.l?

It appears that adequate concentrations
in some of the body fluids ma;y be obtained
wi th the same dosages used to produce sa··
tisfactory blood levels. Buggs13 examined
the peritoneal fluid in 4 patients opor
ated on for perforated peptic ulcer and
found concontrations of llt.9 to 25.5 mi
crograms per cc. within one to two and a
half hours aftelointravenous injection of
0.5 Gm. Zintel demonstrated that param..
teral administration for more than a fow
hours produced apprOXimately equal blood
and peritoneal strelltom;ycin levels. In a Therapeutic levels of streptomycin
patient with ascites secondary to carcinc:.la- in the cerebrospinal fluid following
tosis receiving 0.125 Gnl. every three parenteral injection occurs only if men
hours intramuscularly, the peritonev.l fluid ingi tis is present. Blood levels of 17,
level was 23 units per cc. and the blood 27 and. 13 micrograms per cc. were asso-
level 15 units per cc. at tho end of 24 ciated with spinal fluid levels of 1,
hours. Similar results for diffusion into 1, and 5 respectively after parenteral
pleural fluid were noted in two patients adlninistration to patients withlBo evi-
receiving the same dosage. After ;.~h hours dence of' corebrospinal disease. On
the pleural fluid concentrations wore 18 the other hand, an infant with H. influ
and 7 micrograms per cc. and the correspon> onzae meningitis had a spinal fluid leve
ing blood levels were 15 and 20 respoctive- of 25 micrograms per cc. after receiving
ly. Adcock and Hettig14 found that follow- 1 Om. in 24 hours. 10 These observations
ing a single dose of 0.5 Gm. intrmnuscular- have been confirmed by others. Buggs13
ly, the levels in pleural and ascitic found spinal fluid levels as high as
fluids rose as the serum level foll. 41.6 mg. six hours after intramuscular

administration of 0.75 gm. to a boy with
tuberculous meningitis. Another patien
with tubergulous meningitis was treated
by Roimanlb with 4 Om. daily by continu
ous intravenous drip. Spinal fluid
levels in this case ranged from 16 - 20
mg./cc. Heilman12 states that spinal
fluid concentrations apprOXimate 1/5
that in the blood serum. Therapeutic
concentrations of streptomycin can also
be found in the spinal fluid 24 hours
after intrathecal doses of.02 Gm.

Large amounts of streptomycin aro ex
creted in the bile. Zintel collected
3500 micrograms in 24 hours in tho bile of
a patient receiving 0.125 Gm. every three
hours by intramuscular injection and fOUDd
a concentration of 10 micrograms ~er cc. of
bile at the end of 24 hours. Heibnan12
roports that two hours after the injection
of 0.1 Om. of streptomycin subcutaneously,
the bile contained 12.5 micrograDls per cc.
aIld the.blood serum 6 micrograms per cc.
zaslow15 studied 23 patients in whom 0.1
Gm. was administered after insertion of a Excopt for very slight amounts that
"T'} t b . t th- u e ln ° (3 common duct. Those pa- may appoar in the blood or urine,
tients with normal livers excreted large streptomycin when given orally is ex-
amounts of streptomycin in tho hopatic bile. crated entirely in the feces. That it
On tho other hand, where obstructivQ is not inactivated by gastric juice was
jaundice was present, excretion of strep- shown by Anderson and Jewell. l ( Large
m;ycin was poor. Streptomycin might be of concentrations ap}Jear in the feces with
most value in troating biliary infections, striking reduction of E. coli and other
therefore, when obstruction is absent. organisms generally present there. Thus

)
1

"'
"
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Reiman, Price and Elias16 were able to
eliminate E. coli from the stools of
several patients with carcinoma of the
colon after administoring 2 - 5 Gm. per
day orally for one to five days.

Toxic Effects

Toxic effects from streptomycln have
beon studied in both animals and humans.
An extensive study in animals was con
ducted by Molitor

8
and his associates at

Merck Institute. l AniLmls could he
killed by large doses parenterally with
acute symptoms of restlessness, respira
tory difficulty, coma and death with no
histologic evidence of acute toxicity.

Non-fatal acute effects were produced
wnich were identical to those resulting
from histamine, a sudden drop in arterial
blood pressure with peripheral vasodila
tation. Different species varied in
their susceptibility to chronic toxici t;yr.
Administration of 25 mg./Kg. to monkeys
for five days resulted in reversible fat
ty changes in the liver and kidneys.
Similar findings were noted in dogs. Mice,
rats and guinea pigs, on the other hand,
were free of such signs.

Human toxicity appears to be due to
impurities in the products as well as to
streptomycj.n itself. Both acute and
chronic manifestations of tOXicity occur.
Those that are probably due to im~urities

are pain at the site of injection, gene~

ali zed muscular aches, joint pains, chills,
fever, and histamine-like effects consist
ing of flushing of the skin, headache,
dizziness, fall in blood pressure and
nausea. These histamine-like effects have
been reduced by purification of the pro
duct. Pain at the site of injection can
be partially controlled by the addition
of 1% procaine. McDermott9 has found
that use of a highly purified fonn of cry
stalline streptomycin is accompanied by
minimal discomfort.

It appears likely that the skin erup
tions which occur are the reault of sen
sitization to the streptomycin Hself.
They can be produced in sensitive persons
by reinjection of small amounts of strep
tomycin many days after the drug has been
discontinued. Benadryl has been found to

114

be effective in relieVing some of the
drug eruptions.

Studies of renal function and liver
function follOWing large doses have
been mad.e and no disturbances have been
noted. 12

Signs of renal irritation with casts,
albuminuria and microscopic hematuria
have been produced with repeated large
doses.

A serious toxic effect appears to be
involvement of the eighth nerve and
vestibu~ar apparatus. Vertigo is a
fairly common complaint, especially in
ambulatory patients and is present in
those receiVing brief as well as pro
longed courses of treatment. Hinshaw
has found that almost every patient re
ceiving large doses for long periods of
time suffers some impairment of vesti
bular function. wnether or not vertigo
is present, disturbances can usually be
demonstrated by caloric tests. He be
lieves that this impairment will prove
to be permanent, although vertigo may
disappear when use of other sensory
systems is substituted to restore the
senso of balance. Both vertigo and
tinnitus are indications for reduction
in dosage. 9

Experimental Infec.ti~~~

Table 3 lists the organisms which
are said to be controlled by streptomy
cin in experimental animal infections.

Bru.cella abortufj: Jones, Metzger,
Schatz and Waksman protected chick em
bryos with streptomycin from B. abortus
infection. 20 Hall, in our own labora
tories, has confirmed these observations
in part. However he found that strepto
mycin did not always sterilize the
embryo and its fluids.

Live, Sperling and Stubbs produced
n bacteriostatic effect in guinea pigs
with 5000 units of streptomycin daily.21
45% of animals in which treatment was be
gun on the day of infection were free of
organisms. Use of 20,000 units daily
appeared to eliminate the infection from
all animals.
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'rablo 3

Mice
Mice
Mj.ce
Hamsters

Complete
Partial
Partial
Complete

~~~:~t~~l_~ni:oa~ ~l;£~~~~~_~~~:~~~~~==~;n~_"-~~:~~t~r8_. _
Complete I Guinea Pig I B. abortus Live, SperHng and Stubbs
Complete I Chick Embr;yo I B. abortus Jones, Metzher, Schatz and

. I and Waksman
Partial I Chick Embryo B. abortus I W. H. Hall

I .
Complete ! Chick Embr.)-o I Shigella gallinarium I Jones, Metzher, Schatz

I
! I and ·Faksman

Pasteurella tularense . Heibnan
I Murine Pertussis "Bradford and Day
I Borrelia novyi Heilman
i Leptospira I

icterohaemorrhagiao I Heilman
Complete Rabbits T. pallidum Dunham and Rake
Partial Guinea Pig Pusteurella pestis Wayson and McMahon
Partial Mice Klebsiella pneumoniae Heilman
None Chick Influenza Virus I F'lorman, Weiss and Corriel
Nearly I Guinea Pig Mycobacterium tuber- ! Feldman, Hinshaw and Marul

complete I i culosis I
Partial 'I' Guinea Pig I.· "It I Smith and McCloskey
Partial Mice ! It It "I YOl.unans and McCarter______-'-, .J . .._ _._.__ . _._~_--.------_---_-.---------

J

Pasteurella tularense: Heibaan
showe-dc'ancius i ve i~T- ·th3.-C adeqnEt to do s
age protected mice against heavy inoc [110.
tion with a very virulent strain. 22

Pasteurella llestis: The promising re
sults -;'1 th-streIJ'tomyc:Ln jon controllinG
Pasteurella tularense infections suggests
that it mieh-c also be of' value in the
treatment of plague. Wayson and McMahon
used streptomycin in guinea pigs infected
either by artificial inoculation or flea
bi te and fOlmd com';:llete cure or arrest
in nearlJ; all of the animals. 23 Its value
appeared to be as great as that of sulf~

diazine and greater than sulfapyrazine,
both of which have been recownended for
clinical use. A few animals wore troated
wi th a combination of streptomJ"cin and
sulfadiazine but the results were no bet
ter than streptomycin alone. The fact
that therapy was withheld until clearcut
signs of plaGue developed, adds to tho
significance of these ex~)eriments.

SalmonelJ:.~_: In the same report re f'erred
to preViously, Jones, et 0.1 protected mice
from Salmonella Schottmlillerei with
190 mg. of streptom;ycin in four divided
doses.

Klebsiella Pneumoniae: Heilman
.----...--:---.-.,-..---. T-"--- .

found surVlval In 90~'o of streptomycln
treated mice inoculated intra-abdominal
ly -.rith relatively huge doses of Fried
lander's organisms. Similar results
were Qbtained after intranasal inocula
tion.c.:.4

')--

Borrelia novyi: Heilman~) determined
the---eff'octi-veness- of streptomycin in
reducing both the mortality rate and the
relapse rate in mice infected with this
organism, the causative agent of .~eri

can relapsing fever. The mortality rate
was found to be 8% in the treated animalE
and 20'/0 in the untreated. The effect on
relapse rates was much more striking.
OnlJ' 11% of the treated animals compared
to 8~)~h of the untreatod anL'1lals had re
currences.

Leptospi_ra icterohemorrhagiae: Strep··
tOmYciIl-provfdes- ~9mpletE;protGction in
hamsters (Heilman J). The mortality rate
was 100% b;r the ninth day in untreated
animals whereas those receiving strepto
mycin remained en~irel;y well. Penicillin
appeared to be equally effective in
smaller doses.
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_Trepon.el!.~ pa~li~~:_ streptomycin is
far less potent than penicillin in treat
ing e1Cperimental syphilis. Dunham and
Rake20 found that a minimum of 375 mg./kg.
of streptomycin was required to cure in
fected rabbits whereas .088 mg.jkg. of
:Gienicillin was effective.

M;ycobacteriUl.;lJ. tuberculosis.: Several
authors have demonstrated that strepto
mycin is effective in experimental tuber
culosis of guinea pigs and mice. In
guinea :pigs receiving adequate doses of
streptomycin no clinical and almost no
pathological evidence of tuberculous
infection was found. On the other hand,
untreated animals inoculated with the
same organism invariably showed wide
spread active lesions. F8lw~~n, Hinshaw
and Mann2 { used a method for mWlerically
evaluating the degree of infection on the
basis of lesions in the spleen, lung,
liver and site of inoculation. Expressed
in this fashion, tho average index of in-
fection for treated an~nals was less than
5 and for untreated animals was 67 to 80.

YOl 1TJlanS and McCarter28 noted similar
results in mice. They found tubercle
bacilli in a+l treated animals but made
the observation that active phagocytosis
was occurring. This was ~~nifested not
only by the actual presence of organisms
in the phagocytes but also b;V the in':'
crease in foamy cytoplasm in these cells.
Foamy cytoplasm was regarded as an in
dication of bacterial digestion.

The value of streptomycin in various
human infections has been less than pre
dicted by in vitro and animal experiments.
Nevertheless, a-ni:imber of' clinical condi
tions formerly resistant to any specific
treatment can now be cured with proper
administration of streptomycin. Table 4,
taken from Keofer9, is the best avail
able summary of results in human infec
tions, not including tuberculosis.

Table 4

4

3
88

8
12

6
2

30

154

5

29
305

5
2

36

453

14

1,000Totals

------'---.-~-. .._.__.".__..~-,_.---,- -- - ...----.".-"""l---.---.--.-------~. --------... - -
Number I Results

of r-Recov--'-"Inl- -;;CN::-o---
patiGnts~ ered proved Effect Died

Urinary tract infecti~~~-':::~::C:--~ .--=---:-..:.::.c4o~t==c:..I-..::::-:::0i==-=.:=---i45··'=:::--:::-:84-·'=-=~-'-9"=--=

H. influenzae meningj.tis 100 66 14 3 17
Bacteremia . . . . . . •. 91 49 12 4 26
Tularemia . . . . . 67 63 3 1
Pulmonary infections 44 15 14 7 8
Brucellosis 45 30 15
Typhoid 51 51
Salmonella . 26 10 2
Peritonitis 53 36 3
Meningitis due to gram-negative

organisms other than H. in
fluenzae . . . . . . .

Shigella dysenterj.es . .
Miscellaneous infections

---- ------_._---- _...._-----_.._--'--_..-.-------_._-.._-------- - ..

Tularemia is foremost among the condi
tions responding to streptomycin. At ..
tempts to treat the disease with sulfona
mides, specific antiserum, and vaccines
have been unsuccessful. Streptomycin on

the other hand results in a pron~t re
duction in fever and relativelv raDid
recovery. Herrell and Nichols19 r~ported
15 cures in 15 cases treated. An anal
ysis of 12 other cases reported is shown
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in Table 5.

50 da.

17 da.

85 da.

"

lMal
IDiS
lability
I

';=-=---f=~;=--:;'
q.3H.for 5 day~ 42 da.
" I 50 II

!

Dose

Gm.

0.4Gm. q.3H. - 2 days
0,25Gm.q.3H. - 4 days

1 am. 'day - 7 days

1 Gm. 'day - 2 days

1 GIn./day 8 da,Ys

I 1 GIn./day - 3 days
10.5 Gm. 'day- 2 days

'r am. in 10 days

combined use of streptomycin, sulfadia
zine and type-specific rabbit antiserum
in severe infections since streptomycin
alone was often disappointine, probably
because of the rapid development of bac
terial resistance to the drug.

Perhaps 'the most important factor in
successful therapy j.s early recognition
and treatment. In chronic i~fections,

exudates block off subarachnoid spaces
which harbor the organisms and render
them inaccessible to the therapeutic
agent. A nwnber of the fatal cases in
KeeLer's series9 were cor:lplicated by
spinal block. The recommendation by
Platou31 that heparin and air injections
be used in conjunction with Alexander's
specific SertIDl, might also apply equally
with use of strcDtomycin in these infec-

30-
tions. Durant '- treated three l)atients
with H. influenzae (tn)e B) pulmomry
infections with strepto~ycin and the re
sult,s were good.

Pneumonia

Peritonitus
I

Pneumonia,
! PrognaI).cy
,Pneumonla

!1'neUllionia

iO.10m. q. 3 H. 35 II

,Pneumonia 10.1 Gm. q. 3 H. 90 "
-1__ .._ .._.__.__ .... __ . .__ " ..-.----------...-

2

9

2'(

Typhoidal

Typhoidal

Abe147

Cohen &4 Typhoidal
Lasaer...9

Abel

Abel
48Gordon

Howe,
at a129

Howe,
et al

Table 5_._-

The accepted dose now appears to be
1 Om. daily j this dose usually causes
disappearance of fever i.n 24 hours. It is
interesting t~9 three chronic cases re
ported b.y Howe appeared to be uninflu
enced by streptomycin. These wore pa··
tients treated months after the acute
stage because of continued fatigue and
fever. It "ras suggested that the low
grade fevor and other 8JL~p.toms were not
due to residual active infection but to
foci of necrosis in visceral l~l~h nodes.

A second organism against which strep
tomycin has been found very' effective
clinically is H. influenzae. A la.rge num
ber of cases of H. influenz.ae moningi tis
have been treatod with streptm~cin.

Xeefer's report9 includes 100 cases with
a mortality rate of 17% compared with 92 
100% in untreated cases. Weinstein30
prefers the use of strepton~cin alone
without concomitant sulfadiazine or
Alexander I s rabbi t

5
sntiserwn. I~ecently,

however, Alexander has suggested the

I
I
I:-----+------_--_---<1-------

-----~---_.__.__. _._-[- ._---_.. _._-_._._--- .-,..-------
Report- jDay Dura- i Conrpli- I
ed b;y- Type ~~~~t- t~~n I cations,

Foshay46 UlCe~Oglandul~ftar:e_~_-_F_::er+ _~ ~. 25

Foshay UIceroglandUl[\~ 23 32 I
Foshay Ulceroglandula 17 35 I I
Foshay Ulceroglandula~1 20 22

Foshay Ulceroglandula~ 103 111
I I! IIUlceroglandulari 7 \' 8

Ulceroglandular 8 I 9~

Ulcoroglandular 20 I 21

Typhoidal I 10 I ~l-}

I 29

Il~
!

,
J

.J,
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The most extensive trial of strepto
mycin ha~ been with urinary infections.
Helmholz 3 measured the bactericidal
power of urine from a patient receiving
2 am. dai1;y in whom the urine concentra
tion was 1330 micrograms per cc. He
found that E. coli and A. aerogenes
were almost 'completely eliminated with
concentrations of 66 micrograms per cc.
75 micrograms per cc. were lethal to
Proteus ammoniao and 100 micrograms per
cc, to Strep. faecalis and Pseudomonas
aeruginosa. It has been found that doses
of 0.3 GIn. intramuscularly every throe
hours produce average urine kevels of
70 - 100 micrograms per cc. 3 Hence it
is not surprising that some observers
have reported better results with Proteus
ammoniae and A. aerogenes than with Pseu
domonas aeruginosa. 1-/hen a composite
study is made of all treated cases, how
ever, little difference in the clinical
response can be found. The general re
covery rate seems to be about 42%.

Management of a urinary infection re
quires a number of procedures and pre
cautions in addition to the mere adminis
tration of streptomycin. The infecting
organisms must be identified and their
sensitivity dete~ined so that adequate
dosages and urinary concentrations may be
obtained. Resistance develops very
rapidly and sensitivity is readily re
duced beyond the range of therapeutic
possibility within a short time. Further
more, it must be realized that streptomy
cin does not eliminate the need for ade
quate surgical ma~~ement of these cases.
Herrel and Nichols and others suggest
that better antibacterial results are ob
tained with an alkaline urine. Strepto
mycin reduces alkaline copper solutions
in urinary concentrations of 1,000 micro
grams per cc. This test might be used as
a guide to adequate dosage in non-dia
betic patients.

No clear cut alteration in the course
of typhoid fever has been produced in the
cases stUdied so far. Reimann35 advised
both oral and parenteral administration
for the purpose of sterilizing both the
blood ~nd feces. But in his 85 cases,
Keefer reported 15 who received both
oral and intra-muscular therapy with no
better results than with intramuscular
injection alone. The observation of
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Manwaring4 that large oral doses failed
to clear the feces of E. typhi has al
ready been mentioned. Goodpasture's idea
that typhoid bacilli live intracellular
ly in magrophages has been offered by
Reimannl as one explanation for the
disparity between in vivo and in vitro
results. Their intracellular existence
may protect them from streptomycin in
the blood and tissues. Yet Pasteurella
tularense, which also produces an intra
cellular infection, is readily destroyed
by streptomycin.

An important effect on typhoid or
ganisms has been noted in experimentat
animals by Welch, Price and Randall. 3
They injected various doses of strepto
mycin into the peritoneal caVity of
white mice infected by intraperitoneal
injection of E. typhi. The mortality
rate of the mice receiving 0.25 to 1
microgram was seven to ten times as
great as the untreated controls. With
1.5 micrograms the mortality rate was
no greater than that of the controls.
Hence small doses of streptomycin
actual1;y favor the propagation of the
infection.

Results following the treatment of
Salmonella infection with streptomycin
have been no better than with typhoid
fever. Slanetz39 has had encouraging
results in laboratory mice. Human in
fections have seldom been strikingly

. influenced by its use. Of 26 cases re
ported, only ten recovered under treat
ment. 9 Results in the treatment of
brucellosishave been no more striking
than with typhoid fever. Many cases can
be classified as unequivocal f~ilures,

showing no response whatever. Those who
have shown improvement while receiving
the drug cannot be properly evaluated
until further time has elapsed.

In f9ne cases reported by Nichols and
Herre1 streptomycin seemed of value in
only one. Success here was attributed
to removal of the spleen in conjunction
with thre~ courses of streptomycin. In
Reiman'slb three cases on1;y one received
any benefit. Just as in typhoid, the
isolated strains have been found to be
markedly sensitive in vitro. The report
by the Committee on-chemotherapeutics
listed 45 cases, a third of which were
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entirely unaffected. Although the others
showed a reduction of fever during treat
ment and only two relapses in three to
eight weeks, it is too early to foretell
the eventual outcome of therapy.

Treatment of E. coli urinary infec
tions has already been mentioned. Pa
tients with meningitis, peritonitis and
bacteremia due to this organism have re
ceived streptomycin with perhaps better
results than in the case of the urinary
infections. Herrel and Nichols studied
two cases of bacteromia secondary(to
urinary tract infections; they found E.
coli in the urine after the bacteremia had
been eliminated. Similarly, Muellner and
Rotenberg37 treated a patient with severe
peritonitis following surgicalinterven
tion for urolithiasis. Streptomycin was
g~ven with dramatic results. The periton
itis appeared to be completely eliminated,
but persisted in the urine. Three cases
of E. coli meningitis treated successfully
are listed in Keefer's report.9

Thore appears to be a definite place
for streptomycin in the treatment of cer
tain varieties of subacute bacterial endg
carditis according to Priest and McGee. 3
In one of their three cases a typical
Strep. viridans was recovered which re
sisted large doses of penicillin. The
lethal dose of streptomycin was found to
be 0.1 microgram per cc. Although the pa
tient died five days after streptomycin
treatment was started, the fibrin deposits
on the valves were sterile when examined
at autopsy. In the other two cases, non
hemolytic streptococci were isolated from
the blood with in vitro sensitiVity of one
microgram per c~ Both recovered with
streptomycin therapy after penicillin
failed to produce negative blood cultures.

FriedlHnder's bacillus (K. pneumoniae)
is among the less common pathogens
against which streptomycin is effective.
An outstanding example of successful
therapy against this o~Banism is reported
by Learner and Minnich who reported an
instance of Friedlfulder' s pneumonia in
which recovery promptly took place upon
administration of 1.6 Gm. daily for 10 days.
Eight of twelve cases in Keefer's series9
were said to improve after strepton~cin.

Two cases with bacteremia were also listed,
both of which recovered. Horrel and
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Nichols19 mentioned five patients with
ozena from which K. pneumoniae was re
covered. Symptoms improved in four
cases but returned in two after treatment
was discontinued. In the two cases which
had recurrences, increased resistance
of the organisms to streptomycin was
found.

Several infections of interest are
included in a miscellaneous grouping as
there have been too few of each treated
to warrant separate classification:

Syphilis: Streptomycin in doses up
'to 10 Gm. was ineffective in four
cases. 19

Ulcerative colitis: A patient was
given streptol~cin after becoming
moribund. Definiteclinical improve
ment resulted but unexpected death
from pulmonary embolism occurred. 41

Bronchiect~s~_f3~ In treating p~tients

with aerosol penicillin, Olson 2
found elimination of gram-positive
and persistence of gram-negative or
ganisms. Gram-negative organisms
were eradicated from the sputum by
strepton~cin aerosol. The dose con
sisted of 0.5 Gm. of streptomycin in
20 cc. of physiologic saline daily.
A combination of penicillin and strep
tomycin aerosol was advised for use
in preparing patients with bronchiec
tasis for surgery.

GonorrQ~?-: Debakey reported 5 cases
of gonorrhea resistant to sulfadia
zine and penicillin which were cured
with streptomycin. 19

Prophylactic us~: Two patients were
given streptomycin to prevent peri
tonitis after soiling of the periton
eum d~ing surgery. Results were
good. 3

Corneal ulcers: Instillation of two- --
drops in the conjunctival sac every
two hours resulted in shorter dura
tion of pain and quicker healing of
ulcers. It was considered a useful
adjunct in the treatment of corneal
ulcers. 44

Only a brief statement can be made at
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the present time cODcerning the treatment
of tuberculosis with streptomycin. Separ
ate reports have been submitted by Hin
shaw and McDermott to the Committee on
Chemotheropy9, based on a study of 7'.;
and 12 patients respectively. In gener
al, it may be said that streptomycin has
a definite but limited suppressive action
on pulmonary and extrapulmonary lesions.
In 12 cases of generalized miliary tubercu
losis, for example, some had complete re
missions characterized by negative chest
x-rays and absence of fever. Nearly all
of these cases eventually died, however.
Although some died with evidence of heal
ing, it was found that tubercles within
the brain substance were not affected.
As regards pulmonary tuberculosis, Hinshaw
stated that chronic fibrocaseous tuberculo
sis is not improved by streptomycin. On
tho other hand, acute pulmonary tuberculo
sis, eve~ if far advanced, often improves
greatly. 5

Other types of tuberoulosis studied
by Hinshaw include:

Osseou~ - five cases with encouraging
results.

1?I'aiIl.:imLfi~tulas_- 15 cases with com
plete closure in all. Recurrence of
drainage can be avoided by the contin
ued use of strepto~Tcin for three
months.

Kidne;Y __1!l:fecttQ.~l?_ - 15 cases. In nearly
every case tuberoulous bacilluria has re
curred after treatment was discontinued.

Emp;zema - 7 cases. Instillation of
streptomycin into empyema cavities
produced no beneficial results. This
may be the result of streptomycin in
hibition in an acid medium.

La~goa~ - apparent complete cure has
resulted from the combined use of
intramuscular and aerosol streptomycin.

For the most part, Hinshaw has found
that streptomycin does not eradicate infec
tions and believes that its chief use will
be as a palliative measure in conjunction
with other forms of treatment.
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Clinical Evaluation of Streptomycin
at the University of Minnesota

In February 1946 we were given the op
portunity to cooperate with the Commit
tee on Chemotheral)eutic and Other Agents
of the National Research Council in the
clinical evaluation of streptomycin.
Since that time 22 patients have been
treat~d with streptomycin under our
direction. Prior to that time one pa
tient had been treated with supplies
obtained from Merck & Co., Inc. The
present report summarizes briefly the
clinical course and therapeutic result
in these 23 patients. The use of the
drug was confined to the treatment of
infections due to gram-negative bacteria
generally considered to be sensitive to
the action of streptomycin. In accord
ance with instructions from the Committee
on Chemotherapeutic and Other Agents we
sought to use the drug particularly in
tularemia; acute and chronic brucellosis
with bacteremia; bacteremia due to
Escheriohia coli, Proteus vulgaris,
Pseudomonas aeruginosa and Salmonella;
severe resistant urinary tract infec
tions due to gram-negative organisms and
meningitis due to Hemophilus influenzae
and. other gram-negative bacilli. The
treatment of. tuberculosis was not a part
of this clinical study.

The streptomycin was supplied in the
form of a white crystalline powder, eithe?
as the sulfate or hydrochloride of the
streptomycin base. It was packaged in
sealed ampules containing 0.4 to 1.0 Gm.
of the streptomycin base. The powder
was dissolved in physiological saline
and given by intermittent intramuscular
injection every three hours. It was
also given intrathecally once daily in
one of the patients with meningitis. The
dry powder and freshly prepared solu
tions were stored in a refrigerator.

In each patient treated with strep
tomycin repeated attempts were made to
identify the organism causing the infeo
tion. Repeated blood cultures were
made in tryptose broth and tryptose
agar pour plates (aerobic and under 10%
CO2), In many instances the comparative
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Patient 2. 28, female, was
operated upon 1/22/46 because of recur
rent intestinal obstruction. A portion
of the bowel was resected and an ileo
colostomy performed. Urinary frequency,
urgency and dysuria appeared in Decem
ber 1945 and persisted following the
operation. Her temperature ranged up
to 1020 F. Urine cultures revealed
E. coli and non-hemolytic streptococci.
A diagnosis of cystitis was made. There
was no improvement with sulfathiazole
and penicillin. With streptonvcin her
urine became sterile and she had no
urinary symptoms for three weeks. How
ever, she then had a recurrence of
urinary frequency and dysuria,

]?ati.ent_!±.. - 28, female, :had
recurrent left flank pain and diabetes
me~litus for many years. On 8/6/46 gross
hematuria, pyuria, fever and left flank
pain set in. Cystoscopy revealed that
the left relli~l pelVis was dilated and
filled with pus containing E. coli. Her
symptoms continued in spite of sulfadia-

He was catheterized frequontly thereafter
because of urinary retention. Frequency,
dysuria and fever became marked. Throm
bophlebitis of the right lower leg
veins developed on 4/20/46. Benign pro
static hypertrophy and pyuria were pres
ent. Urine cultures yielded E. coli and
non-hemolytic streptococci. He was
given penicillin and sodium sulfadia
zine in moderate doses with benefit.
With strepto~ycin therapy his temperature
declined and urinary Sjr.mPtoms became
less marked. However the pyuria and
bacilluria continued.

Patient 3. - 20, female, had
diabetes mellitus for nine years and
had been pregnant 18 weeks. For two weeke
she had fever, right flank pain and al
btuninuria. Sulfonamides caused nausea.
Her fever was septic and her diabetes
difficult to control. Urine cultures
revealed Aerobacter aerogones. Mandelic
acid and an acid-ash diet were given
without benefit. With streptomycin she
.bece.me afebrile and her hack pain disap
peared. The urine became sterile tempor
arily, but four days after the streptomy~

cin was discontinued the bacilluria re
currod.

2

4

3

1

1

1

1

1
2

23
._~_._-_.-

7

-~o. of
'patients

Total

Disease

Types of Infections Treated
with Strepto~_i_n __

In Table 7 the most important features
in the treatment of seven patients are
given. A brief abstract of each case
follows:

Patient 1. - 69, male, had a
total gastrectomy for carcinoma 4/5/46.

1. Urinary tract infections
due to gram-negative, non
spore forming bacilli

I

5. Tularemia I
1

6. Pneumonia due to ,
Friedlffnder's hacillus . I

7. Meningitis due to an unidenti
fied gram-negative bacillus I

sensitivity of the organiam to sulfadia
zine, penicillin and streptomycin was
tested in vitro.

2. Bacteremia due to gram-negatiVj
bacilli:

Escherichia celi I
Esch. coli and Aerobacter I

aerogenes I

I
3. Salmonella infections I

Gastroenteritis
Septicemia

4. Chronic brucellosis
with bacteremia
with bacteremia and bacterial

endocarditis

A summary of the types of infections
treated with streptomycin is given in
Table 6,

Urip.a:rL1~Q~LJ!fJ~c!J..<2..ns..9-ue __~g
_Gram-negEl~!~~_~c?"~.~_~;p,?r~!~rmin~~a~_il~~_

i
;
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Table 7----
Streptomycin ~herapy': .. in ~rinary Tract Infections

. Patient: Complicationsl Duration of Illness an~ Urine Culture Streptomycin IResults

~ .=freV~~~T~~~tment I .__ ~ose in Gm. I
!. -.- Thrombophle- 8 days. Penicillin 11 E. Coli. 19 Gm. in Improved

69 M. bitis. Recent 160,000 U./da. x 14. INon-hem. ,14 days I
Gastrectomy Na Sulfadiazine 4 Gm./ Streptococci I ---+-'

da. x 8. , I ----
-2- . Recent bowel _..- --, I

28 F.. obstruction & 3 months. i E. Coli. 6 Gm. '. ITemporary

Iileocolostomy Sulfathiazole 1 Gm./ INon-hem. l'in 6 days I.Improve-
da. x 14. Penicil- Streptococci. ment

I lin 160,000 U./da I I
I I I

I
x 12. I I I --.-----t-o-- ._---. I i

3. Pregnancy j 2 weeks. 'I Aerobacter 22 em. I Improved
20 F·ldiabetes Mandelic acid and aerogenes I in 6 days I

4. !~nal c~rtical ::i;:::~-:diet._.._-t; C~li. _··t,31:75 -G-m-.--tl-
N
-
o
----

- 28 F. abscessj Sulfadiazine 20 em. IA. aerogenes. in 6 days ,Benefit
pynoephrosisj in 8 da. Penicillin. IStaph. I !

___--II'-d_i_abet~_s_._ Surgery' 1 (coag. j.). _-+-.___ i,, _

5. iBenign pro- 6 months. IA. aerogenes. ~l 10 Gm. ,Good
- 52 M·istatic hyper- Transurethrcl resec- IProteus vul- in 5 days

Itrophy tion, sulfadiazine 'Baris I I-..,__-+1__ . and penici~:_i~. J --L.. 1 ..

6. IProstatitis. 1 month. iproteus vul- 123 Gm. !No
- 68 M. ,Purulent del- .j.penicillin 3.20,0.00 Igar.is (also Iin 12 clliys. IBenefit

... Itoid .burs!tis _ ~./~~.:.-~}.?_. . ~~~ur..::.s) '-.-i-------
~IUreteral ob- 6 years. !P. vulgaris. I

36 F. structionjBilat. nephrostomy jA. aerogenes. 124 em. in No

'

renal calCUlUSjlpenicillin. IStrep. viridan~ 12 days Benefit
renal insuf- !SUlfadiazine IHem. & NOB-hem I

Ificiency \ strep., staph. I
I I(coag. j. ). I

-- ' -L- ----_.---.__.__._..~- _ ---.._---------l----

zine therapy. On 8/18/46 a large cortical
abscess was resected from the mid-portion
of the left kidney. The defect was closed
and an aberrant vein obstructing the left
ureteropelvic junction was ligated and
divided. A plastic procedure was then
carried out to relieve the obstruction.
Urine cultures revealed E. coli, A. aero
genes and Staphylococci (coag. ~). Fol
lowing the operation hor urine output was
good but she was febrile and considerable
green pus containing Ps. pyocyaneus and
staphylococci (coag. f) welled from the
wound about the nephrostomy tube. Despite
the concurrent use of streptomycin, peni
cillin, sulfadiazine and alkaline salts

she co tinued to have fever, pyuria and
bacilluria. The wound infection sub
sided slowly after the streptomycin was
discontinued.

Patient 5. F.K. - 52, male, was
operated upon in October 1945 for benign
prostatic hypertrophy. His post-opera
time course was complicated by a urinary
tract infection due to A. aerogenes and
staphylococci (coag. ~). He was treated
with penicillin and sulfadiazine, but
urinary frequency and dysuria persisted.
A urine culture taken just before the
streptomycin therapy yielded A. aero-



genos and Proteuc vulgaris. With strep
tomycin therapy his urinary symptoms dis
appeared and the urine became sterile.
However, shortly after the drug was dis
continued the urine contained non-hemolytic
streptococci, diphtheroids and staphylo
cocci (coag. -).

Patient 6. - 68, male, had a
transUrethral resection of the prostate
for benign prostatic hypertrop~y on 4/3/
46. This was immediately followed by
chills and a septic fevor not influenced
by a prolonged course of penicillin and
sulfadiazine. On April 18th pain and .
swelling over the right deltoid bursa
appeared. Cultures of the urine and of
a cloudy fluid aspirated from tho bursa
revealed Proteus vulgaris. Streptomycin
was givon from May 2nd to May 7th "Then it
was discontinued because of the appearance
of severe urticaria. The skin eruption
faded and on May lOth streptomycin therapy
was reinstituted with another brand. There
was no recurrence of tho urticaria. On
May 9th the bursa was aspirated and 0.125
Gm. of streptoIrlJ'cin was injected into the
caVity. The streptomycin did not appear
to have any beneficial clinical nor bac
teriological effect. On May 17th the
bursa was drained surgically and a large
amount of sero-pu.rulent mEJ.terial and
necrotic synOVial tissue removed. His
fever declined by lysis and his shoulder
pain gradually subsided following this
procedure.

Patient 7. - 36, female, develop-
ed bematuriii; chills, fever and bilatoral
flank pain in 1940. Each attack subsided
with bed rest but recurred several times
during the next six ;yoars. she was ad
mitted to this hospital in January 1946.
At that time urine cultures yielded A.
aerogenes, Proteus vulgaris and st~phy

lococci (coag. f). The P.S.P. test indi
cated marked reduction in renal function.
An intravenous pyelogram indicated the
presence of hydronephrosis on the left
and a ;'staghorn" calculus in the right
ronal pelVis. A left nephrostomy was per
formed. Two months later no improvement
in the renal function could bo demonstrated.
Despite penicillin and sulfadiazine treat
ment the urine cultures continued to show
a mixture of bacteria: A. aerogones, Pro
teus vulgaris, Strep. viridans, hemolytic
and noa-hemolytic streptococci and staphy-
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10cocci (coag. t). On 2/28/46 a right
nephrolithotomy was performed and a
nephrostomy tube inserted. Following
this she was febrile and her blood urea
nitrogen rose from 20 to 57 mg.%. She
was then given streptomycin, but there
was no clinical or bacteriological im
provement even with concurrent penicil
lin therapy.

Comment: In this group of seven
patientS;-gram-negative bacilli pre
dominated in the urine cultures. Clin
ical improvement coincided with the
streptomycin therapy in four patients.
However, in one of these patients
urinary symptoms recurred shortly after
the drug was discontinued and in the
others the bacilluria recurred. In
three patients there was no clinical
nor bacteriological improvement whatso
ever. The complete failures might be
attributed in part to the presence of
obstruction, calculi or necrotic tis
sue. In only one instance was a con
certed effort made to keep the urine
alkaline. The number of cases is too
small t9 attempt any correlation of the
clinical result with the type of organ
ism in the urine. No attempt was made
to measure the in vitro sensitiVity of
the organlsms tostreptomycin. One pa
tient with a metastatic infection of a
bursa due to Protous vulgaris failed to
respond to the injection of streptomycin
intramuscularly and locally but recover
ed promptly after surgical drainage of
the bursa. Proper surgical management
must accompany the use of streptomycin
to obtain desirable results.

Bacteremia due to
Grani-.:.nega-£ive BaCilli

Four patients with bacteremia due to
gram-negative bacilli will be discussed
separately although in three instances
tho portal of entry appeared to be the
urinary tract. The outstanding fea
tures in this series of cases are given
in Table 8. A brief abstract of the
course of each is also given:

Patient 8. - 72, male, was
operated' upon 8/14/46 for repair of a
ventral hernia. 48 cm. of s.mall intes
tine attached to the hernial sac was
resected. On 8/2)/46 his temperature
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Table 8

Streptomycin Therapy in Patients with
Bacteremia Due to Gram-negative Bacilli

Pat-i-en-t-"'"C-a-m-p-l-i-c-a-t--i-o-n-s-'--nur-a't -io-n-o-f-Il-ln--e-s-s--~IB-a-c-t-e-r-i-O-l-O-g;f--'--s-tr--ep-t-a-my-c-I-'n--rj -R-e-s-u-l-t-s--

and Previous Treat- ! dose in Gm.
ment

Good

Good

16.5 Gm. in
5 days

-- 1 .._

5.2 am. in
i 5 da;ys
I

Blood and
urine cul.,.
tures: E.
coli and
Aerobacter

taerogenes_____-L-.

1 month?
Known bacteremia 5
days. PenicillinIand sulfathiazole

---·..-----'1·-' ,-
Carcinoma of ,4 days.
blaadder; bi- "penicillin and
lateral ure- sulfadiazine
tero~colostomy;I
uremIa

I

• Bilateral
chronic pye
lonephritis

10.
57 M.

11.
74 M.

_._-- .,j--------_.. __ .._--

-====~F========I=====._=._::::-==::c== -..-.' t===::-,====:.=-=±:t--==.=-.-..:--:=--'-==IF==----
8. . Herniorrhaphy; 5 days. Blood cul- 12.5 Gm. in

72 M. resection of Penicillin for 4 days ture: 5 days
'intestine. L E. coli
Pylephlebitis communior

____ ~~i~o~_ta~ . -+_. 1--. _

9. Transurethral I2 days. Blood cul-
74 M. prostatic Penicillin for 2 days I ture: E. co-
__--l_r_e_section 2:!-.__ca_~_un i_o_r+- _'I>----

Blood and 4.25 am. in IDied
urine cul- 2 days
tures:
E. coli
communior I
1-------+--------1----IDied

,

rose to 102.20 F. and on each of the next
four days he had chills. On 8/21/46 he
became jaundiced and his liver was palpa
ble and tender. Blood cultures yielded
E. coli communior. There was no response
to penicillin, but with streptomycin his
fever promptly receded and his blood
stream was sterilized. His jaundice faded
and his liver became smaller and non-tender.
By 9/25/46 he appeared to be completely
well. The jaundice and hepatomegaly were
attributed to portal pylephlebit~s.

Patient 9. - 74, male, entered
the hospital becauso of urinary retention
due to benign prostatic hypertrophy. On
4/~4/46 a transurethral resection of the
prostate was performed. On April 27th
had a chill and fever. A blood culture
contained E. coli commtmis. His fever and
bacteremia continued in spite of penicillin
therapy. With streptomycin 0.25 Gm. I.M.
q. 2 h. his blood cultures became sterile
but the chills and fever persisted. When
the dose was increased to 0.5 Gm. I.M. q.2h.

his temperature promptly returned to nor
mal, and he recoverod uneventfully.

Patient 10. - 57, male, was ad-
mitted to the hospital in a semi-sturpo
ous condition. He had been in poor
health for several months and had com
plained of urinary frequency, flank
pain and urinary incontinence for one
month. He had been treated unsuccess
fully with sulfadiazine. His urine con
tained pus. Cultures of his urine and
blood contained E. coli communior. He
had a high fever which continued in
spite of penicillin and sulfathiazole.
streptomycin was started five days after
the bacteremia was disclosed. His
fever continued and he died 34 hours
after the first dose of xtreptomycin was
given. No autopsy was performed.

Patient 11_. - 74, male, had a
right extraperitoneal uratero-sigmoido
stomy on 7/19/46 for carcinoma of the
bladder. On 8/9/46 a similar procedure
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was carried out on the left. Following
the second operation he developed chills,
fever, oliguria and stupor. His blood
urea nitrogen rose to 158 mg.i. Cultures
of his urine and blood revealed E. coli
and A. aerogenes. There was no improve
ment with sulfadiazine or penicillin.
Streptomycin therapy was started 24 hours
after the presence of a bacteremia was
established. His fever declined somewhat
but the bacteremia continued. He became
ic~eric and a hemorrhagic, papular reup
tion appeared over the chest. He died
eight days after the second operation.
On the day of death blood cultures con
tained 180 colonies/cc. A. aerogenes but
no E. coli. Autopsy revealed carcinoma
of the bladder, left hydronephrosis,
cardiac dilatation and pulmonary edeLia.

Comment~ It seems apparent that at
least in some instances bacteremia due to
Escherichia coli will respond to strep
tomycin theraN·. The failure in patient
10 may be attributed in part to the fact
that he was moribund when the strept~ny

cin was started. In patient 11 the E.
coli bacteremia appeared to be controlled

but the number of Aerobacter aerogenes
in his blood stream was unaffected.
The response in patient 8 suggests that
portal vein pylephlebitis may be favor
ably influenced by streptomycin.

Salmonella Gastroenteritis---_. _.
and Septice~~_~

Three patients with Salmonella in
fections were treated with streptomycin.
Although this is only a small group it
is of particular interest since neither
penicillin cor the sulfonamides areef
fective in diseases due to Salmonella.
The essential data regarding these pa
tients are given in Table 9.

A brief resume of their clinical
course follows:

Patient 12. . - 17, female,
devehped severe abdominal cramps, nau
sea, vomiting and diarrhea shortly af
ter eating food of questionable purity.
She had a septic fever and marked ab
dominal tenderness, both direct and re
bound in type. She appeared to have a

Table 9

··----·---··----·--------t---------r----

Good4 Gm. orally
in 4 days

Streptomycin Results
Dose in GIn.

43.4 GIn. I.M. Good
in 13 days

Bacteriology

Feces - S. give.
Blood - Sterile.

monella disappeared from her stools.
The toxemia, abdominal tenderness and
diarrhea subsided coincident with the
use of streptomycin.

';patient !-3.: - 46, male, a cream-
tester, developed lumbar back pain and
a septic fever on 4/6/46. Chest x-rays
on 4/15/46 revealed a pneumonia on the

Duration of Ill
ness - Previous
Treatment

6 days
Penicillin
-_._-------+-

patien~l Complication~

~-~.~j Gast;oente~it~s

et:
7F•.

13. Pneumonia, sep- 5 months ~lOOd - S. orani-
46 M. ticemia and Penicillin and enberg. Feces &

spondylitis sulfadiazine urine - no patho-

i
~ gens

14. Carcinoma of \ 3 mo;ths .-- ,Blood-:-~-r-i-n-e-,----+--24-G-m-.-I-.M-.-+-D-i-e-d
lung. Septi- Penicillin : feces. in 9 days.

I
camia. Pleuritis. 1 \ S. enteriditis
Aspiration pneu- I

:---,=---:-_1 monia .
marked toxemia. The stools were foul
and watery and on culture yielded Salmon
ella. Blood cultures were sterile. She
was given parenteral glucose, amino acids
and penicillin but remained very ill.
After six days illness she was given
0.25 Gm. streptomycin orally four times
daily for four days. Her temperature
promptly returned to normal, and the Sal-



right upper and middle lobes with slight
involvement of the left upper lobe of an
unusual type suggestive of septicemia (Dr.
Leo Rigler). He had chills, delirium and
persistent high fever but no gastro
intestinal symptoms. He was given sulfa
diazine and penicillin with no effect.
When admitted to this hospital on 9/9/46
he appeared acutely ill. His lungs were
clear, but his lumbar spine was stiff
and tender. Faces and urine cultures re
vealed no pathogens, but blood cultures
yielded Salmonella oranienberg. This
organism was inhibited in vitro by '{5....-tig •
streptomycin per cc. X-rays of the chest
indicated clearing of the pneumonia but
x-rays of the spine revealed narrowing
the disc between the third and fourth
lumbar vertebrae. The margins of these
vertebrae were sclerotic and ragged. The
patient was given 43.4 am. of streptomycin
intramuscularly over a period of 13 days.
His blood cultures became sterile as
early as the third day of treatment and
remained so. After eight days of treat
ment his temperature returned to normal.
His spine became less painful and tender
although x-rays revealed no change.

Patient 14. - 77, male, recluse,
developed diarrhea, bilateral subcostal
pain, anorexia and weakness in July 1946.
He was hospitalized on 8/8/46 after an
episode of syncope. A diagnosis of auri
cular fibrillation and pneUlllonia "rae made
and after digitalization he was trans
ferred to the University Hospitals on
8/13/46. During the several '.veeks of
hospitalization he h~d an intermittent
fever ranging up to 103 0 F. Chest x-rays
revealed bilateral pleural effusion and
nodular pulmonRry densities resembl~ng

metastatic care-inoma. A bl',Jod cult;ure
on 8/31/46 'faS sterile. His fevor was
not effected by largo doses of penicillin.
His appetite ~~s very poor, resulting in
a marked weight loss and anemia. No pri
mary source of a carcinoma ,IaS elicited
after extonsive study. On 10/8/46 a
blood culture yieldet'L SaJ.n1C':J.ella enteridi
tis. This orgD.nism HclS also. is~.ated

from his urinE, cmd feces. It vlaS in-
hibi ted in. .!.i~:>~ by 5 .....(tg . streptomycin
per cc. On 10122/46 stre~)tom;yc1:.1 (0.5
Gm. intramusculnrly ever;y four h()u:~s) was
started. On 10/28/46 a blood culture was
sterile. Because of his refusal of food
he was given a li'luid diet through a nasal
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tube by slow drip. He was also given
several blood transfusions. He became
less febrile and his general condition
improved, but on 10/29/46 he aspirated
some of the liquid feedings into his
lungs. FollOWing this his condition
became much worse and he died on 10/30/
46. Autopsy revealed bilateral pulmon
ary nodules and a fibrinous pleuritis
on the left. The microscopic sections
of the nodules resembled on "oat-cell"
carcinoma. Cultures from the left
pleural caVity yielded Salmonella but
cultures of the hear~ blood, lungs, and
spleen yielded no pathogens.

Comment: The Salmonella oranienberg
septicemia with spondylitis appeared to
respond well to streptomycin therapy.
Since the mortality rate in this type of
infection runs as high as 8~p this was
quite encouraging. However, it must be
said that the clinical improvement was
delayed until the 9th day of treatment,
and in vitro the orGanism was quite
resistant to streptomJTcin. Patient 14
apparently had a chronic septicemia and
Gastroonteritis due to S. enteriditis.
The organism was sensitive to strepto
Inycin in vitro, and with streptomycin
therapY-his condition improved and the
bacteremia was eliminated. However, he
died as a result of aspiration of some
li'luid food. At autopsy cultlITes re
vealed persistent infection only in a
localized fibrinous process in the left
pleural caVity. Patient 12 with acute
gastroentoritis due to Salmonella given
imp~oved drarnutically during strepto
mycin therapy but as in the patients with
septicemia it CQLnot be definitely
stated that streptomycin nltored the
natural course of the disease. In cases
of gastroenteritis without septicemia or
other conplications the administration
of the d~uC by mouth seems more logical
th3n parenteral injection. In patients
wi th sel;ticemia or tissue invasion tho
drug should bo given parenterally as well.
As in so many othor serious infections
it is important to know the in vitro
sensitiVity of the causative-organism to
the drug so that rational doses may be
given.
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Table 10

Chronic Brucellosis with Bacteremia---------_._--------

Acute and Chronic Brucellosis
with Bacteremia

Five patients with brucellosis with
bacteremia have been treatod vlith
streptom;ycin. One of these patients had
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outspoken signs of bacterial endocarditis,
and his treatment has not been completed.
The outstanding features of each case
are given in Table 10; the details of
each are as follows:

18. .. ._..
46 M.

patient·lcomPlications IDu.ratio~~·fIi~ess BacterioloBYl'Streptorn;;rcin IResults

_1~~:~1~~:~~::~~1~~::~~~:;~"~~n~ !~~~1fi:Fl~~~i~~~tb~~
16. IHepatomegaly ,5 weeks Blood - Br. 127.6 Gm. in ~Doubt-

47 M. Alcoh01ism I Penicillin abortus x L 9 days ful---·--1----- -- -_.- --. __ .. '" --_. .. --.---- _._- - ------ .-- ---- ---
17. Bacterial endo- 52 months. : Blood - 9 to 118 Gm. in IIm-

33 M. I carditis of _Sulfonamides 1104 col. Br. ,31 days I proved
aortic valve; ,and penicil- abortus per I
splenomegaly 1 lin cc. Urine-

I
Br. abortus.
Bone marrOvl
Br. abortus---- ---4-_ ....-- -.- ......-----.-- .-----.---- - -+-_. _

Spondylitis and 18 montho Blood - Br. 23.5 Gm. in i Im-
thoracic radi- Salicylates abortus x 4. 18 days Iproved
culitis - ~ I

-1-9-:---' Spl~nomeBal; 2 months ~- .---..-- ~l~~d :'-·Br. I 28 Gm. i~-' -- ..- -I Im~-----
24 M. I Sulfonemi.d.GS and abortus x 4. 1 7 days !provedI J' penicillin I I_____1__ • w" ._~_.,.__.• ._,.~.•• • I_~ .__.._. . ..---' ._. . __

Patient 15. - 11, female, com-
plained of headache, malaise, weakness
and fever beginning about 1/1/46. In
March her SerlUll agglutinin titer for
Brucella was 1:640. A blood culture for
Brucella in April was sterile. In
August 1945 she had visited a farm where
she drank raw miD:: from cows not known to
have Bang's disease. When admitted to
this hospital on 6/6/46 she was thin and
febrile. Cervical lymph nodes, spleen
and liver were enlarged. Skin tests
with Brucella protein and carbohydrate
antigens were positive. Brucella abortus
was isolated from her blood on four occa
sions. She was given 19 Gm. of strepto
IJJj-cin intramuscularly over a period of
nine da;ys. During this period she became
more febrile, her te~perature rising as
high as 1060 F. A few hours before the
drug was discontinued a maculo-papular
rash appeared over her arms and chest.
Her fever declined and the rash faded.

Four days after the streptomycin was dis
continued a fine, erythematous rash ap
peared on her baCK, abdomen and to a
lesser extent on her extremities. Her
temperature had risen to over 1040 F.
This reaction was attributed to pheno
barbital, and when this drug was discon
tinued the rash and fever disappeared.
There was no symptomatic improvement and
Br cella abortus was iGolated from the
blood during and seven days after the
completion of the streptomycin therapy.
In vitro all the cultures of Brucella
isoiated from her blood were inhibited by
2~g. of streptomycin per cc. Two weeks
later she was afebrile and felt well.
Blood cultures have been consistently
sterile and she h~s remained aSJ~ptomatic

to this date.

Patie!?-~}§_.. . - 47, male, store-
keeper, had fever, sweats, anorexia,
headaches, weight loss of 17 lb. and weak-
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ness of one month's duration. Penicillin
therapy did not alleviate these sJmptoms.
He had drunk raw milk from a herd of cat
tle In1o~~ to have Bang's disease. He had
also used alcoholic btiVerages excess:1.vely
for 20 years. Upon admission to this
hospital his temperature was 101.80 F.,
pulse 118. The liver was palpable
3 - 4 cm. below the right costal margin
and slightly tender. There was a coarse
t~ar of the hands. Brucella agglutinins
were present in a titer of 1:5120. Bru
cella skin tests were positive. Brucella
abortus was isolated from a blood culture
on 6/24/46. This organism was inhibited
by 2Ag. of streptomycin per cc. il~ vitro.
Liver function tests indicated moderate
impairment. A liver biopsy obtained by
Dr. F. W. Hoffbauer revealed fatty in
filtration of the parenchyma as well as
small granulomatous nodules similar to
those found in other cases of brucellosis.
The patient was given 27.6 Gm. of strep
tomycin intramuscularly in nine days.
During this period his blood cultures be-

ame sterile but his fever did not abate.
On the last day of treatment a macular,
copper-colored rash appeared on his back,
chest, abdomen and extensor surface of
his arms and legs. On the lower legs a
fine purpuric eruption was prosent. The
cuff test was positive, but the platelet
count was 200,000. After the streptomycin
was discontinued his fever declined, the
rash faded and he felt much improved.
Although his blood cultures were sterile
he was given a course of sulfadiaZine,
87 Gm. in 15 days, because it WftS felt
that he still had active brucellosis. He
has felt well since that time, but tires
easily upqn exertion. The grovlth of the
organism in vitro was inhibited by 15 mg.%
sulfadiazllle-.----

Patient 17. - 33, male, fanner,
noted weakness, weight loss and sweats
in June 1944. His Brucella agglutinin
titer was 1:1280, but a blood culture
yielded no Brucolla. He drank raw miJ.4:,
but the cows showed no evidence of Bang's
disease. He was given sulfonamides for
six weeks and by October 19Lch he felt well.
However, in June 1946 he developed fever
up to 1040 F., sweats, weakness and
anorexia. Tender red spots appeared on
his fingers and toes. He was given peni
cillin and sulfonamides without benefit.
At the age of 12 he had rheumatic fever.
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~~en hospitalized on 9/25/46 his temper
ature was 101.80 F, Potechiae were
noted in both conjunctivae and scattered
over both lower legs. The left ventricle
of the heart appeared enlarged. The
cardiac rhythm was regular. There were
systolic and diastolic murmurs in the
aortic area and a systolic murmur at
the apex. B.P. - 108/38. The spleen
was palpable 5 cm. below the costal
margin. Duroziez/ sign was present.
His Brucella agglutinin titer was
1:2560. Skin tests with Brucella vac
cine and protein fractions were negative,
but Brucella carbohydrate sensitivity was
present. Cultures of the blood, urine
and bone marrow revealed Brucella abor
tus • The blood colony cwnts vc,ried
from 9 to 104 c61/cc • In vitro the
organism isolated from hIS blood was
killed by 2~g. of streptomycin per cc.
On 10/9/46 streptomycin therapy was
begun with doses of 0.625 Gm. intramus
cularly every threo hours for 13 days;
the dose was then roduced to 0.5 am.
every four hours. Treatment was con
tin~ed to 11/8/46. His temperature grad
ually returned to normal. However after
being afebrile 4 days, he began to have
a low-grade fever. Four blood cultures
during streptomycin therapy were sterile.
Conjunctival petechiae continued to
appear during treatment. Beginning on
10/2i/46 he complained of vertigo with
out tinnitus nor apparent hearing loss;
the vertigo disappeared when the strep
tomycin dose was reduced. Brucella pro
tein and vaccine skin tests have remain
ed negative to date. His spleen can
no longer be palpated.

Patient 18. - 46, male, farmer,
complained-of 'weakness, bilateral chest
and. flank pain of 18 months duration. He
had lost 25 Ibs. in weight. He dran.'t( raw
milk from a herd of cattle not known to
have Bangls disease. He also butchered
his o',m hogs. When hospitalized on
4/15/46 physical e.xrunination revealed
no fever or tachycardia. Cervical and
aXi~1...lary lymph ::lodes "rere palpable. On
4/16/46 a blood culture for Brucella was
sterile. Also a skin test with a puri
fied Brucella protein derivative was
negative, and his serum contained no
Brucella agglutinins. X-rays revealed
moderate compression of the eighth and
ninth thoracic vertebrae with some hyper-



trophic spur formation. On 5/1/46 he
developed a low grade fever rising to
1010 F. It was not affected by sali
cylates. On 5/21/46 his Brucella agglu
tinin titer was 1:320, and on 5/31/46
Brucella abortus was isolated from his
blood. On 6/7/46 his Brucella protein
skin test was positive. At this time
it was found that one of his cows had
recent~v aborted, and several of his
cows were found to have Bang's disease.
He was given 0.5 Gm. of streptomycin
intramuscularly q. 4 h. from 6/14 to
6/15 and from 6/19 to 6/24/46. A total
of 23.5 am. was given. Serum streptomy
cin levels ranged from 33 to 50~~g./cc.
During the streptomycin therapy his
temperature rose to a peak of 104.40 F.,
and on 6/22/46 he developed an erythe
matous macular rash on his trunk and
extremities. The macules became conflu
ent and on 6/24 petechiae appeared on
his chest and thighs. The drug was then
discontinued because of his apparent
sensitiVity. His temperature promptly
returned to normal, and the rash faded.
Subsequent blood cultures were sterile
and he remained afebrile. His S;)iwptoms
had also receded although he continued to
have mild aching pain along the costal
margins.

~atientE-' - 24, male, pack-
ing plant employee, developed weakness
and a high fever on 7/23/46. He lost
weight and also noted headache, nervous
ness and lumbar back pain. Sulfonamides
and penicillin were given for a few days
without effect. He had ingested raw milk
several months earlier, and during April
and May 1946 he worked in a packing plant
washing fresh hog fat. On 8/24/46 physical
examination disclosed no fever, but his
liver and spleen were palpable 1 em. below
the costal margins. Brucella skin tests
With carbohydrate and protein antigens
were positive. His Brucella agglutinin
titer was 1:1280. Four blood cultures
yielded Brucella abortus. During most
of his hospitalization he felt quite well.
Beginning on 9/27/46 he was given 0.5 am.
of streptomycin intramuscularly every
three hours for a total of 28 Gm. Strepto
mycin serum levels varied from 40 to 9QA g.
per cc. On 9/29/46 his temperature rose to
1020 F. but prom,tly returned to normal.
He continued to feel well and thereafter
he was afebrile. His blood cultures be-
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came more sterile after the streptomycin
therapy.

Comment: In patient 15 streptomycin
di~not eliminate the bacteremia al
though the organism remained sensitive
in vitro. The explanation of this
phenomenon is not immediately apparent.
We have not been able to show that
human serum has any inhibiting effect
upon the action of streptomycin against
Brucella abortus in vitro. The treat
ment had to be discontinued in patients
15 and 16 because of drug sensitization.
In patient 16 the bacteremia was appar
ently controlled but symptoms of active
disease continued so he was given sulfa
diazine when the streptomycin had to be
discontinued. The treatment of the
patient with Brucella endocarditis has
not been completed; hence a final state
ment of the result cannot be made. How
ever, during. streptomycin treatment
the disappearance of fever and bacter
emia has been encouraging. On the other
hand his failure to develop Brucella
protein skin sensitivity and the recur
renCe of fever have been disappointing.
All such cases preViously reported have
ended fatally. In patient 18 strepto
mycin apparently eliminated his bacter
emia; the treatment had to be discon
tinued because of drug fever and rash.
His symptoms appeared to be lessened by
the drug. Patient 19 was treated with
streptomycin because of persistent b8Q

teremia although he was essentially
asymptomatic. The bacteremia disap
peared. The treatment of this group of
patients has beon so recent that no
prediction can be made concerning the
permanence of the clinical benefit.

Treatment of Tularemia with Streptomycin_

Two patients with tularemia have been
treated with streptomycin under our
superVision. The essential facts con
cerning them are given in Table 11; a
brief resume of their clinical course
follows:

_Pati~E~ 20. - 35, male, farmer,
handled a dead jack-rabbit with his bal~

hands. Eight days later he noted head
ache, malaise, a stiff neck and chills.
He was given penicillin and sulfadiazine



Table 11

---_._--_.._-

Results

Recovered. Delay
ed resolution of
pneumonia.

Recovery but
pneumonia slow

I to re solv_e_.__

-,-----_.- ._.._-_..
Streptonwcin
Dose in Gm.

10 Gm. in
10 days.

9.9 am. in
5 days.

intramuscularly over a period of 10 days.
He became less febrile and more alert
mentally. During this therapy a papulo
vesiculnr eruption appeared on his back
and chest which subsided spontaneously.
He then developed a pericardial fric
tion rub, generalized lymphadenopathy
and urticaria. This was interpreted as
serum sickness due to the horse serum,
but tularemic pericarditis could not be
ruled out. The urticaria responded to
adrenalin. Clinical and x-ray evidence
of pUlmonary consolidation and pleural
effusion persisted for many weeks after
the streptomycin was discontinued, but
the signs of meningoencephalitis rapidly
disappeared. Two months after the onset
of his illness he appeared entirely well.

~at~ent~!. - 39, male, scratch-
ed his left thumb cleaning catfish and
carp during the last week of July 1946.
The scratch failed to heal and a small
abscess also appeared on the left little
finger. Painful, enlarged lymph nodes
appeared in the left axilla. On 8/27/46
he noted general malaise, chills, fever
and sweats. Penicillin and atabrine
were g1ven wHhout benefit. Physical
examination on ~/3/46 revealed a tempera
ture of 1000 F. and an open ulcer on the
dorsal aspect of the left thumb. A
crusted ulcer was present on the little
finger of the samo hand. Axillary nodes
wore palpable bilaterally. Penicillin
therapy was again given without benefit.
On 9/7 his P. tularence agglutinin titer
was 1:80, and on 9/13 it rose to 1:1280.
No Pasteurella could be isolated from
cultures of the ulcer fluid nor blood
on cystine media. On 9/8 a chest x-ray

._------_. '"

Duration of illness.
Previous Treatment

Tularemia Treated wit~.Str~ptomy~in

Type and
Complications

Patient

20.
35 M.
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without improvement. Ullon admission to
this hospital he was acutely ill with a
temperature of 102.40 F. His neck was
rigid. His heart and lungs were normal.
No local ulcer or lymphadenopathy were
found. His spleen was not palpable.
Kernig's sign was positive. Tendon re
flexes were normal in the legs but de
creased in the arms. Toe signs were
positive on the right. Blood cultures
without added cystine were sterile. The
spinal fluid was examined on five occas
ions and was turbid on only one occasion.
The maximum cell count was 47, one-third
of which were polymorphonuclear leuco
cytes. The maximum protein content was
51 mg.%, and the sugar content fell below
30 mg.% on only one occasion. Smears Gnd
cultures with added cystine were sterile.
Injection into fertilized chicken eggs
and guinea pigs failed to reveal any or
ganisms. Further penicillin and sulfa
diazine were given without benefit. The
patient became drowsy and a chest x-ray
on the second day of hospitalization re
vealed a patchy consolidation of the
lower lkbe of the left lung with a small
pleural effusion. The pleural fluid was
aspirated; cultures were sterile on
cystine media. On the 14th day of his
illness his blood serum agglutinated P.
tularense in a titer of 1:160. X-rays
revealed extension of the pneumonia to
the right lung. On the 20th day his ag··
glutinin titer rose to 1: 1280. A diag-·
nosis of typhoidal tularemia with pneu
monia and meningoencephalitis was made.
He was given 90 cc. of concentrated anti
tularense horse serum in divided doses
intravenously 'without improvement. He
was then given 10 am. of streptomycin

Typhoidal. 22 days.
Pneumonia, men- IPenicillin, sulfona

! ingo~encephal- mides and anti-tul-
litis arense horse serum

--21-.--.~ic~;~~'iandular':1'2 months •..-------
39 M. I~~eumonia and Penicillin

______L~UritiS . . 1.-__

t.
r.

r



revealed patchy consolidation within the
left lower and right upper lobes.
On 9/13 stre:2tomycin therapy was begun
with 0.3 am. intramuscularly every three
hours. On 9/16 the dose was reduced to
0.2 Gm. q. 4 h. A total of 9.9 am. was
given. On 9/17 his temperature reached
normal and remained so. He felt well
and the ulcer healed. On 9/22 however
he developed fibrinous pleuritis on the
left. Chest x-rays revealed persistent
bilateral pneumonitis .. His temperature
did not rise, and by 9/30/46 he felt well
although his pulmonary consolidation had
not entirely cleared.

Comment: Streptomycin appears to be
the most effective therapeutic agent
available for the treatment of tularemia
and should supplant the use of anti
tularense horse and goat serum. Patient
20 is of particular interest since there
are only 12 case reports of tularemic
meningitis or encepahlitis in the litera
ture, all of which ended fatally. The
clinical impression was that streptomycin
probably saved his life, but the previous
administration of anti-tularense horse
serum clouded the issue. In both patients
it was apparent that the pulmonary les
ions were not dramatically affected by
the drug; perhaps the doses administered
should have been larger and the drug
given fqr a longer time. Intrathecal
therapy did not appear to be necessary
in the treatment of the patient with
meningo-encephalitiS.

l'neumonia due to Friedlander I s Bacillus

Only one patient in this group was
treated with streptomycin. A brief resumd
of the clinical course is given:

Patient 22. - 56, male, was hos-
pitalized on 7/25/46 after a two weeks'
alcoholic bout. For three weeks had had
right upper quadrant abdominal pain and
vomiting. He was febrile and very ner
vous. Signs of consolidation were present
over the upper lobe of the right lung.
His liver was palpable, and signs of
ascites were present. For the next five
days he had delirium tremens. He became
jaundiced and ankle edema appeared. He
had a septic fever. Chest x-rays revealed
a well-demarcated consolidation of the
right lung extending from the hilum into
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the upper lobe. By 8/6/46 the consoli
dation had spread to the right lower
lobe. Bloody sputum was raised by the
patient; it contained no tubercle bacil
li but smears and cultures revealed
numerous Klebsiella pneumoniae. The
pulmonary lesion progressed to abscess
formation with cavitation in the right
upper lobe. Streptomycin was given
in doses of 1.5 to 2.75 am. daily for
six days (total dose 10.25 Gm.). Dur
ing this period his temperature became
somewhat lower, but his general condi
tion did not improve and FriedlHnder's
bacillus continued to be present in
his sputum. On 9/2/46 an abdominal
paracentesis yielded 4000 cc. of brown
fluid. Soon thereafter he became ir
rational and he died on 9/5/46.' No
autopsy was performed.

Q~en~] Streptomycin therapy was
ineffective in this patient. Several
factors were probably operative in lead
ing to this failure--insufficient dosage,
alcoholism, hepatic insufficiency with
portal hypertension, and far advanced
pulmonary destruction.

Meningitis due ~?_~~

Unidentified Gram-negative BaCillus

Patient 23. - 11, male, Ameri-
can-Thdian-;"was admitted to this hos
pital on 7/10/46 with a history of occi
pital headaches for six months. In
March and April 1946 he was treated for
pneumonia. Physical examination reveal
ed impaired vision, edema of the optic
diSCS, ataxia, positive Romberg and
marked weakness. He was afebrile and
his lungs were cloar to percussion and
auscultation. On 7/13/46 a right later
al ventriculostomy with insertion of a
catheter was performed; the fluid was
clear. On 7/15/46 a posterior fossa
craniotomy was done; the cerebellar hemi
spheres bulged into the wound but no
tumor or abscess was found. On 7/17/46
a left lateral ventriculostomy was made
and a catheter inserted; the fluid was
clear. The next day the fluid aspirated
was cloud.Y, and he became febrile.
Cultures of the spinal fluid revealed a
gram-negative bacillus which was desig
nated as "non-pathogenic." In spite of
penicillin and sulfadiazine signs of
meningitis persisted. Blood and spinal
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fluid cultures on 7/24/46 yielded gram
negative, spore-forming bacilli. The
catheter was removed from the left later
al ventricle on 7/21/46. On 7/22/46
streptomycin therapy was started. He was
given 60'Gm. intramuscularly over a
period of 20 days and for 12 days intra
thecal injection of 0.4 Gm. once daily.
Drainage of cerebro-spinal fluid from
the posterior craniotomy wound persist
ed until 8/11/46. During the streptomy
cin therapy signs of meningitis disap
peared, his fever decreased and his
spinal fluid became clear and sterile.
The ataxia and edema of the optic discs
persisted.

A chest x-rayon 7/11/46 revealed
consolidation of the inferior porUon of
the upper lobe of the right lung wHh
widening of the mediastinum. On 7/16/46
some emphysema of the right middle lobe
was seen as well. On 7/24/46 a chest
x-ray revealed increased consolidation of
the right upper lobe with partial atelec
tasis of tho right lower lobe. On 9/5/46
there was evidence of resolution of the
process in the right lower lobe but no
improvement in the upper lobe. His Man
toux was positive (1 ,. 10,000). Repeated
smears of the spinal fluid revealed no
acid-fast bacilli.

Comment: The clinical diagnosis in
this case was in doubt, but it seemed most
likely that he had pulmonary tuberculosis
of a pneumonic type with a cerebellar
tuberculoma. The meningitis and bacter
emia were presumably the result of con
tamination of the wound during the third
op~ration. The organisms isolated wore
of a type ordinarily considored to be
" th ." Thnon-pa ogenlC. e response to strep-
tomycin was not dramatic but coincident
with its use the patient recovered from
the meningitis and the wound ceased to
leak cerebra-spinal fluid and healed.
During the streptomycin therapJ there
~s very little improvement in the pulmon
ary and cerebellar lesions, but they did
not spread.

Toxic Reactions

Unfortunately streptomycin appears to
be considerably more toxic than penicillin.
The most serious of these reactions was
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development of drug fever and a toxic
rash. This type of reaction developed
only after the drug had been given
several days and promptly subsided when
the streptomycin was discontinued.
There were threo patients in which the
diagnosis of drug fever due to strepto
mycin appeared certain. F~ch of these
patients also developed a rash. In one
instance the rash was maculo-papular
and in the others it was macular and
petechial. A fourth patient devoloped
a hemorrhagic, papular eruption, fever,
flushing of the skin, and jcundice dur
ing streptomycin therapy, but it "ras not
certain that they were due to drug in
toxication. Two patients exhibited
urticaria during streptomycin therapy.
In one the urticaria seemed to be a
manifestation of serum sickness due to
horse serum, but in the other a parti
cular lot of streptomycin aI'peared to be
the inciting agent. Most of the pa
tients who were not critically ill com
p+ained of rather severe burning pain
at the site of tho intramuscular injec
tions. This pain often lasted 12 - 18
hours after the injection was given.
In two patients indurated, erythematous,
tender nodules wore apparent after each
injection, and each persisted for sever
al hours. One patient developed vertigo
on the twelfth day of streptomycin
therapy (5 Gm. daily). This was not
accompanied by tinnitus or hearing loss,
and when the dose was reduced to 3 Gm.
daily the vertigo decreased.

1. A review of the literature concerning
streptomycin is given.

2. Streptomycin has been evaluated in
the treatment of 23 patients at the
University of Minnesota.

3. Streptomycin cppears to be the drug
of choico in the treatment of tular
emia. Although its antibacterial
actiVity against Brucella in vitro
is remarkably greater than~hat of
any other therapeutic agent the
effectiveness of streptomycin in the
treatment of chronic brucellosis in
humans remains doubtful.



13. Buggs, C. W., Pilling, M. A., Bron
stein, B., and Hirschfield, J. W.

The absorption, distribution and ex-
'45. cration of streptomycin in mEmo

J.Clin.lnvest. 25:94 (Jan) '46.

In some instances it has appeared
that urinary tract infections due to
E. coli, A. aerogenes and P. vulgaris
responded to streptomycin therapy
but the number of patients treated
was too mnall to permit definite con
clusions. Although only two of four
patients with E. coli bacteremia sur
vived the course of three patients
indicated that streptoll~cin was ef
fective in eliminQting the bacteremia.
The therapeutic result in patients
with paratyphoid fever was good, but
it was not certain that the course of
the disoase had been shortened by
streptomycin thorapy.

4. Streptomycin is Dlore toxic than peni
cillin. The most serious toxic reac
tions observed were rashes and drug
fever. Other toxic manifestations
observed were local pain at the site
of injections and vertigo.
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III. GOSSIP--_.-
Thanksgiving Day 1946 should

be an occasion for sincere expressions of
gratitude by us. The veterans have
learned that the University of Minnesota
was sincere in her desjre to help them in
their program of self improvement. As
they dreamed of this day during the long
years they were away, it must seem good
to be back, as little did any of us
realize that we could move over and make
room for as many veterans as we did. We
should be grateful to the Kellogg FOlmda
tion and the Commonwealth Fund for their
continued support of Postgraduate Medi
cal Education at Minnesota. Without
their assistance and backing, many of our
programs could not have materialized.
We should be grateful for the splendid
leadership of Dean H. S. Diehl, who
through the years has displayed out-stand··
ing ability in guiding Minnesota -to a
place as one of the top medical schools
of the nation. His ability has not gone
unrecognized elsewhere for his council in
general university affairs, and those of
government have been Widely sought. His
contribution to the mobilization of medi
cal men during the war has received great
praise in high places. We should be
thankful as we enter our program of hos
pital expansion that we have at our head
Raymond M. Amberg who has demonstrated
his ability to work with our prima donnas
in determining what their needs for the
future will be, and in arranging for the
same. The University of Minnesota and the
state should be thankful for the wisdom of
the regents in selecting James L. Morrill
as our President. He has brought to this
office dignity, sincerity, enthusiasm and
understanding. On every occasion he has
justified his selection and lived up to
all the fine things which had been said
of him. He was bold in stating the
University's program of needs. He was
courageous when he struck at intolerance,
and at the meeting of the A.A.U.P. on
Wednesday evening of this week, he re
ceived an ovation from a faculty whose
committee just a year ago had character
ized his appointment as satisfactory but
not meeting their reqUirements as far as
his manner of selection was concerned.
We should be thankful in case of our major
department as far as many of our people
are concerned - football - we have demon
strated that able teachers could instruct
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the youth in the proper way in which
this garrie should be played, if given
a little time. We should be grateful
that an lIissue ll has not developed out
of the inability of the coaching staff
to effect a quick change. We should be
especially grateful that the time has
arrived for us to honor one of our own
men, Radiologist Leo G. Rigler, who has
done so much for this school and hospi
tal. When the coromi ttee which plarmed
his lectureship canvassed the field,
they decided to ask Nils Westermark of
Sweden to give the lecture. This not
only indicates the high regard we have
for Doctor Westermark but also how much

'we appreciate Leo's contributions. We
should be thankful for the many now men
who have joined our staff and especial
ly for the long range views of Donald
Hastings, our new psychiatrist. He
struck a strong note at our recent staff
meeting and this is indicative of better
things to come. With his courage, intel
ligence and vigor he will see it through
or be the first to admit he was wrong.
Dr. J. C. McKinley, his predecessor,
who is i~l in the hospital, was not for
gotten by his friends. On the occasion
of his 55th birthday, his friends sent
him letters, tho Journal Lancet dedicat
ed its November issuet"o hiiii~-·and J. A.
Myers wrote a sincere tribute to him.
It is good to remember the sick. We
should be thankful for the many gifts
which ~ur institution has received and
for the contirnled support by our people.
The turning point is closer than it was
a year ago and our leaders see light a
head. The 6~s have now been silent for
more than one year and while armies of
occupation must still be maintained and
many of our young men are still in ser
vice, some day the peace of understand
ing will be ours. I have a good friend,
Mrs. Bernard Druck, St. Paul, mother of
a large family, good citizen, and leader
in child welfare, who is behind a nation
al movement for proper observance of
Thanksgiving Day. She beHeves that
Americans are not thankful enough fur the
great gifts that are ours. I believe she
has a point as we take too much for grant
ed. Let each one take time out next
Thursday to recount the good things that
have been given to him with no special
effort on his nart and I am sure it will
make Thanksgiving DdY 1946 a red letter
da;y .




