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FOREWORD

It 15 the fate of each new advance i medical science at once to solve old
problems and create new ones which must also be solved before the consolt
dation and progress of such advance can be finally attained Every time 1n
lustory the physician makes a great discovery he scems condemned to pay a
price for his achtevement by having to face new dangers unleashed by such
discovery That 15 what happened to the heroes of ancient mythology each
of whose epic achievements brought only a new peril to be faced and a
new enemy to be vanquished before the final goal could be victonously
reached

A similar sttuation happens n therapeutics since every one of ts advances
1s founded on the discovery of new agents to be used on the human being for
either or both of two purp to the p ! defenses and
to destroy the causal agem of the disease In the ﬁnal analysis the whole com
plex web of chinrcal therapy 1s reduced to these two possibilities In the field
of therapeutics the purpose of scientific research and of its practical applica
tions 15 the physiologtcal restoration of the altered functions of the patients

g and the of the or causat agent
of hus disease

‘When a new medication 1s given to a patient 1t sets up 1n his tissues two
different series of bochemucal reactions those mtended to normalize hus
altered physiology and those aimed at counteraching the etiologic factor
When the medication 1s used against an 1ovading foreign agent as 1n cases of
infection 1t acts the same as f a monkey wrench had been thrown among the
dimmutive gears of the delicate metabolic machinery of the germ triggenng
off a sertes of reactions Such reactions can lead to a change n the natural
history of the disease and of its causal germ and sometimes accomplishes sts
eventual disappearance At other times a drug provokes defense reactions of
such magnitude as to blunt the edge of the medication and sttmulate the devel
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opment of extremely toxic forms of the mfecting germ, which then takes
revenge by unleashing buge waves of unusnal virulence in the pathogemc
ocean of the disease

The problem of the pathogenic reaction to each new therapeutic action hos
been repeated throughout medical tustory with the regulanty of a pendulum
Every fresh ad m the quest of o —FPasteur s vaceines hochis
sera Lister s antisepsis and asepsis Ehslich s mape bulluts, Gelmo s sulfons
mdes Fleming s pemaiim—has given nse to a whole host of new problems
and perds Lake wild mushrooms which lymng ndden mn the woods seem 0
spring up suddenly out of here after the ) effect of a summer
shower these reactions that crop up on the heels of every therapentic advance
are often already latent and waiting only for the simulus of the new discovery
m order to matetalize

Antibiotics one of the greatest therapeutic conquests of aur tume have been
continually adding to the sweepng cune of therr history makiag cvcle @
series of lesser cycles brsthing with dangers and difficulies These smaller
cycles are refated to the potency and the duranion of the effect of antibotic
doses and consequentlv to the reactions of the body and the germs to these
drugs

Ore such reaction 1o antibiotic therapy has been the emergence of resitant

orgamsms which have survived g of L, laught The prob-
fem of antibiotic resistant nfections 15 today the gravest and most mmperative
of all problems m antib d 1t 55 all the more senous because 1t

affects not only the individual patient whose hfe is senously threatened by
such mvulnerable germs but also society i general

Dr Henry Welch «o author of thus book pointed ot some years ago 10
an editorral that was a magnificent prece of ds that s
caused by antibiotic resistant staphylococet were confined almost exclusively
to hospitals and therefore were observed only by physicans n charge of
hospitalized patients What was at first httle more than a scientific cunosity
grew m importance and gravity when st spread throughout the nation s hosps
tals converting many wards almost into pigentic culture broths of such germs
whose lair was the throat skin and intestines of hospital personnel hospital
equipment and even its walls from which they could fall upon any hospstal
1zed patent exposed to them What at first was a scientific paradox and later
a chimcal problem thus developed imnto a public health problem that has been
only partally solved

Origunally the only way of avording such infections was to stay away from
the chinical centers where hke prowhng beasts in 2 jungle the antibotic
resistant germs pcnmncnﬂy furked But with the ncrease in the number of
hospitals so affected and with evet more mdnidual cases occurnng m daily
pracuce the problem ovesleapt #ts ongnal tmits and has become one of the
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most serwous to be faced at the present time even by the physicran 1n private
practice

Historically this 1s not a new problem Two centunes ago 1n a2 matermty
ward 1 Vienna physicrans were faced with the same problem posed by puer
peral fever which was taking 2 mortality toll of 26 per cent Then one day
the Hungarian physician Ignaz Philipp Semmelwers deduced 1ts connection
with the Letchengift or cadaveric poson that clung to the hands of physt
ctans and students when performing autopsies and was then communicated
by them to the maternity cases under their care Semmelwers brought mortal
sty down to 1 per cent stmply by ordenng that all hands be washed 1n ime
water or chlonide of ime thus eliminating the source of infection

Of course this situation has nothing m common with the present situation
of antibiotic resistant staphylococe: except that the puerperal infections also
onginated inside the hospital and that wromezlly enough they too were com
municated by the very physicians whose duty was to save thewr patients As
things are the germs like birds of prey settling 1n an 1mpregnable nest have
not anly taken up quarters i certan hospitals but have jel
protection for themselves agamnst the magic bullets of chemotherapy

F less research m chnical phar has pro
duced weapons with which to fight these germs untl adequate pubhc health
measures are adopted to cleanse the mnfected hospitals

The book we now introduce has been edited by two emment authorties on
antibiotic medicine Dr Henry Welch and Dr Maxwell Finland a happy
combination of a famous research scientist and 2 brilliant chimical investigator
each of whose work has brought added luster to the hstory of antibiotics
Five emment clinictans——Drs Romansky Yow Foltz hirby and Geraci—
have collaborated with them to gather together everything the phystctan should
know about six important antibiotics to be able to use them to the best advan
tage Some of these products are the outcome of the latest research and show
great promise others have a sohdly estabhshed therapeuuc value and all of
them—nistocetin and
erythromycin—are of great value 1n combating mfections resistant to other
antibiotics

In a hmpid and terse scientific prose the authors present thesr pownts of
view and their rich clinical expenence with each of the mentioned drugs and
secommend how best to use them to overcome the threat 1o the efficacy of
antibiotics This book 1s mvaluable not only because 1t 1s the first work to
study with full scope and p the phil
and clinical problem of microbial resistance to antibiones  but also bccause
1t 15 2 practical gwide for the physician 1n decidng where how when and
why to use each one of these drugs successfully 1n the treatment of the often
fatal antibiotic ressstant infections
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This book th crystallizes the ph s answer to one more challenge
and the medical action taken against microbral reaction to antibiotics The
problem 1s on the wav to solution Other problems will undoubtedly follow
for that 1s the fate of medical discoveries But the climcal vision thonght and
expenence reflected 1 this volume and the dynamic and scientific way this
tragic eprsode s being countered give promise that the physician s gemus and
ngenwity will also vanquish any future threats to his endeavors

FELIX MArTI IBAREZ, M D

Professor and Director of the Department of the
Hustory of Medicne New York Medical
College Flower and Fifth Avenue

Hospitals New York N Y

New York N ¥
September 1959
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The Staphylococcal Problem and

Chagter T Effects of Early Antibiotics

Henry Welch
Editor in Chief of dntibtotics & Chemotherapy and
Antibiotic Medicine & Clinscal Therapy Washmgton DC

The staphylococcal disease problem now plaguing the entire medical pro
fesston both here and abroad 1s not new It has been with us for ages Recently
the Ravenholts'® discussed this problem m a most comprehensive manner
emphasizing that hlstonc;\lly staphylococcal fections have occurred endemt

cally and epid: surgery and for The
authors pointed out that supp pyemia and sep were the com
mon sequelae of surgery so common was suppuration after surgery m the
early days that if delayed 1n 1ts active were empl

to hasten the formation of laudable pus That suppuration was neither a
necessary nor a desirable product of surgery was demonstrated repeatedly
before Pasteur provided the bacteriological key to the puzzle

Early mn the eighteenth century a few surgeons of vision recogmized the
value of 1solating such surgical infections 1n a sanitary environment and many
demonstrations were made to show that wounded patients held under crowded
conditions 1nevitably became nfected Evidence was presented to show that
1 large metropolitan hospitals infections were much more common than 1n
small private country hospitals During these early times when the nature of
infection was first b g to be und d the organism was no
different from what it 15 at the present time and also then as now hospitals
were the dommant source of mfections a large proportion of which were
probably caused by staphylococe: If one reviews the mortalty figures from
hospital acquired pyemra and septicemia over the years since the middle of
the nineteenth century it becomes evident that the mortality rate during that
perted was not much different from current mortality figures obtained at some

1
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of our farge teachung hospstals A seview of such data makes one question the
proper place of anubiotics 1n the problem of the resistant staphylococer which
were causing thewr proportion of deaths long before antibiotics became
available

The problem of cross nf with staphyl m a sense 1s not signufi
cantly different from that of the § hemolytic streptococes that caused innumer
able deaths from puerg fever 1 hosputals before the J of the

concept of asepsis by Ignaz Semmelwess 1 Vienna that of amxscpsns by
Lister n England and the d of hyg! m i Is n
the United States stimulated by men such as the bnlhant Ohver Wendell
Holmes Puerperal sepsis was pracucally eliminated as a cause of death
through the efforts of these men and others d 1u makng hospatal;
aof expectant mothers safer than childbirth 1 the home History shows how
ever that death from staphylococecal mnfections occurred i the days of Semmel
weis before tus time and 15 sull occurnng at present Whereas the
I3 lytic Strep 15 a fragide quite pibie to the hazards
of its environment succumbing readily to drymg heat and light the hemolytic
Staphylococcus 15 quite resistant and 1s not disturbed greatly by such physical
forees 1t survives for long penods of time mn dust in the sunlight and on
fomtes
Through chemotherapy and the process of selection we have further
d the reststant staphyk spawning strams of this organtsm
that not only resist the physical forces that destroy the more fragle strepto
coccs but resist all efforts of many of our muiracle drugs the now mdispen
sable antibiotics It must be reahized that staphylococer resistant to the
antibiotics were 1n existence  both here and abroad long before the discoverv
of our first useful antibiotic pencilin Many cuiture collections contammg
staphylococcr isolated pnor 10 1928 iclude strains resistant to pemcsiin
these organisms are p prod: A smufar without doubt
exists n so far as other are d although such 15
not related to known snactivating enzymes Without doubt the widespread
use of antibioties has pointed up the problem of the resntant staphiylococet
by chminating senstive strams but certainly antibiotics alone cannot be sad
1o be the direct cause of their appearance
Histoncally 1n the old days childbisth was probably safer at home than
1n a hospital—actually it was tantamount fo sigming the death certificate of a
wornan 1 labor to admut her to the crowded i hept dimly ht dirty dusty
hospital smproperly operated by a group of frock-coated well meaning physt
crans What 1s the situation today 1 our brilliantly lighted clean tled wall
well-equipped  modern edifices heawily staffed with white-coated  fughly
trained physicians? W\thm the past year certam hospitals tn this country have
clased their ob 1 services and because of table staphy
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lococeal nfections other hospitals send mothers and their new babies home
as rapidly as possible to avoid such infections

THE QRGANISM

In the hospital environment 1t can be very important to know the anti
biotic resistance pattern and phage patterns of the staphylococcr that may
have to be coped with n a critreal situation

Thesc organisms may be dwvided broadly mto two groups the pigment

lase positive  Staphylococcus aureus
(Mlcrococcm- pyogenes var aureus) and the nonpigmenting Staphylococcus
albus (M pyogenes var albus) Although Staph albus may cause serious
mfection under certam circumstances 1t does so rarely the great majonty of
staphylococcal infections are caused by Staph aureus These orgamsms are
Iysed by bactenophage while the Staph albus strains are not this suscepte
bility to phage lysis makes 1t possible to identify and classify most of the
pathogenic strains

Isolatton In the 1solation of staphylococci among hospital personnel or
from patient carriers 1t has been found helpful to attempt 1solation from the
nose Studies have ndicated that nose and throat cultures are quite compa-
rable and furthermore 1 our own studies we have not found that the swab
bing of the neck wnsts and other surfaces of the body resulted 1n 1solation of
more or dhfferent strams than could be obtamed from the nose Cultures are
obtamed by msertmg mto the nose a stenle swab and then streaking onto a
Petn1 plate contaimng nutrient agar to which has been added 75 per cent
sodium chlonde The excess sodium chlonde permts growth of staphylococel
and tends to mhibit contaminants Well 1solated yellow colomes are prcked
from the plate and transferred to slant cultures

After isolation the staphylococar are tested for their ability to produce
coagulase and thus to coagulate human plasma and biochemcally to deter
mine whether they are capable of fermenting mannitol If the cultures are
coagulase positive and ferment manmtol they are streaked on blood agar
plates to determune the kind and degree of hemolysis The zones of hemolysis
are clear showing complete lysis of blood cells surrounding the colonies

Antbionc Resistance If the cultures of yellow colonies produce coagulase
ferment mannstol and cause 8 hemolysis on blood plates two steps may be
taken to classify the orgamsms further namely determination of sensttvity to
the various antibiotics and phage typmg The most desirable and accurate
sensitivity test 1s the so-called tube serial dilution techruque After incubation
overmght those tubes showmg no growth indicate complete mhibition of the
test organism  the last tube showing complete inhibition indicates the mint
mum 1nhibitory concentration Through similar tests with each of the ant
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boties the pattern of the Staphylococeus under test 1s established

The standard disc techmaque 15 simpler and if properly carned oot with well-
standardized discs may be useful but 15 not so sausfactory since this method
1s 2 qualttative rather than a quantitative test In this method a clear zone of
growth ihibition 1s observed around the discs contmning antbotics to which
the orgamism 15 susceptible when that orgamism s grown on the surface of an
agar plate

Phage Patterns The Intcrnational Commttee on Phage Typing recogmzes
23 types of phage for Staph anreus The arrangement of these phages 1n the
test 1s entirely up to the laboratory However the one used in the Inboratones
of the Food and Drug Admnistration 15 that shown i figure 1

After the agar 1s seeded with the argamsm under test the 23 phages are
spotted using capiifarv tubes 1n an arrangement that 1s the same for each cut
ture The plates are then mcubated for from four to five hours at 37 C and
Ieft overmight 1n a refngerator before reading If the orgamsm 1s susceptible
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to phage all degrees of reactivity from 1solated plaques to confluent lysis may
be obtained From the pattern established 1t 15 possible to separate the phages
nto three main groups 1 11 and I11 In figure 2 are shown phage patterns of
different tvpes that mav be obtained with cultures of Staph aureus

Diug resistant staphvlococer found m most general hospitals are usually
lysed by staphylococeal bacterial phages of group II However 1 recent
years there has been a shift and on occasion we find mixtures of group I and
group III phages and the pattern of phage lysss 15 quite distinct from the
usual group II1 staphylococc Correlation between drug resistance and certain
phage patterns 1s not absolute and exceptions have been reported Knight
et al® determined phage type of 1543 cultures from 50 physically well patients
1 a mental hospital i Nashville He found that 55 per cent of these cultures
were of the phage type 52/80/81 etc (types 52 and 80 belong to group 1
and 81 to group II1) * Of importance ts the fact that 85 per cent of these
strams werg highly ptible to p lin and the Further
more no senous staphylococcal infections had occurred among these patients
1n recent years and very litle antimicrobial therapy with antibiotics had been
used

By companson the phage groupmgs obtamed by hmght et al m 1953
1954 and 1955 with staphylococer from Bellevue Hospital 1n New York and
the Veterans Ad Hospital m Nast showed a pred of
group THI strains and the great majonty of these strains were found resistant
to both pemcillin and the tetracychnes In both these hospitals antibiotics
had been used extensively for treatment

HOSPITAL STAPHYLOCOCCI

$Some evidence has been p. d that the epids type of staphyl \
wfection currently encountered m hospitals may be due to drug reststant
stramns of the 80/81 phage type and the suggestion has also been made that
these strans have greater than usual virulence The studies outlmed by
kmght et al® show however that strams of this phage type (80/81) may
predominate m a hospital ward 1n the absence of drug resistance and without
the usual staphylococeal infections

The acquisition of drug resistant phage group 111 staphylococer by 1m
plantation while patients are 1n a hospital appatently occurs readdy when
such patients are under treatment with antibiotccs In a study done at Bellevue
Hospital kmght and Holzer? treated 25 patients with tetracychine and 30
with peniciliin and compared them with 13 patients who were not given anty
biotic treatment They showed that the implantation of resistant group 11T
staphylococer oceurred quite rapidly m the 25 patients treated with tatra

Most recent classification
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are not From the now available on staphy! 1 disease
1t 15 clear that the reservorr of most antibiotic resistant strams 1s the hospital
and that strains from the at large are p sensitive to
the antib ‘Whether this can prevail ind 1y 1s j!

since pateents returming from the hospital as carniers to their community will
certamly dissemunate these strains in their environment

Staph aureus Versus Salmonella typhosa At the Sixth Annual Sympo
sum on Antibiotics sponsored by the journals Antibiotics & Chemotherapy
and Anttbione Medicine & Chmcal Therapy a panel discusston was held on
staphylococcal disease 3t One of the panel members Phylls M Rountree of
Austrahia  with her colleagues was the first to recogmize the staphylococcal
disease problem i hospitals Dr Rountree and her colleagues as early as
1948 published studies of hospital outbreaks caused by antibrotic resistant

hyl and d the epid nature of the disease At the
sympositm Dr Rountree stated that we must remember that staphy
lococeal drsease 1s an mfectious disease No one would dream of leaving
2 case of typhoid fever i a medical or surgical ward Untd one knows

the actual infection rate m a hospital untl one treats this disease as an
infectious disease we really will not get very far with 1ts control

It 1s of some 1nterest to pare the mvolved The hyl
may be either parasitic or saprophytic while the typhoid bacillus 1s always
parasttic Staphylococer are resistant to their environment and are not affected
matenially by light They resist drying for months and are relatively resistant
to heat Sal typhosa on the other hand 1s relatively fragile 1s not resistant
to heat and does not survive drymg for very long periods of tume Both the
Staphylococcus and Sal typhosa are plecantigenic There are many different
antigeme strans of Sal 1yphosa and those who have studied the phage types
of the staphylococer recognize the very definite pleoantigenic nature of this
orgamsm Both Sal typhosa and hyl may cause Ept
demics of typhord fever were controlied mamly by sanutation Certanly drugs
were not mvolved Strict control of carriers strict isolation of patients with
the disease and strict attention to samtary precautions were the key to the
control of this disease

The stnct 1solation of patients with staphylococcal nfections would be
difficult m many of our hospitals Certamnly the small suburban hospital
would be hard put to find space to 1solate all persons with staphylococeal 1n
fecuons m as strict a manner as one would unhesitatingly 1solate a patient
with typhoid fever Yet certaunly this must be the ulumate goal if adequate
control of staphylococcal disease 1s to be obtamed Fortunately typhoid
carriers are few and far between whereas carriers are abund;
bathin the hospital and 1 the at large There seems
to be no doubt however that the focus of staphylococer 1s 1 the hospital
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cycline within fovr to five days 85 per cent of the patients had acquired the
ressstant hospual stram  The acqussion of ressstant strams m the penicillin
treated group of 30 patrents was somewhat slower They pomted out that
this may have been duc to the fact that in this proup 50 per cent of the
strauns isolated at the time of admission to the hospital were penteilhin re
sistant Thus with p i pp. d a smaller p ge of the
adsussion (sesistant} strams than did tetracycline consequently providing
less opportunity for replacement with hospital staphylococc: However over
a period of about eight to mne days the flora of the 13 patents who wege
not treated with antibriotics changed little and few resistant staphylococer were
ssolated
Further evidence of unplantation of drug resistant staphylococer 1n hospstal
patients has been reported by knight et a1® from the Veterans Admumstration
Hospital 1n Nashville Before admimustration of tetracychne the patients under
study carnied very few strmns of staphylococer resistant 10 this drug ang few
also of the muluple drug. group 1 staphyl 1 After the patients
recewved tetracychine hosvever strans le to hne disappeared
and these were replaced by the drug resistant hospital staphylococes Withis
seven to nme days nearly complete replacement occurred This change re
sulted from supp of ahigh p of tetracycline ptible strains
by treatment with the drug leaving the nose throat and other carner sites
free for mnplantation of the hospital staphylococci Among the patients re
cerving no treatment replacement was much moare gradual requirmg some
30 days and resulttag ta an increase of only about 10 to 30 per cent of 1m
planted strains durnng this period of time Hospstal personnel reacted hke
untreated patients i that they acquired drug resistant stzains at a slow rate
There seens to be no doubt that disease prod phyl fi 1
wmplant i the nasal pharynx without producing overt disease Thus we have
1 the populatson at targe a high p of carners of p ly danger
ous staphylococer The probability 1s that the carner rate of such staphylococet
ts a good mdex of the level of contanunaton that one finds wn the environ
ment From studies made mn the laboratones of the Food and Drug Admras
tration 1t would appear that the coagulase positive Staph aureus carner rate
15 on the order of 60 per cent Many hospitals m the past year or two have
had setious probl with Staphyl and th i the
country it hospitals have a potential problem It would seem an advisable
procedure since tme may be of the essence in certain of these outbreaks of
1 disease that ty tests and phage typing be done on all
therprevalhng organisms 1n a gven hospss! commumty such mformation
could be of considerable value 1 a criical sytuation Although there are a
large number of staphylococc: that are cﬂpa\:lc of pmd’ucmg mfection many

are susceptible to the presently {able gh some
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therefore transient hand carniers could be a problem where orgamsms travel
from nose to hand to infant Jt seems likely that contamination by droplets
expelled mto the air 1s also a source of transmssion of staphylococcal disease
Contamination of skin bv intected clothing bedding and other fomites like
wise perpetuates spread of the orgamism

Lookmg at the staphylococcal disease problem objectively one cannot
escape the fact that although 1t has many facets m common with contagious
diseases such as typhoid fever 1t 15 immeasurably more complicated and will
be infimtely more difficult to bring under control The greater resistance of
the staphylococer the large number of carners of this orgamism  the manner
it which 1t 15 acqured and the difference m susceptibility of the host to
infection (controllable 1n the case of Sal typhosa) all militate against easy
solution Furthermore the increase mn number of genatnc patients now
hospitals along with the greater hife span of the debilitated and the diabetic
patient and the high susceptibility of nfants to staphvlococcal mnfection
further magmify the problem

In spite of the fact that the mdiscniminate use of antibiotics has been
saxd by many to be responsible for our staph 1 disease problem there
18 no seientific evidence that this 1s the case At best the antibiotics may have
pointed up a situation already in existence for centuries by elimmating the
sensitive staphylococar Certamnly 1n so far as the epidemic disease 15 con
cerned history imdicates that 1t has been cvelic an character without regard
to chemotherapy Furthermore 1t 1s difficult to explam why an eptdemic oc
curs 1n a single hospital 1n a ctty and not 1n the others when the policy of
antibiotic usage 1s not markedly different mn any of them unless one comes
to the obvious conclusion that there has been a breakdown in technugue
allowing dissemination of a hot strain

In such a situation fagdure to withhold one or more of the antistaphylo
coccal antibioties such as has been done m some arcas could not have been

held ble for the of the epid or for its perp The
hholding of these for when a critical situation arises
(an epidemtc) does not seem very reahstic when there are at Ieasl nine
possible antib for and dual cases
of these infe far ber the epid If a hospital chooses to re
strict the use of certan antibiotics because of toxicity or because of the
b g the of stramns resistant to them the use of

y of
these anubmncs should be permitted m inddual patients when they are
the agents of chorce for the particular infections involved

ANTIBIOTICS AVAILABLE FOR STAPHYLOCOCCAL INFECTIONS

In addition to the six anubiotcs that are discussed 1n detaid separate
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and that 1f dissemination 1s to occur 1t will occur from this focus Carmers of
hosputal staphylococ are presently leaving the hospital and carrying the
organssms 1nto their home environments In some instances the carners will
fose the orgamsms after they have been mn their home environments for vary
mg penods of time their flora will then be replaced with the so-called
normal environmental flora On the other hand a number of these persons
will contimue to catry the hospital stramns of staphylococes for many months
1t 15 Iikely that mothers implanted with hosprtal staphylococer may return in
a year or more for another delivery still carrying the stran they ongmally
acquired in the hospttal This situation according to Dr Rountree has already
occurred 1 Austraha

Sources of Infection The cause or source of continung hosputal mfections
1 frequently difficult to trace Although it can be assumed that mnfections
definitely pass from infant to mother to environment to nfant and so on 1it1s
not easy to find and break the chain In an epidemic reparted? from a small
town 1n New Jersey where a number of infants became infected and passed
the inf to a large p of the mathers many changes 1 the
handling of the infants in the nursery were instituted mfected cases were 1s0-
fated wet mopping of the nursery was d and fil and
of air with ultraviolet light was mmated Since snfection in the newborn infant
occurs usually after the third day infants were checked and sent home on the
third day In addition all personnel known to be carniers were taken off daty
1 the nursery and all inens clothing and other fomutes were stenbized before
washing Through such procedures the epidemic was slowed down but not
stopped It was later found that a part ime worker in the nursery was a
permanent carner of the 52/42B/80/81 strain as soon as she was relieved
from duty the epid ended This 15 certamly of the
pattern of an epidemic of typhod fever

The many ways that an epidemic of staphylococcal disease can be per
petuated 15 uncertamn but the same 1s true of epidenies of typhoid fever The
epidemiologist usually must study epidemics of typhosd fever intensively to find
the carnier or the source of contamination and then prevent perpetuation of
the epdemic by eliminating the source or carnier In the case of staphylococeal
disease p 1 carriers 1n hospitals have deft been mmpl d 1n some
outbreaks Furthermore several eprdemics have been controlled by finding
and eliminating such carners In some epidenics reported 1 the literature
control by use of antib has been plished while on the contrary 1t
has faled mn others probably because of the emergence of new resistant strains
of staphyl In some ks transfer of the ifechion from nfant
to nfant has appeared to be impostant and certainly the fected infant

transmts the organism to and without a doubt nfects the nursing mother
\ 18 d fy resistant fo its envicoument and

A staphyl
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localize and then exude spontaneously Such cases today are seen mamly 1
private practice and not m the hospstal environment

Pemctllin should probably not be used toprcally for minor skin mfections
Thas 13 not because of lack of efficacy of this drug but rather because of its
hih sensitizing potential In addition there are available several antibiotics
of the polypeptide type of low p 1 that are quite as effective
as penscilin for this purpose Pemicilin can be used orally where desirable
1 such mfections as an adjunct to other topical therapy

BACTEREMIA The p n stap b was
poor 1 the de era The d of recovenes d with
sulfonamide therapy and the situation improved considerably after the use of
pentcillin the fatality rate dropping approximately 15 to 25 per cent under
proper use of this agent Most stramns of staphylococe encountered 1n private
practice are still sensitive to low or moderately high concentrations of pent

cilin and the best results i cases of t are ob d when
1s started early It 1s important to use large and adequate dosages because
hyl ave a p d tendency to become resistant and this may

be accentuated when madequate dosages are used Pattents with Staph aureus
bacteremia sometimes show little or no objective mprovement for as long
as a week after treatment has been started In some nstances signs of mm
provement may be evident several days before the temperature finally falls to
normal and before blood cultures become negatve It 1s important therefore
that treatment be continued until all signs and symptoms of mfection have
subsided

Intensive therapy must be used to obtam satisfactory results If treatment
1s started early the dosage should be 500 000 to 1 000 000 uruts of crystalline
penicillin in solution daily given intramuscularly in divided amounts at 2 to
3 hour mtervals If a repository form of penicallin 15 used 600 000 umits every
8 to 12 hours 15 advisable If larger dosages are necessary crystalline pent
cillin solutions may be given by continuous imtravenous infusion and several
million umts a day may be admimstered by this method

In ail cases of stap 1 b the p of a
spread must constantly be kept 1n mmd The unmne should be examined regn
larly and signs and symptoms referable to the lungs bramn endocardum
and other organs should be carefully evaluated If response to intemsive
penscillin therapy 1s not satisfactory sensitwvity studies should be repeated not
ouly to that drug but to the other antibiotics as well and the plan of therapy
adyusted accordingly

OSTEOMYELITIS It 15 now well established that pemicilin if started early
n the course of acute osteomyelitss caused by semsitive staphylococer often
results 1 complete recovery m most cases without the need for surgical
dranage As soon as the diagnosis 1s reasonably certam 200 000 units of
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chapters in this book p m chi J 1 the tetracvel and bact
tracin all have been and still are useful for some of the staphylococeal mfec
tions Leucomyein now in use n Japan also appears to have ment mn this
field This antibotic 15 now under chmical stody 1 (s country and pre
liminary 1n vitro work 1ndicates 1t to be quite active agamst Staph aureus but
1t will not be considered in detail 1n this volume

Pemicillin Pemcilhn of course has been used 1n staphylococeal mnfections
and 1t stil 13 according to data presented at the Sixth Annual Symposwm on
Antibiotics In a panet discussion on antistaphylococeal antibioties moderated
by Maxwell Finland there was general agreement that pemcilln would be
the drug of choice 1n mfections caused by susceptible stramns (strains suscep
tible to 2 0 umts or less per ml ) There was general agreement also that if
the wnfecting stram 1s a pemcillinase producer (and thus resistant) high
dosages are usually of littie avail and the panel recommended agamst its use
mn such cases However some experts not rep d on that panel expressed
themselves m favor of the use of massive dosages 1n severe infections with
resistant strams and have observed good effects from such usage in thewr ex
penence

In considenng the use of pemcillin for mfections caused by staphylococe
sensitive to this drug a distinchion should be made between hospital acquired
disease and that acqy 1n the or home env The mfec
tions acquired in the hospital are nearly always caused by pemucilin resistant
orgamsms and thus this drug alone or m b with other antib
1s generally of hittle avall Those mfections acquired outside a closed environ
ment are frequently sensitive to penieidlin and 1t 1s the drug of choice 1n such

£ y studies of the mfecting orgamsm are of course essential
for proper handling of these cases

Toxicrry Pemcillin probably stilt 1s the least toxic (mnherently) of the
antibiotics available This should be kept in mind with those patients who are
susceptible o treatment with it particularly when other antibiotics perhaps
equally effective but more toxic could also be used The toxicity of pemailhin
15 related to its antigenicity and prochvity for sensitization n certain persons
Where the possthality of tivity or can be obviated penicillin
15 one of the most useful drugs m staphylocoecal mfections due to pemciilin
susceptible organisms and this 15 most often the case 1 infections acquired
outside the hospital environment

PENICILLIN 1N STAPHYLOCOCCAL INFECTIONS STAPHYLOCOCCAL INFEC
TIONS OF THE SKIN AND SOT'T TisSUES Pemcilin has been used successfully in
2 great number of cases of furunculosts and other forms of pyoderma mncluding
carbuncles and obscesses where sensitive orgamisms are mvolved With sys
terme treatment healing of the lesions without mesion or dranage often
results within a day or two The purulent material may undergo resolution ot
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therapy m daily amounts of from 1000 000 to 2 000 000 umts or more by
at two hour mtervals or the drug may
be given by continuous intravenous infusion In nfants or children 10 000
uauts of crystalline peraillin are given wntrathecally once or twice daily com
bined with 50 000 to 200 000 umts or more every two hours parenterally
Simu} d of sulf des with p ding to
some workers gives better results than penicillin alone and they recommend
remens employing both drugs The dosage of sulfonamide should be ample
to maintain a blood concentration of approximately 10 mg /100 ml Treat
ment should continue for @ muumum of three weeks

STAPHVLOCOCCAL ENDOCARDITIS Staphylococcal endocarditis 1s the most
senous comphication of generalized staphylococcal sepsis and carmes the
poorest prognosis However Wilhelm et al®® observed recovenes i 6 of 11
Ppatients treated with penteallin Staphylococes usually cause an acute malignant
form of endocarditis Occasionally however where a strain of low virulence
15 mvolved the disease follows a subacute course In the usual acute form
multiple septic focs are often present Infarcts in the spleen lungs and brain
are common and the valvular lesions are only one feature of the generahized
sepsis When the disease follows a subacute course the infection locahzes at
endocardral sites for several weeks after which memngitis and other septic
complications may occur Large dosages of pemcillin are usually needed 1n
treatment 500 000 unuts or more of soluble penicilin every six hours or
600000 umits of procame peniciliin every 12 hours should be used and this
regimen should be continued for from four to eight weeks Because of the
refatively fow recovery rate sensitivity determmations to the other antibiotics
and sulfonamde drugs are advisable and should be used as a gwde to therapy
mall cases Muluple antibsotic therapy may be quite successful when response
1s unsatisfactory or when a relapse occurs Pemcilhn and streptomycin are
reported to have been used successfully 1 this mfection as well as pencilin
and bacitracin when the infecting organism 1s sensitive to these antibiotics
At the present time pemicillin 1s still clearly the drug of choice for the treat
ment of staphylococeal endocarditis when the infecting organmism 15 sensitive
to this drug

STAPHYLOCOCCAL OTITIS MEDIA AND MASTODITIS The value of penicillin in
the ¢ of these 1s well hished when P organ
isms are involved Pemicillm should be started 1n the early acute phases when
U often obviates the need for surgical intervention The wusual dosage 15
200 000 unuts of soluble pencithin every six hours or 600 000 umits of pro
came perucillin twice daily I surgical dramage becomes necessary 1t should
be done without delay The results obtained 1n chromc infections are
gencral less satisfactory than those observed mn the more acute cases

Chloramphemcol The first report on the drug chloramphenicol (Chloro
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pemgeillin every four hours should be mjected intramuscularly or if a repos
atory form of pemcilin is nsed 300 000 to 600 000 units every 12 to 24 hours
should be given If treatment 15 delayed bevond a few days considerable bone
destruction oceurs with necrosts of the cortex and cavity formation This
requires surgical drmmage Surgery 15 necessary also if there 15 abscess forma
uon euther subperiosteal or 1n the soft tissues or where the jomt space is
mvaded In these cases parenteral therapy may be supplemented with jocal
nstillations of a soluble salt of the drug 1n g concentration of S000 units or
more per mi This 1s usually repeated once or twice daily

In chromic osteoryehtis pemation guves hughly satisfactory resuits but only
when combined with adequate surgical intervention Sequestra must be 1€
moved early and sinus tracts exci.ed before healing can occur Treatment with
pemcithn for three to six weeks or longer 15 usually required If the response
1s not satisfactory or 1f a relapse occurs repeat bacteriologieal studies should
be done to determine the sensitivity of the orgamsm mvolved to the available
antibiotics and the plan of treatment should be rewised m accordance with
the findings Treatment fatlures may occur 1f one anubiotic s used when
another 15 actuafly indicated

STAPHYLOCOCCAL PNEUMONIA Prmary as well as secondary cases of

hyt have responded favorably to p M when the

urgamsm was scnsmve If there are no focr elsewhere rccovcry may be com
plete within a week or two with intensive penerdim therapy The druy, must
be adminstered i Jarge amounts (250 000 to 500 000 units) every two to
three hours intramuscularly or by contmwous intravenous mfusion The
patent should recenve the same general symp(omauc care as w other z)pes
of pneumoma The more 1ons include  staphyl
empyema pericardites and lung abscess Many cases of staphylococcal preu
monia occur 1n hospitalized patients who may be infected with resistant strains
of this organism 10 such cases pemcillin 15 not the proper antibiotic to use

and sensitivity tests must be perfe d to d the best antit treat
ment
STAPHYLOCOCCAL s I hyl caused by a

sensiive strain 1s treated early and mtcnswdy the recovery rate is approxt
mately 40 per cent Surgical measures to pernut free dramage of the primary
focus or foct of infection are essential Treatment shovld be continued for at
least 10 days after the signs and symptoms of menmgtss have subsided and
repeated cultures of the cerebsospingl flmd are negatve Recurrences have
been reported as fate as four to six weeks after therapy was discontinued

Pemarliin 1s given mtrathecally as well as syst Jly The dosage of crystal
hine pemiciltin G sntrathecally 15 20 600 umits given 1n a volume of 5§ ml once
or twice daly The rep lypes of p are not n

h 15 bined with systemec

this i The
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In spite of this however 1n some subjects chloramphencol can be demon
strated 1n low concentrations at the twenty fourth hour

Chloramphenicol diffuses readily into the cerebrospinal fluid and other body
flmds and mdirect evidence supgests that 1t also penetrates cells of the body
m the form that has antit 1 activity The L 15 bolized
presumably mn the Iiver and appears wn both the bile and sala after ad
mmistration

Toxiciry Chloramphemicol 15 a drug of remarkably low toucity The
literature indicates that the great majonty of nvestigators who have studied
thrs drug chineally reported no untoward reactions Smadel ! pointed out
that 1n spite of the mtrobenzene nucleus m the formula of chleramphenicol
which mght suggest toxicity for the erythropoletic system i man he had
not observed any evidence of mtolerance or toxicity mn a relatively large num
ber of patients with high dosages In addition to this Woodward and his
colleagues® have treated 200 typhoid patients and approximately 1500 add
tional patients with vared infectious disorders and 1o no mstance did they
encounter evidence of the sertous blood dyscrasias reported by other mvestt
gators

Early n 1950 a few reports ap d impl hl h 1 as the
cause of certain blood d. These and publ, have
made 1t evident beyond reasonable doubt that i certain susceptible persons
chloramphemeol causes blood dyscrasias including aplastic anema leuko
pena th P purpura and ! Of these female
childeen under 12 years of age with a history of chronc Hllness asthma or
allergy are most frequently affected

O other d mmnor 1 character have been
tecorded Hirsch 8 1n reporting the effect of chloramphemicol mn a case of 1
fectious mononucleosss stated that his patient complained of an altered sense
of taste food lost 1ts flavor and smoking was not pleasant The second side
effect was the d; pp of a response  which occurred
on the sith day of treatment At this ime the patient felt somewhat thzzy
Tus face became flushed and red macular lesions appeared over his face The
pulse and respuratory rates were accelerated There was no associated pruritus
These symptoms persisted for about 30 mimutes and subsided spontancously
The same syndrome occurred after the last dose of the drug was given
Stomatitts has been reported as a possible side reaction to chloramphenicol
by Robinson et al 1

These authors in their studies of the effect of chloramphentcol m early
Syphibis observed stomatitis in 4 of 17 patients In addition they reported
some looseness of stools or diarrhea m 1 patient Two patients i their series
showed unexplamed miltary papular eruptions on the forehead Romansky
etal20 g g study of the antitreponemal effect of oral chlorampherucol ob
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mycetin*} by Ehrlich et al was a cautious review of the antibactenal spectrum
and apparent low toxioity of this drug Evidence was presented to show that
this antibiotic was effective against certam gram negative bactena such as
Brucella abortus Escherichia colt Klebsiella preumomae Proteus species
Salr lla sch llern Shigella parad: sonner and the gram post
twve orgamsm Staph aureus In add marked chemotherap actwvity
was shown wn chick embryos agamst certun rickettsiae and m embryonated
eggs and mice against a virus infection At the same time Smadel and Jack
son reported a rather remarkable chemotherapeutic effect of this drug on a
number of rick and on the p virus Smadel et al ¢ Jater made
a careful companison of the effect of synthetic chloramphenicol and that
produced bv fermentation and found that chemotherapeutic activity was
wdentrcal agamst both nckettsial and virus mfecnons m man and ammals At
the present time all chk t s p heticall,

Chimeal indications for chloramphemcol based on laboratory n vitro studies
have been m a large pan borne out by actual clmical trial A voluminous
1 has the wide bral spectrum of
this drug In a general way @t can be said that chloramphenicol really a
wide spectrum antibrotic 1s active agamst both gram positive and gram nega
twve bactena certam nickettstae spirochetes and viruses Fung and protozoa
are not to 1 Partieniar 15 called to ats activ
ity agamst Sal typhosa since chl h ) bly 15 the drug of
choce 1n the treatment of typhoid fever Of particular interest 1s the fact that
the very great majonty of the so-called resistant staphylococer are susceptible
to its action

ABSORPTION AND EXCRETION Chloramphenicol 1s rapidly absorbed from
the intestinal tract of man It 1s metabolized readily and excreted by way of the
ludneys Present evidence indicates that approximately 90 per cent of the

d dose may be d for 1n the unne at the end of 24 hours
However less than 10 per cent of the admimstered dose 1s excreted un
changed 1¢ 1n the antimicrobally active form whereas the great bulk of the
drug 1s excreted as an mactive rtro compound

Although lower of active chil 1 1 are d ated
1 the unne dunng the oral use of this drug blood canventrations are some
what higher than those obtamed after comparable oral doses of the tetra
cyclines The concentration of active chloramphent.ol in the blood drops off
rapidly so that by the sixth hour its concentration 15 somewhat lower than
that obtamed at this time wath similar doses of the tetracychnes The more
rapid of k 1 from the blood may be explaned

by the fact that it 18 rapidly metabolized into the mactive mitro compound

* The trade name of Paske Davis & Co Inc for chlaramphenicol 13 Chloromyceta
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these stramns have been implicated mn epidemics of impetigo and other sk
fections Chloramphenicol has been used with success 1n the management
of this type of mfection Although furuncles when small and sparse and un
comphcated do not usually require antibrotic therapy large lestons surrounded
by more cxtcnsne areas of ceflulitis benefit from systemic admmistration of
to alone may often be disappomt
ng 1n the presence of abscess formation Frequently orgamsms isolated from
these avascular lesions are found quite sensttave to the antibiotic adminstered
even though poor results are obtaned O an 1mp part of the
management of large furuncles and abscesses 15 surglc:\l treatment of the con
dmon by dramage of pus removal of necrotic tissue and possibly enzymatic
Cli has been employed m the manage

ment of localized staphylococcal mfections when surgical drammage has been
a part of the treatment

STAPHYLOCOCCAL PNEUMONIA AND EMPYEMA Nearly all cases of staphy
lococeal poeurmoma are caused by hemolytic strams of coagulase posttive
Staph aureus This disease may occur as a primary mfection and s seen
frequently m infants er as a terminal event i diabetic debilitated or aged
persons It occurs as a secondary mnfection due to chronte pre-existing disease
such as chronic pulmonary disease blood dyscrasias or fibrocystic disease
and may follow 1nfl It occurs as a 1 or as a sup
1 patients who are bemg treated orally with the tetracyclines The mortality
tate m staphylococcal pneumonia 1s very hugh even though chemotherapy 1s
mstituted without delay and m adequate dosage In anv case to be effective
chemotherapy must be instituted promptly if a desirable Tesult 15 to be ob-
taned There 15 some evidence that staphylococcal toxms may play a role
1 the pathogenesis of this disease Towuns already formed would continue
to act unabated even though the antibrotic were effective mn eliminating the
etiological agent The formation of abscesses mtroduces difficulties 1 man
agement and prolonged admmstration of the proper antibiotic ts necessary
to elmimate staphylococct from such lesions and to prevent relapse

The orgamsm mvolved m the infection frequently exhibits a broad range
of antibiotic resistance However most stramns causig pneumonia are still
found to be sensitive to chloramphenicol when tested 1n vitro In spite of these
favorable 1n vitro results and the fact that chloramphenicol has been found
by some to exert a favorable action m this disease others have reported that
therr results have not been striking As a matter of fact a number of authors
have commented on the apparent ineffectiveness of all the broad spectrum

m this 1s espectally true 1f abscess for
mation 18 advanced Because of this chloramphemcol alone 1s not usually
1ndicated 1n the of this rapidly fatal mfection

The drug should probably be used in combination with a bactericrdal anti



16 ANTIBIOTICS MONOGRAPHS | 12

served a mld Jansch Herxheimer reaction They felt that this reaction was
Iess frequent m patients treated with chloramphemcol than m those treated
with perictlin Stephens ¢ reported a shock type reaction  charactenzed by
circulatory collapse 1n typhoid patients treated with chloramphemco) Unlike
the Herxhermer reaction the temp was usually d

In general fewer cases of loose stoofs and dxarrhca are reported with
chloramphemcol than with the tetracyclines An explanation of this m part
at teast may be the rapid absorption of chioramphenico! from the gut and the
rapid of that g 1 the

In summary the majority of side reactions that occur in man after the
admintration of chloramphemcol are muld in degree and regress after
cessation of the drug Toxic manfestation may be grouped mto three cat
gories  gastromtestimal allergic and blood dyscrasias Fortunately all three
complications are sare ang are not restricted to this drug alone As has been
pointed out by Woodward and Wisseman 3 In our experience chloramphen
tcol has been well tolerated and there has been no need to discontnue it
because of at m the b logical picture or other side reactions
mdicative of renal or hepatic damage Nevertheless the drug should not
be used when there ts evidence of development of significant anema, throm

P or marked granul
CHLORAMPHEN]COL e StAPHYLOCOCCAL InPECTIONS Emergence of
staphylococer resistant to chl ph has rarely d since the de

velopment of this drug except n an occasional chme where 1t has had wide
use m a closed population However the madence of resistant strams still
remans relatively low In most hospitals at the present tme some 60 to 80
per cent dnd even more af the staphylococcn 1solated are stili sensitve t0
P ol This of the staphyl to chior
amphemcol may be refated to the comparatively restncted and more careful
use this dmg has enjoyed <wnce 1t was demonstrated that m certam 1are i
stances 1t caused various types of blood dyscrasias Regardless of the causes
that have been responsible for the low proportion of stramns resistant to
chioramphemcol the fact 1 that this drug stil remans high on the hst of
anbbiotics that are currently useful in the treatment of staphylococeal infec
tions particularly when used together with other more actve antstaphylo-
coceal antbotics 1o which the organisms may develop resistance rapidly
such as P ery and Is 1t shouid be borne
mind that chl h lisab drug for most strams of staphy
lococy although there have been reports of bactencidal action with certain

stramns
STAPHYLOCOCCAL INFECTIONS OF THE SKIN AND SOFT TISSUES The Staphy

Jococcus 15 known to be an mmportant cause of impetigo contagiosa Fre
quently infections are caused by orgimsms classified m phage group 111 and
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these strains have been n ep of impetigo and other skin
nfections Chloramphenicol has been used with success in the management
of this type of infection Although furuncles when small and sparse and un
complicated do not usually require antibiotic therapy large lesions surrounded
by more extensive areas of cellulitis benefit from systermc admmstration of
appropriate anttbrotics Response to antibiotics alone may often be disappoint
g 1n the presence of abscess formation Frequently organsms isolated from
these avascular lesions are found quite sensitive to the antibiotic adminsstered
even though poor results are obtained Obviously an important part of the
management of large furuncles and abscesses 1s surgical treatment of the con
ditton by dramage of pus removal of necrotic tissue and possibly enzymatic
debndement Chloramphenicol has been employed successfully in the manage
ment of localized staphylococcal mfections when surgical dramnage has been
a part of the treatment

STAPHYLOCOCCAL PNEUMONIA AND EMPYEMA Nearly all cases of staphy
lococcal pneumoma are caused by hemolytic strams of coagulase positive
Staph aureus This disease may occur as a primary infection and 15 seen
frequently in infants or as a termunal event 1n drabetic debilitated or aged
persons It occurs as a secondary infection due to chronsc pre-existing disease
such as chrome pulmonary disease blood dyscrasias or fibrocystic disease
and may follow It occurs as a )i orasa
1n patients who are being treated orally with the tetracychines The mortality
rate 1 staphylococcal pnevmoma 1s very high even though chemotherapy 1s
mstituted without delay and 1n adequate dosage In any case to be effective
h py must be d promptly 1f a desirable result 15 to be ob-
tamed There 1s some evidence that staphylococcal toxins may play 2 role
m the pathogenesis of this disease Toxins already formed would contimue
to act unabated even though the antibiotic were effective 1 ehimmating the
etiological agent The f of ab: d d n man
agement and prolonged admmstration of the proper antibiotic 1s necessary
to eliminate staphylococe: from such lesions and to prevent relapse

The orgamism nvolved 1n the mfection frequently exbits a broad range
of antibiotic resistance However most strams causmg preumonia are still
found 10 be sensitive to chloramphenicol when tested 1n vitro In spite of these
favorable 1 witro results and the fact that chloramphemcol has been found
by some to exert a favorable action i this disease others have reported that
their results have not been stnking As a matter of fact a number of authors

have commented on the apparent of all the broad-sp

b 1n staphyl this 15 espectally true f abscess for
mation 15 advanced Because of this chloramphenicol alone 1s not usually
indicated mn the of this rapidly p ly fatal infection.

The drug shoutd probably be used 1 combmation with a bactencidal ants
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biotic to obtamn the most satsfactory results In addition when large ab-
scesses are present surgical dramage may be a necessary adjunct to any
chemotherapy when the abscess does not commumeate with the trachea Re
moval of exudate from the pleural cavity by thoracentests ss an smportant part
of the therapy of staphylacoccal empyema and is mvanably used i conyunc
tion with approp t therapy O Jly closed or even open
h 18 required to establish proper d

STAPHYLOCOCCAL SEPTICEMEA AND ENDOCARDITIS Staphylococeal sepht
cemia with or without assoctated endocardsis 15 a disease with an cxkrcmcly
high mortality rate Next to the nont lytr the
probably cause endocarditis more often than any oth:r orgamsm Endocnr
ditis 15 probably the most senous 1 of g
sepsis and invanably carnes a poor prognosis the course 18 usually acute but
2 subacule course 15 sometimes observed In the usual acute form multple
septic focr are often present The mstitution of antsbiotic therapy does not
cause a dramatic reduction m mortality rate from staphylococcal sepsts The
increase in number of antibiotic resistant staphylococe: has probably been
partly responsible for the failure to reduce the fatahty rate materially How
ever even though in some cases the orgamsms covsing this senous disease
are susceptible fo the antibiotics patients suill die 1in spite of antibiotse treat
ment

There are a large number of peacdin resistant staphylococes causmg this
disease that are senstuve 10 chloramphemco! whcn tcsted by the usual i vitso

test In general however although iy brings about
cures 1t frequently fails to contro! the mnfection Evidence seers 1o show that
the best results are d when chl k 15 employed 1n combmna

tton with another antibiotic such as bacstracin or erythromyen In any case
when another antibiotie 18 used with chioramphemcol such 2 drug should be
bacteriardal rather thap bactersostatic Response to therapy seems to be
best when 1t 1s imtiated. early i the disease From expersence o 1s apparent
that mtenstve and prolonged therapy 1s required to obtain complete recovery
and recovery s faciated if the accessible suppurative necrotic foct are
dramed

OSTEOMYELITIS A large majonty of cases of osteomyelitis are caused by
staphylococct and a common form 1s the acute hematogenous varsety occurning
almost exclusnvely i chiidren The discase may follow imjury to the bons from
a fall or bump or may occur as an aftermath of trauma such as a compound
fracture A have 1 d the t of acute Iy
enous osteomyeltis for m them we have specific means for treatment of
both the generahized wfectson as well as thc Jocahized mfected process of the
bone Local and supportive s the ¢ of thus
disease and should be started as early as pass;blc The bone should be
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immobilized as long as signs of infection persist Prolonged therapy s re
quired to eradicate the infectious process and to prevent relapse and chemo
therapy should be d wath surgical proced as they may be essentsal
for cure The general abjective of surgical 1ntervention ncludes the eradicatton
of walled off persistent foc1 increased contact of the therapeutic agent with

the affected area and p of damage to structures
Although penicillin has been the drug of choice for the treatment of osteo
myelitis caused by staphyl mfection with p 1in resistant strains of

the orgamism has necessitated the use of other antimicrobial agents Chlor
amphemcol has yrelded good therapeutic results 1n a number of cases despite
the fact that 1t 1s largely bacteriostatic 1n action In 2 general way the treat
ment of hitis with chl ph 1 should be d 1n (1) the
presence of pemcilhn resistant strains and (2) combined therapy—chlor
amphenicol with one of the bactenicidal drugs such as bacitracin erythromy
cm or kanamycin

In summary the mcidence of chloramphenicol resistant stramns at the
present time 15 Jow and indications for this drug are more frequent than
previously It 1s quite evident that superfictal and localized mnfections caused

by sensitive to chl h 1 tend to respond well to 1its use
When the drug 1s employed m the of stapt p
however 1ts effect ts often irregular and disappointing In such serious nfec

tions h 1 when with other carefully selected drugs
chosen on the basis of sensittvity tests particularly if these drugs are bac
tenicidal compares favorably with other antibiotics When there are large
accessible focs of suppuration therapy 1s more successful when proper surgical
dramnage procedures are used along with chemotherapy In most of the staphy
lococcal 1nf i! d 15 essential if relapse
15 to be prevented

Tetracychnes The tetracyclines are pnmanly bacterniostatic agents they are
bactericidal m relatively high concentrations only All three have been shown
I vitro and 1n VIvo to be active agamnst both gram positive and gram negative
orgamisms as well as certam of the large viruses and Rickettsia Certan dif
ferences 1n actvity may be demonstrated among them eg the apparent

greater 1n vitro actiity of over its aganst certain
of the stap and the d activity of oxytetracycline m hu
man when both chl and hine are

y
meflective However 1n a general way the three tetracyclines are equally
eflective 1n the great majonty of susceptible diseases

ABSORPTION AND EXCRETION The tetracychines are readily absorbed from
the nfestinal tract when admimstered orally in capsule form After absorption
they diffuse 1nto all body fluds and tissues In sigle doses of from 075 to
10 Gm serum are obtamed quite raprdly and
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these are mamntamned for relatively long peniods of time Therapeutic levels
(for susceptible inf ) are d rather ly for from s to
eight hours and complete disappearance from the i 15 not observed
for from 24 to 30 hours When doses of 05 to 10 Gm are admunustered to
patients every six to eight hours the serum concentrations of these drugs
vary from 2 to 4 pg /ml although concentrations 1n some patients may €%
ceed 6 or even 8 ug /ml From the blood stream the tetracyclines readily pass
mto the penitoneal flwd bile unne and mitk These drugs have been found
n the liver kidney lung and spleen and also pass imto the fetal circulation
through the placenta Both chlortetracychne and tetracycline pass the blood
bramn barrier probably in therapeutic amounts The presence or absence o

mnflammation 1s probably not a factor lling this di as app 1
1s the case with oxytetracychine which does not readily traverse the barner
After oral ad ation all three tet 1 appear 1n the unne m

fairly high concentration durimg the first two hours and stay at maximum con
centration for from 6 to 12 hours About 10 to 20 per cent of these drugs 1s
recovered 1n the unine 1n the first 12 hours while the amount excreted dunng
the second 12 hours vares considerably

Toxicrry The tetracyclines are ch herap agents that may be vsed
without fear of sertous toxic effects Untoward side effects consist of nausea
vomiting epigastric distress heartburn  and diarthea which occur more
often 1n women than 11 men Nausea and vomiting are controlled 1n some
patients by giving the capsules with milk The diarrhea often persists for
several weeks but may be helped by the administration of kaoln pectin o
bismuth The diarrhea observed in patients treated with the tetracyclnes 1s
: bly not a toxic fi of these drugs but rather an expresston of
the profound effect they have on the mtestinal flora Several chmical studies
have indicated that at the same dosages tetracyclmne 1s less likely to cause
untoward side effects than 1ts analogues

Other side effects that have been reported after the use of the tetracyclines
are stomatitis chedosis skin and mucous membrane eruptions and vagimtis
In addition a Herxheimer type of reaction has been observed Often patients
treated with the tetracyclmes over a peniod of time may show nothing but pure
cultures of yeast 1n the stools Frequently the stools become loose and lose
their normal odor and the patient complamns of prantus amt The latter 1s
probably due to the abnormal shuft of the bactenal flora to the 2a1d producing
yeasts

Although the tetracychines are for the most part used orally some intra
muscular and imntravenous dosage forms are available Intramuscularly they
cause constderable irntation and the stte may become extremely pamful The
intravenous forms even with the special diluents may cause phlebitis 1n ap
proumately 10 per cent of patients treated This reaction subsides promptly
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without senous residual effect as soon as this method of admimstration 13
stopped In those patients treated mtravenously the oral dosage form should
be substituted as soon as feasible Both nausea and vomiting have been
reported after the intravenous use of the tetracyclnes and excessive mtra
venous dosage of chll and o; yelne and to a lesser degree
tetracycline sometimes cause Liver damage This 1s evidenced by jaundice
enlargement of the hver and necrotic changes m the cells The Liver damage
appears to be reversible 1if admimstration of the drug 15 stopped soon enough
The tetracychines like most drugs will sensitize some persons Extensive
clinical use mdicates however that the imcidence of patients who become
sensitive to these drugs 1s extremely low
TETRACYCLINES IN STAPHYLOCOCCAL INFECTIONS The tetracyclines have
been used successfully m 2 wide vanety of staphylococcal infections and 1t
would appear that when the infecting orgamisms are sensitive these drugs may
still be used with success However the distinct tendency for staphylococer to
become resistant to these antibiotics makes 1t essentral particularly 1 the
more senious 1nfections to have sensitvity tests performed on the infecting
stram This would be particularly true m the hospital commumty where
line resistant staphyl are d There 1s almost
complete cross resistance among the three tetracyclines and nearly all hospital
staphylococes resistant to them are also resistant to penicilhn
The tetracychnes have been used with favorable results 1n local abscesses
cellulits pyoderma acne mmpetigo otitis media unnary tract mfections
phyl and b H m the
senous infections 1t seems apparent that the tetracyclines are best reserved
to be used i combination with other agents when the organism 1s sensitive
to them rather than to use them alone since development of resistance 1s a
serious problem 1n their use Such combinations would be of one of the
tetracyclines and pemcillin when the organism mvalved 1s susceptible to mod
erate amoynts of pentcillin and small or moderate amounts of the tetracychne
Similarly erythromycin 1 combination with one of the tetracyclines would
appear logical when the Staphylococcus mnvolved 1s moderately semsitive or
sensitive to both drugs
Bacitracin The first report on bacitracin by Johnson et al® noted marked
antibacterial action particularly against gram positive bacterta Staph aureus
preumococcus types I 11 and 11T 8 hemolytic streptococer and certain strains
of clostnidia were all mbibtted 1n therr growth by the action of this drug
Bacitracin has little or no actiity against the gram negative types except for
Hemophilus influen.ae type B meningococer and gonococel Certain of the
actmomycetes and Treponema pallidum ate sensttive to bacitracin while fungt
such as Candida albicans Cryptococcus horums and Nocardia asterordes are
tesistant In general orgamisms sensitive to bacitracin do not readily develop
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these are mamtamned for relatvely long periods of time Therapeutic levels
(for ptible 1nf ) are d rather ly for from six to
eight hours and complete disappearance from the circulation s not observed
for from 24 to 30 hours When doses of 05 to 10 Gm are admimistered to
patients every six to eight hours the serum concentrations of these drugs
vary from 2 to 4 pg/ml although concentrations m some patients may ex
ceed 6 or even 8 pg /ml From the blood stream the tetracychines readily pass
into the penitoneal fluid bile urine and mmlk These drugs have been found
i the liver kidney lung and spleen and also pass into the fetal cuculation
through the placenta Both chlortetracychne and tetracycline pass the blood

bramn barrier probably 1n therap The p or absence of

mflammation 1s probably not a factor lling this diff as app 1

15 the case with oxytetracycline which does not readily traverse the barner
After oral ad ration all three tet: 1 appear 1n the urne m

fairly high concentration during the first two hours and stay at maximum con
centration for from 6 to 12 hours About 10 to 20 per cent of these drugs 15
recovered 1n the unne 1n the first 12 hours while the amount excreted during
the second 12 hours vanes considerably

Toxicity The tetracychnes are chemott agents that may be used
without fear of serious toxic effects Untoward side effects consist of nausea
vomiting epigastuc distress  heartburn  and diarthea  which occur more
often 1n women than 1 men Nausea and vomuting are controlled 1 some
patients by gwing the capsules with milk The diarrhea often persists for
several weeks but may be helped by the admunistration of kaolin pectin or
bismuth The diarrhea observed m patients treated with the tetracyclines 1s
probably not a toxic of these drugs but rather an expression of
the profound effect they have on the mtestmal flora Several chmcal studies
have indicated that at the same dosages tetracycline 15 less Iikely to cause
untoward side effects than its analogues

Other side effects that have been reported after the use of the tetracyclines
are stomatitis chedosis skin and mucous membrane eruptions and vagimtis
In addition a Herxheimer type of reaction has been observed Often patients
treated with the tetracyclines over a period of time may show nothing but pure
cultures of yeast 1n the stools Frequently the stools become loose and lose
their normal odor and the patient complams of pruntus ans The latter 15
probably due to the abnormal shift of the bactersal flora to the acid producing
yeasts

Although the tetracyclines are for the most part used orally some ntra
muscular and intravenous dosage forms ate available Intramuscularly they
cause considerable srritation and the site may become extremely panful The
intravenous forms even with the special diluents may cause phlebitts m ap-
proximatelv 10 per cent of patients treated This reaction subsides promptly
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recovered 1n the cerebrospinal fluid after large intramuscular mjections m the
absence of inflamed mentnges
BACITRACIN IN STAPHYLOCOCCAL INFECTIONS INFECTIONS OF THE SKIN
Bacitracin has been used 1n treatmg a number of pyodermas mncluding car
buncles and furuncles Meleney and Johnson® reported on the treatment of
several kinds of pyogenic infections of vanied etology with bacitracin The
drug was admnstered 1n 100 cases either 1n aqueous solution (57 cases) 1
a water soluble omntment base {32 cases) or i a combmnation of both (11
cases) Furuncles and carbuncles as well as deep or superficral abscesses 1
the series were treated by injection of the aqueous material nto the center of
the lesson The quantity used depended on the size of the lesion and vaned
from 01 to 50 ml The first njection often cavsed a burmng sensation which
tended to become less ble with subseq: } Open ulcers
usually were treated with the omtment preparation The drug was considered
of value 1f 1t obviated or permitted less extensive surgery than would be
expected shortened healing time or permutted earlier primary or secondafry
closure The most important criterion was prompt elimunation of the causative
orgamism It was found that bacitracin met one or more of these critena 1n §8
per cent of the cases and the authors were impressed by the action of baci
tracin aganst many pemcillin resistant strains of staphylococe: and noghemo-
Iytic streptococe1 No evidences of toxicity were observed
Derzavis et al! treated 138 patients afficted with a vanety of deep and
supetficial pyodermas with bacitracin omtment (1000 units/Gm  of petro
latum) The response was prompt and effecttve 1n all mstances when direct
contact with the omtment was obtained An extremely low incidence of drug
sensitivity was observed
RBacitracin for topical application or for local infiltration 1s generally used
1n a concentration of 500 units/ml For open lesions 1nfiltration therapy may
e )l d with most d of the drug or the omtment (500 to
1000 umits/Gm ) may be used Bacitracin must be put in contact with the
nvading organusms for optimal results When the drug 1s used repeatedly for
Iocal infiltration or used on extensive denuded areas the possibility of systermic
absorptton and renal njury should be kept n mund
STAPHYLOCOCCAL PNEUMONIA AND EMPYEMA Bacttracin has been used
successfully 1n a few cases of staphylococcal pneumonia when the organism
msolved was found reststant to other therapy Although insufficient work has
been done to evaluate the role of bacitracin i this disease 1t may be life
saving i1n some cases but 1t 1s most useful when given together with other
active antibiotics to which the orgamism is also sensitive It may be used sys
temically to supplement large dosages of penucilim if the orgamsm 1s only
slightly sensttive to the latter and 1t may be used for mtrapleural mstillations
n empyemas due to pemiciilin resistant strains




22 ANTIBIOTICS MONOGRAPHS | 12

resistance to i an vivo, although 1t 15 possible to demonstrate this phenomenon
m witro
Bacitracin 1s a stable drug and at temperatures less than 56 C its stability
parallels that of pemcilin At temperatures of 80 C 1t foses potency rapidiv
As the punty of bact 15 d toward s th 1 potency of
approxmately 70 umts/mg, sts stabihty 1ends to decrease Two relonvely
msoluble salts of baetracin zinc bactracn and bacitracm methylene dy
salicylate have been made avadable Both of these salts are more stable
mn the dry state than 1s bacitracin end produce far more palatable preparations
when used m troches and tablets
Toxicrry There 15 hitle doubt concermng the toxicity of bacitracn This
toxicity has heen demonstrated 1 ammals and in man However, although
ammal tests mvariably show the drug to be nephrotoxic when given m suffi
ctent dosage and for proper lengths of time the drug can be given to man
m effectne dosage without demonstrable nephrotoxicity Meleney a co
discoverer of this drug has made a number of reports? 1115 on several hundeed
cases i which no signs of senous nephrotoxicity were evident He potnted
out that the most imp d i the lar use of b
15 adeguate intake of flmds In adults a daily intake of 2500 m! of Bds and
an equivalent amount 0 chddren 15 essential  All intake and output of fuids
should be measured and if urmary output exceeds 1000 ml  there need be
no fear of nephrotoxicity
The dosage of b ding to Meleney, should be started at
15000 to 20 000 units and continued every six o exght hours This dosage
can be mcreased to 25 000 umts but should not exceed this amount nor
should 1t be used more frequently than four tumes daily (total 100 000 untts)
Baciracin should be used promptly when the inf 1 found to
be resistant to pemaiilin and sensmive to bacstracss It should probably be
used i p Hin resistant staphyl 1 1ok m g to the
broad spectrum  antibiotics because of its bactemadal action and 15 most
useful n t with other t to which the Staph: 5
also sensiive
ABSORPTION AND EXCRETION Bacitracin 13 absorbed quite readily after
2! J1 but it disapp from the blood less rapidly than
Ihn 3t 15 not absorbed from the tract Higher and more
7 d blood are ob d after ntr lar b
:han with comparable doses of pentcifin This difference m blood concen
tration 1s related to the difference 1 rates of unnary excretion of these ant
iotics Banitracin 15 cleared by the kidney at a rate approximaung that of
glomerular After mtr ! il n man 1
naddy distnbuted mnto pleural and asatic fluds whereas anly traces are
found 1n the pentoneal and cerebrospinal flusds Yn general the drug 1s not
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frequent esiumations of renal funcion and mtrogen retention are necessary
When these precauttons ate observed bacstracin can be both valuable asd
tfesaving A pood therapeutic result can be anticspated sf the organssms sso-
lated are sensitive m vitro to less than 1 umt/m}

A number of cases of staphylococcal endocarditis have been treated success
fully by Volm and hadison ® and Fredberg and Bader* These authors
usuaily used the drug m comb with other antst and reported cures
m some patients The best chance for cure was related to early treatment and
the ad of multiple anht m dosage

osTEOMYELITIS Meleney et al ¥ 1 a coordimated study seported successful
results m a few patients with both acute and chrome osteomyelitss teeated
with bacitracin Wiile some of these patients received bacitracn only othess
had fased to respond to other antibacteral agents In general the results sn
early osteomyeltis were better than those obtained i the more chronc cases
In chrome osteomyehtis the best results were obtaned when the drug was

both ly and by mto the wound
Chemotherapy i osteomyelitis shauld be ntegrated with surgical proce
dures and since the of b resistant ! 15 eur

rently low indications for the use of this drug may be more frequent Bacitracin
therapy may prove 1o be extremely valuable m chrome osteomyeliss caused
by penuciliin resistant strams  particulazly as a second drug along with other
active ones

MENINGITIS AND INTRACRANIAL INFECTIONS Five of 6 patients with staphy
{ococeal menungitis who had Fasted to respond to other antibiotic therapy were
reported  © to be cured with bacitracin These patsents were treated by both
the and the routes  Trestment consisted of the
mtrathecal mjectan of F000 to 20 000 units and the intramuscular mjection
of 40000 to 80 000 umits of bactracin daily The drug was reparted to be
well tolerated

SURGICAL INFECTIONS Melency et al % in a review of 270 cases largely
surgteal infections for which ¢ was ad d ntr larl,
enumerated 62 pure or mixed staphylococeal mfections Of these 62 bac
tracin therapy had no effect 1 11 In the great majonty of all mfections
bacitracin gave good to exceflent therapeatic results These anthors also used
bacrtracin topically in the form of an owtment or solution s 100 cases of
superficral surgical infections and obtamed excellent 10 good results s 85

Pulasks and Connell” reported treatment of 26 patients with a vanety of
Pyogemic nfections with bacstracin The drug was vsed m dosages of 40 000
to 106 000 units daily P and some
gram negative sods were isolated from these cases of cellulitis abscesses and

wnfected wounds The chmcal response was good m 16 cases whale 1n 7 there
was no effect
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STAPHYLOCOCCAL BACTEREMIA Meleney et al'® reported treatment of 3
cases of staphylococcal bacteremia with bacitracin The first 2 patients were
children and both had b: with acute osteomyelitss of the femur The
first of these receved large dosages of perucillin later combined with sulfa
diazine without improvement On the fourth day when the causative organ
1sm was identified sulfad was d d and bacitracin started at a
dosage of 20 umts/kg (5250 untts) every six hours The next day this
dosage was doubled and the signs and symptoms rapidly subsided A shght
nise in nonprotemn mitrogen was observed which fell to normal dunng the
treatment pertod There was evidence that perucilin and bacitracin acted
synergistically 1 this case

The second patient 10 years of age first recenved pemicillin (100 000 units
every three hours) and sulfadiazine (05 Gm every four hours) for four
days without benefit During this time there had been a slow but progressive
development of a mass i the popliteal space and the blood cuiture revealed
a hemolytic Staph aureus which was resistant to pemcillin but susceptible
to bacitracin T was then ch: d tot and there was a rapid
symptomatic improvement The popliteal mass decreased 1n size without sur
gical drainage and roentgenographic studies showed evidence of gradual heal
ng

The third patient was an mfant 6 weeks of age with staphylococcal bac
teremia and meningitis with metastases 1n the lungs and subcutaneous tissues
Both perucillin and streptomycin had been given without any appreciable
effect These drugs were given intrathecally also and later chlortetracychne
was used but failed to control the inf B was then d
The dosage used was 400 umts/Kg of body weight every six hours mtra
muscularly The drug was given intrathecally also (500 units twice daily) and
was mstilled by means of a catheter 1nto an abscess of the face The response
was dramatic and the patient recovered completely The duration of bacitracin
therapy was 15 days and dunng the first eight days the drug also was
gnven mtraspinally Pemcillin was used as well during the entire treatment
period Since the advent of erythromycin and the more recent antistaphylo
coccal antibrotics bacitracin has been used n Staphylococcus bacteremtas
prmarily as a second drug to increase the bacterrcidal action or to prevent
the raptd development of resistance It 1s rarely used as the sole antibiotic m
these or other serious wnfections It 1s however used for local mstillation into
focal suppurative lesions

STAPHYLOCOCCAL ENDOCARDITIS Stnce bacitracin 1s predommantly bactert

cidal 1t would appear to be well sutted for therapy 1n bactenal endocarditis
In the presence of renal damage such as focal embolic glomerular nephritis
which usually accompantes this disease 1ts nephrotoxicity would be more

d Thus when bacit 1s used 1n the treatment of endocarditis

P
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Bacitracin was employed preoperatively by Turner ct al 7 i 70 patients
who underwent vagmal hysterectomy There was a striking reduction 1n the
number of gram positive cocc1 diphtheroids and Jactobacilli 1n the vagnal
flora after the use of vaginal suppositories contaiming 10 000 umts of bacitra
cin Postoperative morbidity was markedly reduced 1n the bacitracin treated
group as compared with controls No untoward effects were encountered

PREO! ERATIVF PREPARATION OF THE BOWEL Since bacitracin has a narrow
anttbacterial spectrum and suppresses only the gram positive orgamisms of
the 1ntestinal flora after oral admimstration 1t should not be used alone for
preoperative preparation of the large bowel Welch et al ® found that a com
bination of 5000 units of bacitracin 200 000 umits of polymyxin B and 250
mg of streptomycin taken orally four times daily resulted i virtual eltmina
tion of coliform bactenta and fecal streptococct A combination of 3 Gm of
neomycin and 3 Gm of b daily was ad by Munthe Fog'®
for three or four days to 32 patients In more than 80 per cent of these cases
the testinal flora was entirely suppressed except for yeast and Bacteroudes
Lower dosages of these combined drugs were not so effective Poorly absorbed
drugs such as bacitracin streptomyemn polymyxin and neomyein should be
1deally swited for preoperative preparation of the bowel parncularly since
they can be ad m highly b d:

Bacitracin may also be useful in staphylococcal enterocoliis which may
develop dunng treatment wiath broad spectrum antibiotics It 1s helpful 1o
preventing symptoms of this disease 1f given when an overgrowth of staphy
lococet 1s noted 1n the feces

In summary bacitracin 1s a bactenicadal antibiotic frequently found to be
effective 1n the treatment of penicillin resistant and tetracycline resistant
staphylococct Nephrotouicity can be kept to a minimum 1f the intramuscular
dosage does not excced 80 000 to 100000 umts daily given 1n doses of
20 000 to 25 000 units every six hours Hypersensitivity to bacitracin 1s €x
tremely rare either as a prumary form or as a result of treatment This drug
acts n the presence of blood pus and necrotic tissue and has proved effective
when mjected locally into staphylococcal lesions or joints Bacitracin has been
dem d to have action against certain organisms
when used together with pemcilin or erythromycin and should therefore be
combined with these drugs in the treatment of mixed nfections when senst
tivity tests so indicate
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Current Status of Erythromycin and
Chapter 1T
Monopiopionyl Erythromyem

Joseph B Geraaa
Section of Medieme Mayo Climic and Mavo Foundation Rochester Minn

Erythromycn was 1mtroduced 1n 1952 7 Since then it has had extensive
laboratory and chinical investigation Subsequently two detailed reviews of
mformation about 1t have appeared 5 17 The present discussion summarizes
current knowledge of erythromycin and presents some data on 2 new mono
propronyl ester of erythromycin (Ilosone*)

CHARACTERISTICS AND ACTION

Erythromycin  derived from Streptomyces erythreus 7 1s effective agamnst
certain microorganisms 3 18 It 15 a basic substance poorly soluble 1n water
but very stable The chemical structure apparently 18 that of a polyhydroxy

1 having the molecular formula of CiHe/NO)53% Erythromyen
15 more active 1n an alkaline medium some tenfold increase m actvity oceur
ning per umit increase of pH 18 Its activity 1s apparently not affected by a wide
vartety of agents including serum  that interfere with the action of pemcillin
and streptomycin 1* 18

The antibacterial of erytt Wthh that of pent
clln covers many gram positive ) How
ever although erythromycin is effective agamst some g£ram negative organisms
such as Netssena and Hemophulus 1t 15 of tle value agunst other gram
negative bactena Its chief value has been agamst infections caused by
staphylococe that are resistant to other more commonly used antibiotics such

The trade name of El Lilly & Co for erythromysi propionate 1s Ilo one It was
placed on the market 1 October 1958
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COMBINED USE OF FRYTHROMYCIN AND OTHER ANTIBIOTICS

hined

The 1n vitro data on action lving er:
may be summanzed as follows Only rarely does erythmmycm enter mm
with or
However 1t does combine with s(reptcmycm and bacitracin to give bactencx
dal effects on a2 number of stramns of staphylococct 2 Organtsms extremely
resistant to streptomycin were not kiled by the erythromycin streptomyein
mixture However the of eryth and b was not
5o bmited 1n effect and was often bactericidal for staphylococer intensely
resistant to pemcihin and streptomycin 3 The behavior of erythromyein
with the b dal agents 1s dictable ® and seems !o
depend to some extent on the y of the test to the
agent However the only way to find out whether erythromycin will enter wto
synergistic combmnation wath another antibiotic agent 1s to determine the bac
teneadal activity of the combsnation m vitro® or to make the bactencidal test
with serum obtained from a patient being actwely treated with the combined
agents 7
The last mentioned test gave the following results 1 16 patients treated with
cry\hromycm n combination with another antibiotic for moderately severe
f caused by p llin resistant 8 leh four
strams Ilin and eryt] duced no greater b 1 effect
than did pemucillin alone 1ndeed n one test the combination gave no total
bactencidal effect whereas pemcilltn alone gave a total bactenrcidal effect 1n
a serum dilution of 1 2 Ery and b gave a bac
tencidal effect 1n three of six strains of staphylococer Erythromycmn or bact
tracin alone gave no total bactericidal effect but the combination gave such
an effect 1 a serum dilotion of 1 4 or greater With three strains mneither
erythromycmn nor bacitracin alone nor the combination gave any total bac
tencidal effect and apparently bacitracin did not enhance the effect of erythro
mycin The b of er and gave enh d
bau:ncndal effect with one strain but not with two olhexs With two strams
h and p 1 had no total bactenicidal effect alone or
m combination In one mstance the combination of erythromycin and novo-
biocin gave dal effects In all the serum of these

16 patients gave no total bactericidal effect when tested with erythromycin
alone ®

DOSAGE

Erythromyein 1s usually ad: d erally 1n a dosage of 400 to 500 mg
every six hours It can also be gwven intravenously ntramuscularly by
aerosol > 3 or by mstillation mto the pleural cavity ¢ A dosage as high as
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as peruailiin tetracvehine and streptomycin Clhmcalfy erythromycn s pre
dominantly bactenostatic but at times 1t may be bactencidal With the usual
oral dosage of 400 or 500 mg every sit hours the patients serum achieves
only a bactenostatic effect n tests agamst most strans of staphylococer 3¢
Whether erythromycin 1s bactenaidal or bacteniostatic 1 vitro apparently
depends on the sensitivity of the orgamssm the concentration of the antibiotic
and the matunty of the culture * The antibiotic 15 active aganst rapudly
multiplymg orgamsms but has httle effect on mature cultures ¥ For some
orgamsms such as Corynebacterium diphtheriae Hemophilus pertussis and
a few strains of staphylococer 1t may be bactencidal but with most strams of

phylococer and nonhemolynie strep st 1s merely bactenostatic ° In
general s kalling effect 1s not rapid and 1s quite variable 18

Petersdorf and colleagnes® found that the bactencrdal erd pownt (mummal
bactencidal concentration) for staphylococe: that vere sensine to erythro
mycmn was umformly high For only a few of the many strains of staphylococci
that they tested was the bactencidal end poimt the same as or close to the
bactenostatsc end point (about 11 10)

DEVELOPMENT OF RESISTANT STRAINS OF BACTERIA

Frythromycin shows no cross resistance with the other more commonly
used antibiotics 2% However with erythromycin iike antibiotics there 1s 2 var
able cross resistance ® ! 3 For orgamsms isolated from chmeal materal
there 1s almost plete crass with cachomycin Partial and vanable
cross resistance occurs with oleandomycin and sprramycm For orgamsms
rendered resistant i the laboratory there ts almost complete cross resistance
among alt of these agents ¢ @ 3 Chnical 1s0lates of staphylococer resistant to
erythromycin show variable cross resistance with oleandomycin some 30 to
80 per cent of the stramns being sensiive to ofeandomyein  The reasons for
these differences in Cross resistance between organisms 1olated from chimeat
matenal and those made resistant i vitro are not known

When ervthromycin was first duced no stramns of staphyl were
teststant to 1t Alfter 1ts use for twa years at one wmsttution the modence of
resistant strams was 10 per cent ° and now four years later 1t 1s about 30
per cent 3 Apparently the maidence 1s related to the extent to which the
antibiotic 15 used

Orgamsms may rapidly develop resistance to ervthromyewn in vavo * 2 even
as early as 48 10 72 hours after therapy h1s been started ** Inasmuch as the
emergence of ervthromyam resistant orgamsms may be delayed and depressed
with t of 1t has been suggested that er be
gven mn with other for the control of staphylocaceal

mfections 4

3
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TABLE I

Serum Levels of Erythromycln (sg /mi} after Four Oral Doses
ot Erythromycla Base and Four of Ester of

Propronyl Erythromyn
Subject &rythromyain base
Propiony! Erythromycin Given First
1 s &
2z 20 7
3 80 1
4% 71 &
5 &7 4
6 63 3
7 61 1.2
8 59 3
9 51 L3
1] 46 2
Erythromyein Base Given First

11 39 22
12 68 B2
13 67 69
14¢ 64 ]
151 59 4
161 53 3
17 48 2
1131 45 2
19 24 L3

M
S
3
3
v

FETS

woa

Average 611
Range Qstoirs 08to8 s

Midmght dose of antibiotic taken after lght hospral snack but 6 &M dose taken
o5 emply stomach

1 Both mudnight and 6 a M doses taken with foed

4 Difference between mean fevels 1 16 {6 1 ~ 4 5) and standard esror of difference
i3 075 ywlding 1= 21 Difference 15 ygmficant at Jevel of 005

actual therapy of mnfections for a penod of five to seven days average levels
of 64 g /ml of serum were ohtained from day to day when multiple assays
were performed In one mstance the serum Jevel went as high as 16 ag /mi
Since staphylococer seasitive to erythromyem are usually wohibited by less
than 1 gg /md 2t appears that effective serum Jevels are obtamed with the
propioayl ester

None of the 3 patients given multiple doses of S00 mg of the ester had
gastrointestinal distress In the crossover studies with 20 normal subjects given
only four doses of 500 mg each approximately half the subjects had mild
pastrointestinal distress with ether erythromyan preparation These symptoms
consisted of epigastnie achmng or burting or grawing hunger sensations
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1 Gm every three hours can be given by vein for a total dadly dosage of
8 Gm with mimmal adverse side effects ¥ This may enable one to achieve
cures that otherwise mght not be possible with oral therapy alone Informa
tion 15 given elsewhere® ¥ on the serum levels of erythromycm that are ob
tamned with the various dosages employed for parenteral admumistratsos Gnly
rarely do we now perform setum assays at the Mayo Climic for erythromycn
In senous staphylococeal mfechons when erythromyein may be employed in
combmnation with another antibiotic we perform a serum bactericdal test
utdzing the patients orgasusm to check on the efficacy of the treatment
program ¥

MONOGPROPIONYL ERYTHROMYCIN

Recently the monopropionyl ester of erythromyein has become avmslable
for study It has been stated that the antihiotic content of the serum 18 about
twice as high when multiple doses of this agent arc used as when entenc
coated erythromycin base 1s used! and that the antibactenal effect of the
serum 1s greater when the ester s used ! 2

Crossover studies employang four doses each of the monopropionyl denva
tive 1t gelatin capsules and the commercially avardable enfenc coated erythro
mycin base m tablets were carrsed out i 20 healthy young men Al 20
subjects had not taken any antibtoucs previously All had normal renaf func
tion They were placed in two groups of 10 each One group was given the
tablets of erythromycm base and the other the capsules of erythromyem ester
1n a dosage of SO0 mg every six hours at 12 noon 6 P M 12 mdmight and
& A M A blood sample was drawn at 8 A M two hours after the last of the
four doses Thirty hours later the procedure was repeated with the groups
reversed In almost all mstances the midmght and 6 A M doses were taken on
an empty stomach except as indicated m table I The serum samples were
stored 1n the frozen state untit all had been collected The assays for erythro
mycin were carried out by F D Heilman and lus assistants by the cup plate
method using Sarcina lutea as the test organism ?

The average Jevel obtamed two hours after the last dose was 45 pg /mi
of serum for the erythromycts hase and 5 6 ug /mi for the propionyl denva
tive {table I) In about a thard of the subjects the levels of proprony! erythro
mycin were approximately double or more than dauble those of the erythro
mycmn base ‘The antibacterial effects of the serum were not determined n this
senes as was dote by Gaffith! and by Xumn and colleagues 2

Inasmuch as the propromyl ester gues hugher serum levels and greater
anubacteral effiect than does the erythromyein base m the entenc-coated
tablets the propionyl ester swilt probably replace the tablets cursently 1 use
In 3 petients gven the ester m a dosage of 500 mg every six hours i the
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18 required for staphylococeat infections such as wpper respiratory mfections
preumonta empyema and abscess formation afier surgical dranage smple
bacterernia without bacterial endocarditis ileocoltis or stmple infections of
the unnary tract esythromyan alone m full datly dosage or m combunationy
may be highly effective

Erythromycin m with streptomycn or b may be used
m the of )| P 1 endocarditis when the patient
1s allergic to pentcithn 3 Stmilarly m patients with preumococcal pneymonia
or with sore throst caused by @ hemolytic sireptococc: who cannot toke

p fhn 1t may be used 1y and 13 said to be only shightly less effectne
than p tha 15 The of sertous Staph fe such as
bacterial endocardstis requies & b dal effect 10

For h docards 4 and pyelone

phintis caused by otganisms sensttive to erythromyan this drug must be gven
m comination with another agent such as bacitracin or streptomyein m order
10 delay and suppress the emergence of resistant orgarssms and to attempt to
provide a bactencidal effact Whether or not the latter bas been achieved can
be d d by the serum dal test Hno b dal effect can be
achieved with the combination one should alter the treatment regimen and
use an that 15 ¢ t for the staphyl ] stram tavolved
such as vancomyein ® 0 Qecassonally if the Staphylococcns or another organ

10 15 markedly sensitive to etythromyein and only very small amounts are
requred to kil the orgamsm oune may use erythromyen alone to obtam a

cure as was obtasied by Davis and R. ky? in a case of endo-
carditis Except in rare snstances erythromycmn should not be used alone or
even {or the of staph i 1 which
can gow be treated effectively with if the s p i
esistant

The 1deat aptstaphylococeal antibiotie should kave the following properties
1 should be bactencidal 1n smalt amounts 1t should not cause writation when
given by mouth or reactions when given patenterally st shosld be nontoxic
@ any of the body systems and 1t should have good penctrative power and
should mduce httle or Ao resutance i the orgamisms exposed to it On the
bass of these catena then erythromytm 1s not the ideal antistaphylococesl
agent Nevertheless st continues to be a useful antibsotse for infections with
staphylococer that are sensitive to its action

ADVANTAGES AND DISADVANTAGES OF ERYTHROMYCIN THERAPY

Advantages of erythromyan® are as follows (1) 1t has a fanly wide
antibactesial spectrum especally for gram postive orgamsas {2) there 1s
abses ¢ of cross resistance with other antibiotics except for the other Jess
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gaseousness bloating or fullness some looseness of the stools or nausea One
normal subject had some lower abdommat ctamping with diarthea after the
fourth dose of the propionyl ester but was able to continue with the study
Two other subjects had to discontinue taking the ester after the second and
third doses respectively because of nausea vomtting, and diarrhea m 1 and
nausea vomiting and substernal pam apparently from esophageal spasm m
the ulher thcy had to be excluded i the crossover studies In the treatment
of staphyl with erythromy I have always started with
an oral dosage of 500 mg every six hours and then have reduced the dosage
to 400 or 300 mg everv 6 hours if any gastromtestina) distress has ocenrred
If the oral dosage of erythromycin needs to be reduced to less than 400 mg,
then the drug should be given also mtramuscularly or ntravencusly to supple
ment oral therapy and to achieve effective serum Jevels

ABSORPTION AND TOXICITY OF ERYTHROMYCIN

Erythromyein 1s readily absorbed from the upper part of the gastrointestnal
tract It diffuses freely mmo the various body tssues and cavities' and across
the mucous membmnes of the tracheobronchual tree * However 1t does not
cross 1mto the cerebrospinal fluid ¢ Wath the usual oral
dosages of erythromycm only amounts that are bacteriostatic for staphylo
cocer are found in the serum ussues and body cavities Intravenous mjection
of 05 to 1 Gm rapidly for a § to {0 minute period at mtervab of three to
four hours may give extremely high serum Jevels and produce a bactencidal
effect

Erythromycin s relatnely nontoxsc Multple oral dosages of 500 mg
every six hours frequently cause gastromtesuinal 1rmtation and distress while
oral dosages of 300 to 400 mg every six hours seldom do Very hittle other
tonacity has been noted with erythromyon My colleagnes and T bave not seen
any skin reactions drug fever or other alfergic mamfestations or other et
dence of toxicity However urticana 15 said to occur rarely 37 Even with large
dosages given intravenously such as 1 Gm every three to four hours few
adverse effects have been noted

INDICATIONS FOR ERYTHROMYCIN THERAPY

Erythromyein 15 of value for mild or moderately severe infections caused
by staphylococet sensitive to its action but resistant to other annbmtxcs l: 5
of little or no value when used alone for g

effect such as endocarditis and p
Ta these mfections 1t should not be uscd alone unless 1t can be dcmonsl:ated

that such use will give a bactenicidal effect When only a bactenostatic effect

h
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il erytt like such as carbomy spiramycn, and
oleandomycin, (3) 1t can be taken orally and 1s fairly well tolerated, when
supplemented by parenteral administration particularly intravenous admms
tration high serum {evels can be achieved, when given 1n combimation with
bacitracin  streptomycm, or another bactemcidal agent enhanced or syner
gistic bactenicidal effects can be obtamed with many strans of staphylococa
(4) 1t has Dittle toxicity and (5) 1t changes only shightly the flora of the
gastrointestmal tract so that supennfection with Candida and Sraphyfococens
does not occur

The chief disadvantage of erythromycin s that 3t 1s not bactencrdal i small
amounts In most instances bactericidal levels i the serum cannot be attained
for most stramns of staphylococer with oral dosage alone In addinon 1t roust
be given in combination with another antibiotic 1m an attempt to delay and
suppress the emergence of resistant orgamsms Finally when muluple oral
doses of 05 Gm are given for a long period sigmficant numbers of patients
have gastromntestinal symptoms

The 1deal antistaphylococcal agent has not appeared at the time of this
wnting However with the introduction of the newer bactericidal anustaphy
lococeal agents such as vancomycin ristocetin and kanamycin which require
parenteral adminstration the ability to handie infections caused by staphylo-
coces resistant to pemcihin and the more commonly used antibiotics seems to
be considerably :mproved The relative position and effectiveness of erythro
myon 1n the imp list of phvl | agents now available to the
chmician remain to be ascertamed
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Oleandomycin—Its Dernvatives and
Chapter 111 | Combinations—in the Treatment
of Staphylococcal Infections

E L Foltz
Assistant Professor of Medime The School of Medicine
Umwversity of Pennsylvama Philadelphia Pa

The search for an antimcrobial agent effective against staphylococer has
been spurred on by the ability of this organism to emerge resistant to every
antibiotic substance that has proved useful The d of
oleandomycin m 1954 provided the climcian with an mntermedrate spectrum
antibiotic that was effective agamst the staphylococc: as well as most gram
postiive orgamssms and a few gram negative bactena Since the first report of
1ts charactenstics 1t has been used widely m many different infectious diseases

the salts and esters of oleandomycin have been produced and emp! m the
management of staphylococcal disease The development of chemucal and
physical b with other has led also to a clhinical trial of

these agents m the management of staphylococeal disease

Oleandomycin (Matromycin and Romucil*) was first desenbed by Sobm
et al'* and designated PA 105 This basic antibiotic material was found to be
elaborated by a stramn of Streptomycey antibioticus when grown under suitable
aerobic conditions 1n orgamic media The matenal was recovered and punfied
thraugh a series of steps including filtration and extraction of the filtrate with
vanous organic solvents under suitable pH conditions the compound was
recovered as the crystalline hydrated hydrochlonde of oleandomycin

Oleandomycin was found to be effective by 1n vitro tests against the gram
positive such as hyl P the
spore formung bacilli the anaerobic clostndia Listerra and Envsipelothrix a

The trade name of Chas Pfizer & Co for oleandomycin 5 Matromyen of Hoft
mann LaRoche 15 Romuail
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PHYSICAL AND CHEMICAL CHARACTERISTICS OF OLEANDOMYCIN
AND 1T5 DERIVATIVES

Ongmally domycmn was obtamed as the hydrated crystalline hydro
chlonde salt Oleandomycin was shown to be a weak base with a chemical
formula of C; HeNO, This compound consisted of two sugars L oleandrose

and d bound m glycostdic inkage to a large complex lactone
nucleus which was d an d Oleand; was theref
classified as a member of the de group of [

appears as a colorless prism

Melting Point The melting pomnt of the various derivatives of oleandomyein
and the base itself are shown m table I The base shows the lowest melting
pomt at 110 C with higher values noted for each of the salts or denvatives
Tuacetyloleandomycin has one of the lighest melting pomts (176 C ) of any
of the denvatives described to the present time

Optical Actnity The optical rotatory effects in methanol have been de
scribed as levorotatory for all of the salts and denvatives of oleandomycn as
well as the base with the P of the p salt of oleand Thts
matenial has been shown to be dextrorotatory Positive rotatory dispersion
Cotton effect has permutted the detection of an acyl substituent on the olean
dolide morety when studied at 325 mpu *

Solubtlity The solubihity of the original oleandomycin hydrochlonde was
found to be greater than 100 Gm /100 ml of water Oleandomycin base has a
much lower degree of solubility—0 5 Gm /100 ml of water Oleandomycin 1s
relatively highly soluble m alkaline aqueous solutions which differentiated
this material from carbomyein and erythromycin The base was also shown to
be quite soluble 10 organic solvent solutions

T 15 relatively 1 m water (less than 01 Gm /
100 ml of water) It was also noted to be relatively msoluble 1 buffered
aqueous solutions with a pH range of 4 to 7 Oleandopen shows a solubihty
0f05 Gm /100 ml of water under the usual laboratory conditrons but mau

mum sok y bas been bed at app 15 Gm /100 m! of
water

Stabihey A relatively high degree of stability has been ascribed to the
oleandomycn salts 5 The ongmnal hydrated hydrochloride could be rendered
as an anhydrous hydrochlonide by drymg for 18 hours at 100 C m vacuo no
loss m antibiotic activity was noted after such treatment No loss of antrm
crobial activity was described when 01 per cent aqueous soluttons of the
hydrochlonde were permutted to stand 24 hours at room temperature m
buffered solutions at pH 22 5 7 and 9 Sous and co workerst?? subjected
solutions contaiming 100 ug /ml to temp of 120 C by laving for
30 munutes they noted an approumate reduction of 80 per cent 1n antim
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few gram negative organisms including strains of Nersserta Hemophilus and
Brucella were also found to be susceptible to sts action Certain mycobactena
rickettsiae and larger viruses have been considered to be mhbited by uts
action It was found to be meffective agatnst most of the enteric bactena ex
cept 1n extremely lagh concentrations which were not obtamable m wive
except 1 the urine Its bacterial spectrum was closely comparable therefore
to that described in previous years for erythromycmn

Dunng the course of the next two years (1954-1956), a few papers ap-
peared describmg the antimicrobral activity as well as some prelmnary chmcal
trials Before clinical evaluation had reached the point where effectiveness
could be estabhished a major controversy arose when the chnical use of this
drug 1n combination with tetracycline was recommended on the basis of m
vitro studies that suggested an enhanced antibacterial actruty of these agents

In 1956 oleandopen the oleandomycm salt of pemcilln G was introduced
The bral action of oleandopen and 1ts phar 1ch 18Hes
were published by Hobby and her co workers % The climcal results after
oleandopen therapy m 7 patients were also described 198 but there have been
no additional reports of its chinical effectiveness and the studies on the salt
have not been pursued

In 1957 Celmer et al ® d the prep of several oleand
derivatives These denvatives were obtamed as part of an 1ntentional study
aimed at improving the chemical pharmaceutical and therapeutic effectiveness
of oleandomycin One of these demvatives tmacetyloleandomycin (Cycla
mycn Tao*) was found to gtve supertor pharmacological results as noted
by higher serum concentrations and lower ED , when compared with oleando-
mycin and other mntermediate spectrum antibiotics Several papers have
appeared since 1ts mtroduction which have described 1ts clinreal and bacterio-
logical activity

In 1958 all of the theoretically possible partially acetylated denvatives
as well as the homologous tripropionyl and tributyryl denivatives of oleando
mycin were described by Celmer and Hochstein ¢ The higher serum concen
trations mnoted for tracetyloleandomyein were shared by 1 monoacetyl
1 2-dhacetyl 13 diacetyl and tripropiony! oleandomyein  Chnical trmals
have not been reported for these agents

O!candamycm and more recently trniacetylol, provide

pons 1n the fight against infections due to

staphylococct as well as other orgamsms It 1s rmportant to review the cvxdence
of the effectiveness of these agents by d the ct 1 1al
and pharmacological properties as well as the chinical results these facets wall
be considered separately 1n this review

13 C of

% The trade name of Wyeth L:
I B Roeng & Co Duvision Chas Pfizer & Ca 13 Tao
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TABLE 1L
Papergram Mgrations
R Ro*

Oleandomycin 050 04
Oleandomycm hydrochloride 050 04
Oleandomycin phosphate 00 04
Oleandomycin chlorohydrin

hydrochlonde 050
Triacetyloleandomycin 095

distance of spot from origin
RO = G oot to end of peper 10 Jopment
RO = Fifunce from onigin to end of paper (0 10U development)

crobial activity These workers also ated a loss of
potency of approxumately 20 per cent when a similar solution was exposed at
pH 2 for five hours relatively high stability was noted for oleandomycim at
pHY

Tnacetyloleandomycin 1» relatively stable aqueous solutions (50 mg /ml at
PH 2 5) were kept at temperatures of 25 and 37 C wath no loss of potency or
change 1 ch 1 p Similar of domycin )
showed no appreciable change at 25 C  but a 25 per cent loss of antimicrobral
potency was noted when the solution was kept at a temperature of 37 C *
A solutton of oleandomycin at pH 9 0 lost approximately 50 per cent of its
potency after three weeks at 25 C  a sumilar solution of 3 monoacetyloleando
mycm showed less than a 10 per cent loss of anttmicrobial potency under
similar Oleand h drin } 1de 1s a rel 1

Y
unstable compound and tends to revert to oleandomycm The chloroform
solvate of oleandomyein base has been shown to be relatively stable the
chermical of a 'y sample has constant over a
pertod of two years
Chromatographic Properties Oleandomycin 1s distinct and different from
h h graphically Papergram have permutted the
of several y pounds samples of oleand
and tricetyloleandomycin when applied to filter paper strps previously 1m
pregnated with formamide and utihzing a benzene system were separated
after 16 hours of development The R, values are listed m table II A mmor
antibiotic component that had been noted tn fermentation broths and subse
quent recoveries was found to have the same papergram migration as clean
domycin chlorohydrate
Countercurrent distnbution studies were performed 3 utthzing the system of

Pettinga  distribution coefficients (23 ) were obtamed for oleandomyein

(h=05) oleandomycin chlorohydem (K = 23) and the minor antibiotic
component (k =2 3)

er
duffe
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TABLE 11
Papergram Migrations
R Ro*

Oleandomycin 050 04
Qleandomycin hydrochloride 050 04
Qleandomycin phosphate 050 04
Oleandomycn chlorohydnn

bydrochloride 050
Triacetyloleandomycn 095

distance of spot from onigin

*Ro=
Grstance from ongin 1o ead of paper

(16 hours development)

crobsal actvity These workers also d a loss of 1
potency of approumately 20 per cent when a stmular solution was exposed at
pH 2 for five hours relatively high stability was noted for oleandomycin at
pHY

T 1 domycin 1s stable aqueous solutions (50 mg /ml at
pH 2 5) were kept at temperatures of 25 and 37 C with no loss of potency or
change 1n chi 1 1on Simlar of ol hosph:

showed no appreciable change at 25 C  but a 25 per cent loss of antimicrobral
potency was noted when the solution was kept at a temperature of 37 C ¢
A solution of oleandomycin at pH 9 0 lost approximately 50 per cent of 1its
potency after three weeks at 25 C  a similar solution of 3 monoacetyloleando
mycin showed less than a 10 per cent loss of antimicrobial potency under
simiar Oleand h dnin hydrochlonde 15 a
unstable compound and tends to revert to oleandomycm The chloroform
solvate of oleandomycin base has been shown to be relatiely stable the
chemical p of a lab y sample has constant over a
peniod of two years
Chromatographic Properties Oleandomyemn 1s distinct and different from
eryth Pap have p d the
duffe of several oleand pounds samples of oleand
and tnacetyloleandomycin when applied to filter paper stnps previously 1m
pregnated with formamde and uvtilizing a benzene system were separated
after 16 hours of development The R, values are histed i table IT A munor
antibiotic component that had been noted 1n fermentation broths and subse
quent recoventes was found to have the same papergram migration as olean
domycmn chlorohydrate

Countercurrent distribution studies were performed  uttlizing the system of
Pettinga  distribution coefficients (23 ) were obtamned for oleandomycin

{K=05) oleandomycin chlorohydrn (k=2 3) and the mmor antibrotic
component (k = 23)




44 ANTIBIOTICS MONOGRAPHS { 12

Olewnanitae
L-Oesndrs o Reastive & ovps
'259 Fig t Oleandomycn
o moteties  Reproduced
ocmy Y n(cmy), with permission from
3, LIy Celmer et al At
oF

VAN / N\ broties Annual 1937~
Fo.c2 o] Py— wo.cy cae 1958 New York Med
l l / l 1cal Fneyclopedia
o233, Cx 3 208y Jnc 1958 p 477
\° Ve 4 o el \o yd
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Potentiometry Oleandomycin was ongmally descnibed as a relatively weak
base a 1 1 ethanol water solution on potentiometnic titratton resulted m a
pKavalueof 8 5 A similar value was ob d for oleand hiorohy
under similar cond Tr loteands was found to be less basic
with a pha value of 6 6 this decrease 1n basic properties has been ascribed to
the substitution of hydroxyl substituents on the desosamine moiety ** Sumilar
lowening of basicity has been noted for the dernvatives 1 monoacetyl 12
diacetyl 13 diacetvi and tripropionyl oleandomycn which also contain an
acyl substituent on the desosamine moety

Chermucal Structure Ongmal studies with PA 105 suggested an empingcal
formula approximating Ca7He;NO,;2 HCL Subseq studies of oleandomy
samples suggested a composition for the base of CysHer-eaNO, The presently
accepted structural findmgs have resulted mn a speafic formulation of
C3sHaNO;  This compound was shown to consist of two sugars L oleandrose
and desosamine  which were bound 1 a glycosidic linkage to an oleandolide

nuclens (fig 1) degrad which d yed the lactone or sugar
lIinkages were accomparied by a loss m antit al activity An antib I
active denvative oleand lorohydnin hydrochlonde resulted from
the addition of two equival of anhyd hydrogen chlonde to an ethylace
tate solution of oleandomyein

Traacetyloleand was prepared by ylation of the hydroxyl

p
groups of which there 15 onen cach of the three chemical moteties of oleando
mycm Because of the difference 1n reaction rates at the different sutes of
agylation the pattial acetyl esters could be formed mitially on the desosamine
mouety {1 monoacetyl-oleandomyetn) and second on the Lrofeandrose morety
{1 2-diacety} oleandomyein)

In 1958 Celmer and Hochsten ¢ desenbed all the theoretically possible

partually acetylated denvatives as well as the homologous tripropiony! and
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tnbutyryl denvatives of oleandomycin Interesting correlations among these
compounds were noted Tnacetyloleandomycmn as well as 1 monoacetyl
12-chacetyl 13 diacetyl and tnpropronyl-oleandomycin were noted to g;ve
higher serum when ad d orally tributyr
mycin was a notable exception m this charactenisuc Al of these compounds
contam an acyl substituent on the desosamine mowety which lowers the
basicity The denvatives that contan an acyl substituent on the oleandrose
motety exhibited lower 1n witro activity however 1 vivo effects did not
suggest that these compounds were less acuve +

by or } was 1esp for e
moval of the acetyl gmups n the same order as they were introduced By
using methanolysis under atkahne catalysis the deacetylation sequence fol

lowed the pattern of Lol before the d the third acetyl

on the ol de was ly difficult to remove by

chermical means and formed a very stable compound as well as retaming high
biological potency

El analysis of d 1n 1nd: d the ch 1 formula to be

as previously descnbed C; HyNO; the analytical data (carbon 6120
hydrogen 8 88 mitrogen 227 molecular weight 690) were found to com
pare closely with caleulated weight values (carbon 611 hydrogen 894
mitrogen 2 03 molecular wesght 688)

Infrared Absorption The infrared absorption spectra have been descrnibed
by Sobin et al'3® and by Celmer et al  When the spectra of these compounds
were determmed mn potassum bromude pellets they showed charactenstic
absorption peaks around 3 3 4 and 5 8 » with a band of absorption of 1rregu
lar intensity from 6 6 to 11 0 Triacetyloleandomycin did not show the char
actenstic absorption peak 1 the vicimty of 30 # and this 15 associated with
the lack of free hydroxyl groups The curves are reproduced 1n figures 2 and 3

Ultraviolet  Absorption O tn oleando
mycin salts and other of oleand: already d bed charac
tertstically exhibit a low 1ntensity ultraviolet absorption with a broad maximum
near 290 me EI” 051009

Like many other leand the abibty to bind
with serum protems and other biological flmds “Tius binding 15 apparently
teversible The protem binding effects are pimanly important 1n relation to

a reduction of the antimicrobial actvty This will be discussed m a later
section

ANTIMICROBIAL ACTIVITY

In Vitro Results ANTIBACTERIAL SPECTRUM The range of antibactenal
activity of oleandomyein was first deseribed by Sobim et al®s 1n 1954 they
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Fic 2 Upper curve PA 105 1n chloroform solution Lower curve P A 105 hydro
chlonide 1n a potasstum bromude pellet Reproduced with permussion from Sobin et al
Antibiotics Annual 1954-1955 New York Medical Encyclopedia Inc 1955 p 827

demonstrated that 1t was effective against many gram posttive species of bac
teria including 3] p ph the large aerobic
spore forming bacillk the anaerobic clostndia the corynebactenia Listeria
monocytogenes and Erysipelothrix rhusopathtae 1m additton gram pegative
organisms of the genera Hemophilus Brucella and Nesseria were found to
be nhibited by oleandomycin Some activity was also noted agamst certan
mycobactena The large majonty of gram negative orgamsms ncluding the
Enterobactertaceae were not affected by this antimicrobial agent

Since the mitial report other groups including Fust et al 3 Gaghardi®
Andneu et al 2 Haukenes and Tonder 7 Reedy and Shaffer ¢ Hobby et al
and Sous et al ¥ have contributed mformation as to the susceptibility of a
large number of organisms to oleandomycin nearly all the workets have sub
stantiated the ongnal findings of Sobin et al and have extended the obsena
tons 137 as to the insusceptibility of fung: to this anubiotic agent The ranges
of effective antibactertal concentrations found by the vanous groups for the
species tested are shown table 11T

Leming and Flamgan®? reported recently on a large survey of antimicrobial
activity by the disc plate method 1 their study oleandomycin discs of 15 ug
concentration were used to determine the susceptibiity of 1725 different
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Fi6 3 Infrared absorption spectra determined 1n potassium bromide pellets are shown
1 Oteand bas, base solvate 3

chloro
hydrn hyd 4 Spectrum mn solu
tion 18 also given § with from Celmer et
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al Antibiotics Annual 1957-1958 New York Medical Encyclopedia, Inc 1958 p 481
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TABLE I
I Vitro Susceptibility of
(obibitory Coneentrations Expressed
Sobun g1 a1 293 Fustetal® Andres etal?
No* Range No Range  Gaghardi®® No Range
M pyogenzs
il aureus 23 <019-312 44 <037-3C 019390 126 02->U0
A pyogenes
war albus 1 9 <625 078
§ lutes 1 0136
Mucrococcus species
Str pyogener A 1 078 24 <009-30 005-160 3 020-040

Str yagmesB
Str pyogenes C

Sir faecalis etc D 3 156 15 031248 10136 5 08031
Str wvindans 35 0156-125 025
Nonhemotyne
Streptococcus 17 <00%-25 1 02
G fetragens
D preumoniae 4 <019-156 8 <0045.30 001390 31<02
C diphtherae 1 156 1 023 005~ 56 1 04
L monocytogenes 1 078 078-312 3 3t
Ery rhusiopathige 4 <019-039 1 <019 01907
B subkhs ¥ 039 D917 1 98
8 anthracu 1 078 048 0750 1 08
B myemdes 1 156 156
Bacillus specres
Ci tetani i 625 150-625
Cl sporogenes H iR 150-3 312
C1 perfringens 1350-7 00
Myco phles 1 156 136
Myco smegmakis 1 156
Myco suberculosis
var Rorusis 2 >100 5000
Myco mberculom
var bos 1 125->100
Myco lubt!clllDSIS
N catarrhalis 1 32 250312 2 08
N memngifidis i 156 156-625
N gonorrhoeae 1312 36
B bronchoseptica 1 625 1500
B abortus 108
B mehtenny 1oos
H nfluen ae H 0078 ‘(’) 278—20 o
ertusns
§ o Weets 17

li cuplex
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TABLE II1

Microorgamsms to Oleandomycln
as Oleandomycin g /ml. of Nutaenf)

Haukenesand Tonder ?  Sousetal '  Reedyand Shaffer**  Hobbyetal &
No  Range No  Range No  Range No  Range
65 01650 10 078-625 10 0312125 26 0280225

2 3125
1 03
3 0076156 5 019-156 5 010312 1 007
11 031136 5 156312 4 039312 3 014-079
3 016-062 5 014225
1t 0718
3 <0076-039 4 019039 S 0039-0156 1 007
1 <0076 4 0024-0095 4 0078-0312
3 156
1 0045
6 009-039 10 039->100
1 >100
1 5100
2 >100
2 >100
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TABLE IIf

1n Vltro Susceptibility of
{Tohibitary Concentrations Expressed

Sobimn ¢t a} 1% Fustetal ®® Andrienetal®
No* Range No Range Gaghardi ¥ No Range
M pyogenes
var aureus 25 <019-312 44 <0330 019390 126 02->100
M pyogenes
var albus 1 g <0i56-25 078
§ lutea 3 0156
Micrococeus spet1es
Sir pyogenes A H D78 24 <009-30 005-360 3 020040
Str pyogenes B
S pyogenes C
Str faecalis ctc D 3 156 15 031248  10-156 5 080-31
Str wiridans 35 0136~125 025
Nonhemalytic
Streptocacour 17 <009-25% 102
G ftetragena
b preumonios 4 <019-156 & <0045-30 ©CO01-390 102
& dightheriae H 156 H 823 0051356 1 04
L monocytogenes 1 978 078-312 3 3
Ery rhusiopathge 4 <019-039 1 <09 01907
B subtls 1 038 033-17 1 08
B anthrace H o078 043 8750 1 08
B mycoides H 136 156
Bacillus speaies
Cl tetant 1 625 150625
Cl sporogenes 1 32 150-312
Cl perfringens 150-700
Myco phle: 1 136 156
Myco smegmafss 1 156
Myca wberculosis
var homu 2 >100 5000
Myco tuberculosis
var bo:u " 1 125->100
Myeo mberculosis
N}mmrrhalu H 312 2503 12 2 08
N memngitidis 1 156 156625
N gomorrhocae PR H 332625
B bronchoseptica 1 625 1500
B aboriur ¥ H 8 8
B meltensis 1 04
. nfluer ge ¥ 0078 g 078-200
11 pertusas nr 2

Koch 3 eeks
H cuples
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TABLE IIl {Continued)
Mrcroorganisms to Oleandomyein
a3 Oleandomyeln, pg./ml of Nutrient)

Haukenes and Tonder Sous ctal 7 Reedy and Shaffer *1* Hobby etal °
No Range No  Range No Range No Range
5 25 1 158
1 >100 10 >100
1 100 s >100 10 >100 1 158
9 >100
1 >100 5 >100
1 >100
7 >100 6 >100
1 275
1 225
5 >100 6 50-2>100
1 >100
1 >100
1 >100
1 >100
1 >100

312 pg /ml Jones and Fmland 7 1n a study of five new antibiotics tested 74
different strains of hemolytic streptococe other than those of Lancefield group
D the majonty of these isolates were susceptible 1o a concentration ranging
between 08 and 16 pg /ml of oleandomycin Groups B and C were appar
ently more susceptible than groups A and C Enterococes (group D strepto-
cocer) were considerably more resistant to the action of oleandomyem and
required 2 concentration between 63 and 125 pg /ml to 1nhubit 90 per cent
of 70 surains 50 tested These studies indicate the susceptibility of the majornity
of streptococer with a possible exception of the enterococer which require for

thib hat higher than those that can be readily
achieved n man by the usual dosages

ANTISTAPHYLOCOCCAL ACTIVITY Siive the introduction of this compound
for chnical use an increase 1 the morbudity of staphyl 1l i

has
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TABLE HI (Continuedy

Ia Vitro Susceptibility of
(lohititory Concentrations Expressed

Sob et al 19 Fustetal * Andneuetal®
Ne® Range No  Range  Gaghardi®® Ne Rarge
A pneumoniae 1 >100 2 >40 1 >
4 aerogenes 3 >100
E coh 1 >80 4 a0 2 >100
Proteus species 13 >40 }3 >100
£ vulgany i >100
P morgans
Ps asruginosa 1 >100 s >40
$ poratyphs 1 >100 >0
b uhamfmll!rt 1 >100 3
§ typhumurium 1000 1 >0
S typhosa 1 >100 1 >0
S entermdis >1000 1 >100
Sobmioneils spectes
Shigeila species 240
Sh' lesners t >
Sh sonne: 1 >0
Funpr
C albwans 1 >100 2 D40
T mentaprophytes >1000
Epiderm K W
Aspergllus parasites
Yeast

* No indicates numbes of orgamsms tested

gram positeve cocos they found that 90 7 per cent of these orgamsms were
susceptible to the oleandomycin m the discs They also presented data on 236
gram pegative organisms simalarly tested for susceptibihity to oleandomycin
Three per cent of these orgamsms were found to be sensitive 10 the ofeando
mycin contamed m the discs

Since the antibactenal actwity of oleandomyem 15 primanly agamst the
gram positive OrgamISMS 12 was natural that attestion would be focused on the
suscepubtity of streptococe: and staphyfecoce:

AcTiviTy AGAINST STREPTOCOCCT Garrod 38 n a study of etythromycin
Tike anubiotics histed siv strams of streptococat that were susceptible o 3
concentration of oleandomycin equal to or less than 025 pg /m! Trafton and
Land %1 10 2 study of oleandomycin in urinary teact infocuons histed 24 entero-
cocer of which 22 were susceptible to a concentration equal o or less than
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number of 1solates represented 1n these papers exceeds 3000 organisms The
percentage of susceptible stramns varies from a reported low of 31 per cent by
Wasbren and Strelitzer™ to a high of 100 per cent reported by Cimmino et
a1 An unweighted average for this series of reports gives 2 susceptibility rate
of approximately 85 per cent of the staphylococes tested Most of the papers
that reported the effectiveness of oleandomycin agawnst staphylococc: presented
data 1 such a fashion a5 to permt the selection of those orgamsms that were
ble to a of d of 31 pg or less per md of

nutnent media since such a concentration 1n serum can be achieved . vivo
thus figure of ptibility might be expected o late to some degree with
the chnical results

A few of these reports desenbed the use of selected staphylococcal isolates
English® showed 101 erythromyem resistant isolates in his study of cross
ressstance Garrod * was sinutarly interested 1 the problem of erythromycin
1esistance and selected 45 different strains of which the majority were
sensitive to a concentration of ervthromycin of 8 pg or greater per ml As
will be shown later such selections mght well have weighted the dara agamst
the effectiveness of oleandomvein since many strams resistant to erythramycin
have been shcwn to be resistant also to oleandomycm Hasenclever®® was prt
manly d in the of and an
tetracychine muxture 25 of the 37 1solates used m thrs study were selected on
the basis of being resistant to tetracychne at a concentration of 56 pg or
greater per ml while the remamng 12 were selected on the basis of beng
susceptible to 5 pg or less of tetracycline per mi of media The 65 orgamisms
reporied mn the study of Oswald and Welch'®s were selected from a group of
202 organisms on the basis that the selected strams demonstrated synergism
of action by a misture of oleandomycin and tetracychine It does not appear
that esther of the two latter studies weighted the data in favor of oleandomysin
on the bass of these selschcns In many of the other reports included in table
IV the authors were p d with d €ross
or enhancement of ncuon between pairs of antibiotics and the data collected
on oleandomyem alone were ncidental and not the pnmary reason for the
Teport

Moue or Action Descriptions as to the mode of acton of oleandomycin
did not appear i the uterature untl 1957 Andreu and co-workers ﬁm

presented data to suggest that could be

for 10 strains of staphylococer and four isolates of enteracoces Rantz and
<o workers™3 presented data on 33 readily P strawns of staphy)

it which the infubitory and b

were neatly the same they called attenncn to the fact that viable orgamsms
m small aumbers were frequently recovered from tubes that showed no
turbidity and that contamed the highest concentrations of antibwotic The
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TABLE Iv
P of Staphyl 1 to ) .
Olerndomycun
No of % comentrahon
Authors sofates susceptible g/
Broth dilution method
Andieu et at? 126 88 31
Bunger and Schutze 61 95
Cunmino et al ® 332 100 1
Colwille et al 74 83 34
Dumas et at** 50 36 25
Efhott and Hal} 33 30 83 3
Englnh *7 100 74 irn
Elanigan et at * 100 92 312
oltz ** 50 98 25
Foutke and Romansky % 103 75 50
Fust et al 84 80 ks 30
Garrod ** 45 (33 20
Hasenclever %8 37 78 25
Jones and Finland *¢ 103 87 31
Lewvitt and Habble *° 30 73 312
McFadden and Schelbart 4 145 78 312
Noyes et af ot 100 96 20
Oowald and Welch ™™ 85 99 20
Petersdart et gt 102 200 76 50
Rantz et a] 129 41 83 28
Raoss et al 120 165 9% 312
Sobin et aj 21 98 312
Trafton and Lind *4* 27 35 32
Was bren and Strefizer ** 45 3 30
Dusc plate method
Haukeres and Tonder ¥ 281 38 b
Koch aod Lepley ** 454 89 2
TLenung and Flanigan 8% 38 15
Revera et at #* 143 98 20
Method not described
Essellier and keuh ** 27 82
Muth and Weyer * 92
Average a5

apparently occurred as well as an mcrease m the number of antibiotic resistant
staphylococar Jt was only natural that 2 great many workers would test the
ffectrveness an vitro of oleand agawmst staphyl Approumately
30 different papers have been published 1n the past four years delincating the
effectiveness of oleandomyem agamst the staphylococer (see table IV) The
magortty of these papers reported studes on the munmal nhibitory concen
teations of oleandomycin A few papers descnbed the results of susceptibility
tests by the disc plate method and two authors did not spearfy the exact
method by which the results were obtamed The papers have ongmated m the
Unted States Great Brtaun Germany Norway Fsance apd Itdy The total
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cocer to antibroties has occurred with amazing regulanity with each new agent
shortly after its mntroduction the 1solation of resistant clinrcal stramns and the
rate at which resistance 1s acquired have been the targets of study m the early
evaluation of each new antimerobial agent

In the descrip of the 1 activity of oleand Sobin
et al¥s Listed one ressstant stran of M pyogenes var aureus that did not
respond to a concentratton of oleandomycin m excess of 100 pg/mi  this
stramn had developed resistance tc carbomycin and erythromycin mn previous

A

y publ from the same labora
tory'® indicated that a mcrease 1 to d could
be accomphshed by senal transfers oi a straint of Staphylococcus m the pres
ence of of d 1 under these the

minimom mhibitory concentration of the Staphylococcus aureus had mcreased
from 019 to 100 pg/ml after 19 successive transfers In a simlar study
Streptococcus pyogenes ATCC 8668 showed emergence of resistance an
ongnal mhibitory of 00625 pg/ml ncreased to
50 pg /ml after 19 successive transfers

The rate at which emergence of resistance to oleandomyein occurred was
compared with that for novobsocin by Noyes et al 1t under the conditions of
their expeniments  oleand showed app a m
crease In resistance after six serial transfers 1n contrast to a 76 fold increase
1 resistance to novobiocin This group felt that resistance to oleandomycin
occurred 1 a stepwise fashion Andrien and co workers described the slow
emergence of reststance by a stramn of 8 hemolytic streptococet and a stram of
enterococct when transferred 1 media with increasing concentrations of

leandomycin strams of staphyl studied 1 a stmular manner showed 1
one mstance the slow p merease of while two other
strams emerged as hughly resistant (greater than 4000 times the mnmmum
mnhibitory concentration) within the first three to seven transfers Sous et al’?
also d of to
after multiple transfers 1n media contaimng ths agent

Additonal reports™ 8¢ 113 117 have shown clearly the ability of staphylo-
coccl to develop to ol by m witro p d In con
trast a study by Flanigan et al'® did not show a significant increase 1n oleando-
mycin resistance of staphylococcal solates before and after treatment with
thus agent these studies were performed by both the disc plate and the broth
dilution methods

Sobm ¢t al’* pomnted out \mmny that orgamsms xeslsl‘anl to pemctilm

Y

B or bacitracin were not resistant to oleandomycm however they rcporled
one laboratory strain of staphyl that d to

0SS
erythromycin and carbomycin  Ross 112 1n one of the caxhest chnical reports
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same phenomenon was observed in thewr studies with erythromycn Of the
stramns that were moderately resistant to oleandomycin there was a much
greater difference between the two concentrations In the author s expensnce @
the recovery of persistently viable cells occurred sregularly in fubes with
concentrations of oleandomycin greater than the mymmum bactenicidal con
centration  studies were not performed to determine whether these were
resistant mutants or chance survivors

Hobby and Lenert © studied the mode of action of oleandomycm on two
strains of staphylococer and one Streprococcus they observed esther a bae
tenicidal or a bacterostatic effect on multiplying bactenal cells The action of
oleandomycn depended 1n part on the number of orgamsms present and/or
the concentration of oleandomyain A more mmportant factor n produsiag 2
bactencidal effect was the exposure of the bactersal cells for a mummum of five
to seven hours before an appreciable decrease m the number of culturable
cell umits could be determined This suggested to them that the bactencdal
action of oleandomyein 1s related to the gradual depletion of some essentia)
metabolites within the bactenal cell whose formation 15 mterrupted or m
Inbited by the action of oleandomyein Qleandomycin was found to have no
major effect on nonmultiplying bactersat cells

Oleandomycin as well as erythromyem novobiocsn and spiramycin was
observed to decrease the oxygen uptake or respiration of oxygen by the
bactertal cells 1 proportion to the ion of the bial present
1n the nutnent medsum by Sous et al 137 Ths effect was noted pnmanly
cultures dunng the probferative phase of growth and was not seen under
resting conditrons or  the absence of cell multiphication

CoNDITIONS AFFECTING IN VITRO ACTIVITY Andrieu and his co workers®
shawed that oleandomycin was more effective as 2 bacteniostatic agent m ap
alkaline medium elesation of the pH from 6 to 8 was responsible for a siv
teenfold wmerease mn the bactertostatic action as reflected m the percentage of

survivors i relation to the of L& The b dal activity
did not appear to be modified to any great extent by pH changes
The protein binding effects and the q m beat

activity were reported for oleandomycin by Fust et al % They noted that the
addition of 10 per cent or more serum or unne was responsible for a sig
muficant reduction 10 the anttmicrobial activity of oleandomycin soluttons The
addition of 20 per cent unne also reduced the anubacteniat effects of solutrons
of erythromyess carbomyein and tetracychne to a sumifar degree agunst the
Staphylococcus s vitro Andsten and co-worhers also noted a sigmficant
reduction m the susceptibility of Micrococcus pyogenes var aureus 209 P and
Bacdlus subtilis ATCC 6633 when the concentration of serum vanied in the
media between 5 and 20 per cent

‘BactEriaL ResisTance The appearance of resistant strams of staphylo-
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Waisbren and Strelitzer®®® reported on a four year study n which the
and cross of were d by broth
dilution techniques All of 154 strams found to be reststant to erythromyein
initially were found to be resistant to oleandomyen on the other hand 31
strains reststant to oleandomycin onginally showed approximately 53 per cent
susceptibility to erythromycmn More recently Koch and Lepley™ presented
data on 451 recent staphylococcal solates lha! were coagulase positive cross
between oleand and ery yein occurred with 100 per
cent of the stramns when the resistance was mitially noted for oleandomyein
and with 55 5 per cent of the strains that were muttally resistant to erythro
myem
It 1s obvious from these reports which ongmnated m different locations
that a wide vanety of cross resistance patterns exsst In England Garrod®®
demonstrated that resistance which occurs 1n vatro umformly developed to
both ery and domy such a pattern was desig
nated double resistance and was sumlar to that described by the authors
previously cited Chmnical isolates frequently did not show uniform resistance
to the members of the macrohde group and when the resistance aganst
erythromyein or oleandomycin was himited to one or the other Garrod re
ferred to this state as dissociated resistance Garrod was unable by laboratory
methods to produce a dissociated pattern of resistance 1n vitro Garrod also
descnibed the strans showmg dissociated resistance as unstable mutants
culturing these strains i an b medum p d the
growth of cells that were found to develop the typical double resistance
Garrod felt that the clinical use of any of the macrohde antibiotics might
produce resistance 2nd on the basts of the evidence to that time 1t was uncer
tain whether the clinical use of oleandomycin or sprramycin might produce
bacterial to erytt He was d however that the
use of an wfertor drug to which resistance developed mught readily elimmate
the subsequent usefulness of a better agent
In Vivo Actviry The ongmal description of in vivo therapeutic activity of
oleandomycin was made by Sobmn et al > Experimental mfections were pro
duced by mjecting streptococu or staphylococcn by the intrapentoneal route
with ol was d by the route
A dosage of 30 mg /khg permutted sumval of 85 to 90 per cent of ammals
mfected with staphylococet while a similar dosage permutted the survival of
100 per cent of amimals nfected with Str pyogenes ATCC 8668 Noyes and
co workers'® performed mouse protection tests agamst six dufferent strams
of M pyogenes wjected mtrapentoneally There was a high percentage of
survivors noted agamst five of the six strams of staphylococer when a daily
dosage of 100 mg /Kg was used for two days The 1 vivo results correlated
well with the in witro susceptibility tests
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on olesndomyain descnbed 22 strams of M pyogenes var aureus that were
resistant 1o erythromyem but relatively senstine o oleandomycin Noges et
at'! reported on 100 cleal strams of M pyogenes 1n which less than § per
cent were resistant (o oleandomycn these strams tended to be resistant also
to pemodlin and erythromycin but not to novobiocin Resistance could be
d: ped sfowly to ofeand and strams that showed thus rewstance to
oleandomyemn were found also to be resustant to erythromyem and pensthn

Needham and Geraer™® found that 72 per cent of erythromyein resistant
clmical 1solates of M pyogenes were susceptible to oleandomgem stsmins that
were found sensitive o erythromyein were also obsened to be sensshve fo
oleandomycem These workers were also able 1o develop cross resistante tn the
laboratory and orgamsms that were made resstant to exther erythromy
or oleandomyem showed complete cross resistance

Jomes et at’” also dy d the develor of and erass
resistance n vitro to erythromycin carbomycin spiramycin ofeandomycin
and strep: Cross to the bioties aecurred 1 simtlar
degree for all of the agents except p taphy ) yuired

resistance 10 streptogramin fess rapidly and the resistance to streptogratmun
was d with a cosresponding 1CIease i ¢ross resistance to the other
antibioties Garrod and Waterworth® found complete cross resistance between
erythromycm and oleand: i 15 of 45 eryth resistant strawmns of
staphylocorer tested Fust et a} ® also called attention to the problem of
cross tesistance 1 therr studies with staphylococeal solates i Germany

In 1957 Ramz and c0 workers™ reported on 41 chmeal isolates of which
eight were resistant to erythromycin only one of the eight strams was quite
susceptible to oleandomycim while snother was moderately susceptible In this
goup of erythromycin ressstant organssms 75 per cent werg resstant to
oleandornycin Four strains were subsequently selected for the development
of renstance 1 wtre they wese exposed to concentrations of ofeandomyemn
at 5 up and erythromyan at 2 pg /ml cross remstance to the heterologous
agent was shown for these orpamisms

Petersdorf and co workers’® comamented an a tendency for the chmeal
ssolates of staphytococer that were resistant to erythromycm 10 be sesistant to
oleandomyem bt the cross sesistance that was poted occurred wrregulasly
Such resistance was observed 1 spite of the fact that no olcandomyan had
peen used in Jobns Hophmns Hospital where this study was conducted Eng
1tsh®t collected 101 chmeat wsolates from many sources which were all re
sistant to erythromyemn 73 per cent were susceptible to oleandomycin at 2
concentratron of 312 g /ml Phage typmg permitted sdentifieation of 11
dufferent steasas of which approumately 70 per cent again were noted 1o be
resistant to erythromycm  all were found to be suscephible to the actson of

ofeandomycin
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Waisbren and Strelitzer™3 reported on a four year study in which the
sensitwyties and cross resistances of staphylococct were evaluated by broth
dilution techniques All of 154 stramns found to be resistant to erythromycn
mtially were found to be resistant to oleandomycm on the other hand 31
straimns resistant to oleandomyein onginally showed approximately 53 per cent
susceptibility to erythromyem More recently hoch and Lepley® presented
data on 451 recent staphylococcal isolates that were coagulase posttive cross

between oleandomycin and eryth occurred with 100 per
cent of the strams when the resistance was mtially noted for oleandomycin
and with 55 5 per cent of the stramns that were mutially resistant to erythro
mycmn

It 1s obvious from these reports which ongmated 1n different locations
that a wide vanety of cross resistance patterns exist In England Garrod®™
demonstrated that resistance which occurs wn vitro umiformly developed to
both ery and d such a pattern was desig
nated double reswstance and was similar to that described by the authors
previously cited Clinical ssolates frequently did not show umiorm resistance
to the members of the macrolide group and when the resistance agamnst
erythromycin or oleandomycin was ltmuited to ose or the other Garrod re
ferred to this state as dissociated resistance Garrod was unable by laboratory
methods to produce a dissociated pattern of resistance m vitro Garrod also
described the strains showmng dissociated resistance as unstable mutants
cultuning these stramns mn an t medum p d the
growth of cells that were found to develop the typical double resistance

Garrod felt that the chmcal use of any of the macrohde antibrotics mught
produce resistance and on the basss of the evidence to that ime 1t was uncer
tam whether the clinical use of oleandomycm or sprramycin mght preduce
bacterial to er He was d however that the
use of an inferior drug to which resistance developed might readily elimmate
the subsequent usefulness of a better agent

In Vo Activity The onginal description of m vivo therapeutic activity of
oleandomycimn was made by Sobin et al #* Expenmental infections were pro
duced by injecting streptococer or staphylococer by the intrapentoneal route

with was plished by the route
A dosage of 30 mg /hg permtted survival of 85 to 90 per cent of animals
ifected with staphylococct while a similar dosage permutted the survival of
100 per cent of ammals infected with Str pvogenes ATCC 8668 Noyes and
co-workers'® performed mouse protection tests agamnst six different strains
of M pyogenes injected mtrapentoneally There was a high percentage of
survivors noted aganst five of the six strans of staphylococe: when a daily

dosage of 100 mg /kg was used for two days The 1n vivo results correlated
well with the 1n vitro susceptibility tests
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Fust et ai* descnibed the chemotherapeutic activity of oleandomycin m
mice with oral as well as subcutancous sdministration experimental nfec

tons were produced with the g yecus  Streptococers Staphylococcus
enterococcus tubercle bacillus and a species of Salmonella Their repost did
not describe the methods by which mf, were produced nor the dosage
schedule of oleandomycn but good effects were recorded in treating 1nfections
due to the Streptococcus and Staphyl while adeqs P were
observed agaimst the phet and Sal lta Relatively mumumaf ac
tivity was d d agamst the and the tubercle bacilus i
expenmenm! mfections  The 1 inf ponded better to

than to p M eryth or carbamy The antt
tubercutous activity was observed only with massive dosages of oleandomy e
In the of staphyl 1 nepl w the rat oleand: n excelled

all ather antibiotics except pemcmm to which 3t was considered equal in

activity These workers also desenibed 2 favorable response to Ingh dosages

of oleandarmycin 1y the of Afrrean relap fever i the mouse
Andneu and co workers described a favorable therapentie effect with

oleandomycin aganst expenimental mfections caused by the pneumococcus

Streprococcus and S:aph;lococcw ’ﬂxey found hitle actiwty sgaanst anfections
3

d by Sah 1 Klebsella prneumoniae and Trypano
sama equiperdur The activity of ofeandomycin 1 vive was compared with
those of ery y b and sp m mice miected wath

hyl and Ery rh h Ofeando-

m)cm was !ound 10 be more effectsve when given by the parenteral route than
by mouth relatively smalt dosages were effecttve agamnst staphylococer igher
dosages were required for the streptococer and maxmnal dosages were re
quired for effective action against the p sceus and Erysipelothrix In
thewr expenience the relationship of the effective inhubitory concentrations m
susceptibility tests chd not parafiel the CDsp m the evpenimental wmfections
Thus led them to comment that feactions 1 vivo are more ymportant for the
evaluation of an antibtatze drug than the i witro analysss

COMBINED ACTIVITY WiTEH OTHER ANTImOTics In 1956 a provocatine
publication by English &t a1 described enhanced acuvity of a physical mixture
of 1etracychne base (67 per cent) and ofeandomycm base {33 per cent) In
vitro studies were performed against Iaboratory s:mms of M pyogene: var
aureus Sir pyogenes Dapl Cony
L monocytogenes B subnlis and Vibrio comma a sigmficantly kmcr mm
mum mbsbitory concentration for three species was noted for the combnation
of antibictics in companson with Tine alone or oleand In
additton 21 antibiolic ressstant chmcal 1solzues ofM p ogene: var aureus
were also tested for the
lower concentsation for 9 of the 21 strains was shown for the combination




ANTIRIOTIC THERAPY FOR STAPHYLOCUOCCAL DISEASES 59
as aganst either tetracychne or olesndomyom swmgly Thcse authors also

demonstrated by the mhibitory d m the
emergence of resistant vanants of 2 sﬂam of M pwgzne: and of Sir pyog
ener In addston sn vivo studses md d a by

10 mice by the combination of antibiotus agamst onc stram of Srr pyogenes
and four strmns of M pyogenes

In 1957 Garrod ® exammed the responses of 118 stramns of staphylococot
to 2 2 1 musture of tetracychne and oleandomyan of these strams 56 were

to oleandomycin 45 wese puible 1o hne and 14 were
abnormany resistant to one or the other of these two antbiotics Garred did
not find i a sngle mstance that the minbetory of the

combination was significantly lower than that of exther of the antibicties when
acting alone Garrod also exposed six strawns of staphyfococcs so as to develop
© d and the of the iwo
these organssms were then tested for thesr susceptibilty to tetracychne
d and the b It was Garsod s conclusion that oleando-
mycm fadded to mterfere with the d 7 of of these
to 3 d to be resp for the major portion
of the activity of the combmation Garrod fusther sug ggested that addional
study of the problem of 4 sction of cleand o and
was necessary before the claum for enhanced or synergistic activity could be
established
Almost 1y with the p of thus article m Englapd Levitt
and Hubble®® descrbed the effects of this combmation on the mingmum m
hibitory concentration of 30 ssolates of recent clmical ongin None of these
wolates was found to be more favorably affected by the combimatian of drugs
w vitro thag by either olsandomycin or tetracycling when used alone
A report by Bellell and DeCarlo’” of m witro studies included seven strams
of M pyogenes that did not show more than one tube dilution drfference m
mhibitory from the mhib of esther
tetracychne or oleandomycn In vivo studies with white muce agarnst expen
meptal tatrapentoneal wfections with four straims of 3 pyogenes gave results
as follows by and oleand: 10 mg/Kg 17 of 32
anmals protected cleandomyan 33 mg/hg 7 of 32 ammals protected
tetracyshine 6 7 mp /by 2 of 32 ammals protected These authars concluded
that. had been d d smee the b of
gave results greater than the anthmetieal additive effects
Wiesmann*#7 yeviewed the evidence for the effectveness of combnations of
antibsotics and also tested 10 strams of staphylococes agamst mhibitory con
of tet tne and ch stagly as wefl as i combination
s zesults and conclusions were directly opposed to those of Engluh et af #
His results also suggested that an m witro delay in the emergencee of resistance
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could be asenbed to this combmation only 3f both agents were mutially quite
active against the test stran of staphylococes

Several months later Jones and Finland™ published a long review on the
effectiseness of antibtotic combinations and described three different expen
mentat approaches to define the activity of such combsmations Thisty four
strains of staphylococes were tested for the hubitory
of tetracycline erythromyein oleandomycn sp e and 2 1 of
tetracychne with each of the other three agents Jones and Finland could not
find any supenor activity for the muxtures as compared with the mdivduat
antbiotics An addtional study was performed 1o test different rattos of the
pareed drugs When equat pans of tetracycline and the macrolde drugs vere
employed or when two parts of the macrohide with one part of tetracychne
were employed the hibitory conce: for the dfferent strams
of staphylococet wers found to be the same or to vary only by a factar of two
except in certan isotated strmns Smnce the twofold broth dilution method
whieh was employed 1 the hib
may be conswdered 1o have an mherent error of method expressed by a factor
of two no significant dsfference could be attnbuted to the combmations

Two additional pharmacological studies were performed by Jones and
Finland i which the antibactersal actiaty of the plasma was assayed after
the ingestion of the four agents alone and the combmation of tetracychine with
the ather three agents these studies will be discussed later 1n the sectton o1
pharmacology but st will suffice at thus pont to indicate that no combination
appeared to be supenor in producing antibactenal activity 1 the plasma than
the more effecttve agent of the combmation

By the end of 1957 Farbrother and Southall’t in England confirmed
Garrod s abservations on the lack of synergistic activity with the combmation
of oleandomyem and tetracychine The Fifth Annual Symposiom on Antibiotics
i QOctober 1957 became the sounding board for seven different groups to
report their expeniences with m vitro studhes of the oleandomyan tetracycime
combmation | & #9105 120 18 Cymnuno et al reported on 332 staphylo-
coceal 1solates agamst which the combmation appeared to exert greater ac
tvity than conld be explained on a simple additve basis this conclusion was
based on caleul of the expected mhibitory and
1he ratio of expected to observed Strawns that demonstrated
a marked resistance to tetracychne showed smatler rattos of expected to ob-
served concentrations Eiliott and Hall? presented data on the mimmum
nhibitety and bactencidal for 30 strains of staphylo
cocer 0o synerpsm was evident but occastonal additive activity was seer
and no antagomsm was shown by the mixture of oleandomyemn and tetra
cyclime when compared o the single agents McFadden and Schelhart®
pnscmcd 1n vitro data on 145 orgamsms of which 38 per cent shawed greater
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susceptibility to the combmation than to the ndividual components this sug-
gested to these authors some synergistic activity Oswald and Welch'® pre
sented data on 202 separate 1solates with 49 different phage patterns this
study was thought to show synergistic effects for the combination of oleando
myemn and tetracycline 1 32 per cent of the 1solates Foulke and Romansky®
found only 2 of 103 1solates of staphylococel to show actiity suggesting syn
ergism Ross et alt ® could not find evidence to support the concept of syner
gism 1 studies by m vitro methods as well as by m vivo responses to the
action of a tetracycline oleandomycin mixture Ruvera et al''” could find no
evidence for antibrotic synergism by use of the wet-disc susceptibility test
Most recently Furesz et al 2 of five tetra
cychne and oleandomycin showed ncreased activity over the single agents 1n
£ to the 1thibitory of 65 stramns of smphylo
cacet A greater number of stramns were mhibited by lower concentrations of
the b This was not so effective as others
however
It 1s rather apparent from a review of these reports that additive and per
haps synergistic effects for the combination can occastonally be shown but
when more ngid parameters for synergistic acuvity are imposed on these
studies the action of the mixture appears to be more additive then synergistic
The entire problem of combined antibtotic therapy was the subject of many
editonial comments during the year of 1957 and 1t 1s regrettable that some of
these editonals suffer from a lack of the dispassionate scientific evaluation that
such comments and wntings deserved 48 1913 47 144
In additton to the evaluatton of antibactenal activity of the oleandomycm
the of a sulf and
was studied by Grunberg et al® By 1 vitro studies wnh a gradent plate
a of and ol was observed to
give greater antibactenial activity than thal observed with the individual agents
m vwvo studies with and nfec
tions suggested supplemental activity of this pair of antimicrobuals when the
dosage ratio of sulfisoxazole to oleandomyein was 5 1
Hobby and co workers® demonstrated by mn vitro and m vivo studses the
actvity of oleand they found this salt active agamst many
gram positive microorganisms whnch were also shown to be susceptible to
peruciln and oleandomyein when used alone In addition some strams of
M pyogenes var aureus that were resistant to ihe action of penicillin were
found to be imhibited by this salt It was suggested on the basis of these studes

that some enhanced chemotherapeutic action resulted at times by the use of
this chemical combination

Seller? ¥ reported on the bined use of
a 30 bed general surgical ward the

and oleand: n
to oleand
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an of 90 per cent of staphylococeal 1solates decreased to a level of 60 per
cent There were fewer staphylococer isolated from the routine cultures of the
nose and skin and coagulase negattve strains resistant to oleandomyctn were
1solated more frequently dunng the period of general admimstration of these
agents A different mechanism was thought to be operative 1 the emergence
of to ol than to p 11

The bination of chl h and domycin was studied by
Reedy and co workers ' Three of 10 strams of M progenes were found to
be more susceptible to a combinatton of these two antibiotics so as to suggest
a synergistic activity several additional strams were found to show the effects

of summation of these two ant No 3 for antag

omsm was found agamst the staphylococct

A report on the effect of oleandomycin alone and in combination with
neomyein on the miestinal miroflora was published by Shidlovsky et al1?
oleandomyein alone was effective in reducing the gram positive population of
the gastromtestinal tract The combmation of oleandomycin with neomycin
appeared to be no less eﬂecme 1 reducing the gram positive bacterial count
but no data were p d to d ate that the ¢ was more

it than neomycin alone in reducing this group of I orgamsms

ANTIMICROBIAL ACTIVITY OF TRIACETYLOLEANDOMycIN The anttmicro-
baal activity of triacetyloleandomycin was described by English and McBride 3
The in vitro activity of triacetyloleandomyem was found to be less than that
of the oleandomycin base for all orgamisms that were susceptible to oleando-
mycin Seven antibrotie reststant chnical lsola!es of staphylococcx were found
to require two to four times as much tr domycin for m
hibitory effects as was needed for oleandomycin base The activity 1n vivo was
studied by mouse protectton tests agamnst experimental mfections of staphylo-
cowct Compansons were also made with erythromycin  chloramphenicol
pentetihn V' and novobioctn  An EDj, ranging from 36 to 105 mg /hg
compared favorably with dosages required for the other antimicrobsal agents
Celmer and Hochstemn ¢ have shown that triacetyloleandomycin is deacety

Jated ln vivo and lhm bral activity 15 due to the activity of
This p was the basis for a study by Enghsh and
Fmk®® as to the mdications for the use of n

staphylococcal nfections i this study the susceptibility of 64 recent chmcal
wsolates of epidemic varieties was described 1n reference to oleandomycin base
activity

PHARMACOLOGICAL PROPLRTIES

Absorption and Excretion of Oleandomycin i Ammals The onginal de
scriptiontss of oleandomyein by Sobin et alindrcated that effective serum levels



ANTIBIOTIC THERAPY FOR STAPHYLOCOCCAL DISEASES 63

of oleandomycin 1 the rabbit were achieved on a dosage of 200 mg /hg
the peak concentration was obtamned one hour after admimstration of the
dose and a moderately rapid decline i actrvity of the serum was noted mn the
next five to seven hours

These findings 1n laboratory ammals were extended by Fust and co
workers  who pomted out the relatively low toxicity of single large doses of
oleandomycin m mice rats gumea pigs and dogs It was thewr impression that
oleandomycin was less tovic than eryth Almost 1 3}
Essellier and Keith* reported on pharmacological studies 1n man which were
carnied out 1n cooperation with Fust and Bohm Essellier and heith also
reviewed pharmacological mnvestigations 1n dogs monkeys and rats which
showed no sigmficant toxaity Studies of the absorption and distnibution of
the drug mnd d that a was obtained m the blood
w0 to four hours after oral administration with an effective bacterostatic con
centration bemg mawmtained six hours after admimstration The excretion was
noted to occur mamly by way of the kidneys and partly through the ltver
mto the bile The concentrations of oleandomycin 1 the urine and the bile
were stated to be several times that noted m the blood

Andrieu et al stndied the absorption of cleandomycin when admumstered
orally to rabbits 1 a dosage of 250 mg /Kg a peak concentration of 24
#g /ml was noted within one hour The serum concentrations declined rapidly
durng the course of the next three to six bours so that at seven hours the
concentration was only 1 gg /ml These authors also roted the elmination of
oleandomycin by way of the biliary and urmary tracts concentrations rangmg
from 2000 to 5000 »g /ml were noted for bile and urme

Drffusion Into Body Fluds and Tissues in Ammals hazenko et al®® per
formed analyses on blood serum and tissues for the concentration. of oleando-
mycit 1n Rhesus monkeys Four hours after a 300 mg oral dose serum
concentrations rangng from 50 to 80 pg /m) were noted High tissue concen-
trations were noted m the kidney (870 pg /Gm of tissue) pancreas (705
#£/Gm ) spleen (695 pg/Gm) hver (675 pg/Gm) and lung (515
#2/Gm ) no significant concentrattons were noted 1 the brain Twenty four
hours after an oral dose of oleandomycn, the thyroid kidney lung and spleen
were noted still to have concentritions greater than 10 pg /Gm of tissue A

study of oleand h and the hyd. 1de was

carried out 1n two senes of rats no signuficant differences m tissue concen
trations were noted between these two agents The fiver showed the highest
tissue concentration for both drugs Simular results were obtaned 1n the dog
These authors also studied the unnary excretion and found an average of 20
per cent of an oral dose excreted by rats m eight hours studies on dogs and
monkeys permitted the recovery of shightly higher percentages of doses of
oleandomycin 1n a 24 hour penod The biliry excretion was studred wath the
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TABLE V

Arverage Serum Concentrations (ug /mi) affer Intravessons Ofeandomycin
ampling Pertods after Injection *°

Dost mg 10 tun 30mm thr 2hr 4hr
30 75 28 16 13 86
300 172 64 37 1t 12

rat as the expenmental antmal approximately 10 per cent of an oral dose was
recovered 1 rat bile within four hours

The pencetration of olesndomycm imnto the eye was studed 1 rabbuts by
Dumas et at 3* after mtravenous myection of 50 mg /Kg of oleandomycn the
congentration 1n the aqueowus humor of the eye was approumately one half
that of the serum concentration at one two and four hours after njection
After the suk val of oleandh high were
found 1n the agueous humor but there was ntense local reaction character
1zed by edema and focal mecrosis These authors also noted that a comeal
bath apphed n a concentraton of 20 mg /mi for five mmates resulted
a concentrasion i the aqueoys humor of 7 2 pg /ml of oleandomyem within
one half hour after complenon of the bath these concentratsons rapudly
declined so that at twa hours the concentration was only 2 2 ug /mi

Absorption and Excretion i Man A prelimpaty repost on the absorption
and of oleand m man was g d by Baad; et 211 Two
small senies of § hospitalized patients each were studied after oral dosages of
05 Gm every four hours and 1 Gm every 12 hours Those patiests receving
05 Gm every four hours d ated ble serum m
ont hovt with a maximum concentration exght hours after the fourth and final
dose on the first doy Those patients recerving two doses of 1 Gm at 2 12
hour mterval d trated a of oleand: i the
serum eight hours after the mitial dose C of i
the ynme sanged from 2 5 to 2000 pg /m! The authors did not mdicate the
penod of vrmary collections but reposted that 3 per cent of the admmstered
oleandomyein was recovered sn the unine

Shortly after thus prelinunaey report Bernstesn and Paller'® published an
extensve study of expenmental pharmacological tnals m man In one senes
of 10 patients & dose of 250 my of cleandomyem was admumsstered orally
eiery four hours An average peak serum concentration of 29 ug/mi was
obtatned at three hours after admustration 4 of these 10 patents failed fo
develop serum concentrations of 2 pg /ml or greater after muluple doses A
second senes of 10 patients was gven 0 § Gm of oleandomyem n a single orat
dose Five patients fasfed 10 achieve concentrations preater than 2 pg /mt of
serum of which 3 were noted to have Jess than 1 g /m} snacsdity and de
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layed absorption appeared to be related to these low serum concentrations m
2 of the patients A third senes of 7 patients was given 05 Gm  orally of
oleandomycin every four hours cumulative effects were noted with serum
concentrations ranging from a low of 20 pg /mi to ahigh of 16 5 kg /ml of
serum The average concentration two hours after any of the multiple doses
was 99 pg/ml of serum An occasional serum concentration after repeat
doses was found to be lower than the mitial concentration These vanations
may be attnt to ind 1 diffe n P of the and
are ssmular to those previously noted for other antibiotics when given orally

Bernstein and Piller®® also studied the results of parenteral admimstration
In one senes of 18 patients who were given an intravenous dose of 250 mg
1 a peniod of two to four minutes serum concentrations ranged from a Jow
of 23 toalugh of 136 g /ml of serum within 10 minutes after administra
tion Another senies of 8 patients received 500 mg 1ntravenously in a similar
peniod of tme The average serum concentrations for these two groups are
compared 1n table V

These authors attributed the early decline of the serum concentrations to
the equilibration of the serum with the tisspes Studies were also made of two
smali senies of patients who were
tion of either 2 Gm or 1 Gm of oleandomycin per day Only 2 of 6 patients
recening 1 Gm of oleand by mfusion showed
concentrations in excess of 2 pg /mi of serum other patients in this group
generally had concentrations of 1 pg /ml or less Those receiving 2 Gm daily
were found to have concentrations 1n excess of 2 pg /ml 1 three out of four
patient tnals

Bernstemn and Piller also foliowed the unnary excretion in 7 patients who
recetved a 500 mg antravenous dose of oleandomycin Approximately 85
mg or 17 per cent of the dose was recovered 1 the urtne within six hours
after the injection A single mtravenous dose of 250 mg pernutted the average
teeovery of 45 mg  or approximately 18 per cent of the dose within four to
six hours after imjection

Ofeandomyein concentrations i serums after parenteral injections were
also studied by Mchinney® and by Asay and hoch 3> Mckanney observed a
group of 10 adults who had recerved a smgle dose of 100 mg ntramuscularly
Serum concentrations ranged from 003 to 095 pg/ml i those persons
faving measurable concentrations When a small group of 5 adults was fol
lowed after repeated mtramuscular mjections every eight hours for 24 hours
no evidence of cumulative action could be obtamed since the average serum
concentrations remained 1 the general range of 07 ug /ml Asay and hoch
admimstered oleandomycin 1 dosages of 12 5 to 25 mg /Kg ntramuscularly
or wtravenously to children ranung from 4 months to 18 years of age
Esghteen samples coliected at random through the first six hours after the
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mjection of 12 5 mg /Kg ntramuscularly were found to have concentrations
at one hour ranging from 2 5 to 4 xg /m! and at six hours, from 03 to 20
#g /mt of serum A similar study with a dose of 25 mg /hg intramuscularly
did not result 1 any sigmficant mncrease n serum concentrations When an
mtravenous dose of 25 mg /kg was adminstered, the concentration after one
hour was found to range between 10 and 40 pg /m} of serum this concen
tration dechined rapidly so that at six hours the range was found to be 12
to 10 ug /m}

Dustribution in Body Flurds and Tissues of Man To date no studies are
known to the reviewer that report the tissue concentrations of oleandomycm
comparable 10 those studied i ammals Data are avadable concernmg the
distibution of oleandomycn mto the bile and the cerebrospinal fluid

Duning November 1956, the first studies on distribution in the cerebro
spinal Hurd were published by Bernstein and Piller'® and Essellter and kheith #
Bernstem and Puller presented 6 patients without meningttss i whom the spinal
flmd concentrations of oleandomycin ranged from a low of less than 02 #f
1o a high of 14 ug/ml after an oral dose of 05 Gm Only 3 patents were
noted to have a measurable Jevel by the method employed for assay In gen
eral these concentrations were found to be approtimately 10 per cent Of
Tess of those in the serum of blood samples coltected at the same time Essether
and Reih reported six d on brospmal fluid of pediatne
patients without menmgitis one hour after parenteral mjection the cerebro«
spmal flwd concentrations ranged from 2§ o $ 0 »g /m! and were generally
two to four tubes lover than the blood serum voncentrations s a twofold
broth dslution fest At six hours the fluid was noted to contain 12 to 25
pg /ml of oleandomycin

Lyons et al”® admumstered 30 mg /Kg of oleandomycin intravenously in
a pertod of 30 to 45 munutes to 7 patients with neurosurgical disorders
Effectine concentrations were noted in the cerebrospinal flud m two to six
hours A slower infuston was found to gne poorer results In 3 patients
treated for memngitis the ratto of the spmal flurd to the serum concentrations
was approximately one haif or one quarter after equitbration had occurred

The concentration of oleandomycin in the bile of human bemngs was
tially reported by Bernstetn and Piller 1 who found a range of less than 4
ta 300 g /ml of bile withia one half to one haur after 2 250 mg 1ntravenous
wyection  Assay of the flurd in the gall bladder n 2 cases yielded concentra
tions of 160 to 404 ug/ml the values appeared to be approwimately four
tumes geeater than those noted i bile from the ducts Essellier and henh?
reported on the bifiary concentration of ofcandomycm after a 500 mg oral
dose within three hours the concentration wt A bie was noted to be 186
pg/ml as contrasted with 228 pug /ml 1n B bile Four hours after admumstra
tion the A bile contaned 257 ug./ml and the B bile, 182 pg /mi
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A larger study on the el of ds by pathol 1 biliary
tracts 1n human bemgs was recently published by Uberti #* In a group of 30
pateents three different dosage regumens were employ ed prior to the samphng
of bile 1n the gall bladder After single oral doses the hughest biliary concen
trations were obtained three to six hours after admimistration the concentra
tions 1n the bile were greater than those i the blood n 70 per cent of cases
The biliary concentrations of oleandomyein 1 the first six hours were varrable
and ranged from 0 to 340 pg /ml 1n the bile for 250 mg doses and from O
to 980 pg/ml for 500 mg doses When the oral dosage of 500 mg was
repeated on a six hour basis for a total of 40 Gm 7 of 10 patients agam
demonstrated oleandomycin 1n the bile ranging m concentration from 165 to
1000 pg /ml as d with blood 10ns of O to 14 ug /ml

Another group of 8 patients were studied after choledochotomy bile from
the common duct was assayed for antimicrobial activity after three separate
dosage regumens and at various mtervals after surgrcal relief In general the
concentrations were maximal six hours after single doses and were inferior
to those noted for the cystic tile Concentrations were noted to be higher 1n
those patients who had not had previous bouts of jaundice or evidence of
hepatic parenchymal damage The recovenes of oleandomycin were propor-
uonal to the flow of bile

Ubert: also noted that when stenosis of the cystic duct had occurred the
cystic bile was lacking 1n antibiotic activity Further observations of patients

with vormting d d that the domycin content of hepatic duct
bile was greater than 1n the bile of the gall bladder
The volume of oleand was studied by Spitzy and Hitzen

berger'®® after an intravenous dosage of 100 mg of oleandomycim n §
patients An absolute distribution volume of 53 800 15 000 m! was calcu
lated to be 086 and based on previous relationships thus would indicate a
high distrit throu hout flnd volumes as well as extracellular
flud The half ife of oleandomycin m the blood was calculated as 1 05 hours
Physical and Chemical Combinations of Oleandomycin The mtial biolog
1cal studies on the b of tet line and oleand included
pharmacological studies 1n rabbits dogs monkeys and man In rabbits and
dogs the intramuscular mjection of a 2 1 physical mixture of tetracycline
and oleandomycin on the basis of 10 mg /hg resulted n a fotal antibiotic
actvity tn the serum of 2 87 ug /ml 1n one hour The total activity decreased
moderately rapidly through the next four to six hours Differential assays
il an resistant to hine alone and another resistant to
alone 1nd that ol was acting pnmarly 1n the
first three hours theseafter the antimicrobial activity 1z the serum 1n man
was largely ascribed 10 the tetracycline present 1 the muxture A 600 mg
oral dose resulted mn a peak antimicrobral actvity equivalent to 3 64 #g /ml




66 ARTIBIOTICS MONOGRAPHS | 12

myection of 12 5 mg /Kg mtramuscularly were found to have concentrations
at one hour ranging from 2 5 to 4 2 /ml and at six hours from 03 to 20
#g /mt of serum A similar study with a dose of 25 mg /Kg intramuscularly
did not result m any stgmficant mcrease m serum concentrations When an
intravenous dose of 25 mg /Kg was adnumstered the concentration after one
hour was found to range between 10 and 40 pg /ml of serum this concen
tration declined rapidly so that at six hours the range was found to be 12
ta 10 pg /mi
Distnbution in Body Fluds and Tissues of Man To date no studies are
known fo the reviewer that report the tissue concentrations of oleandomycm
comparable to those studied 1 ammals Data are available concerning the
distnbution of oleandomyom mio the bile and the cerebrospinal fimd
During Nosvember 1956 the first studies on distbution in the cerebro-
spinal fluid were published by Bernstem and Prller®® and Esselhier and heith
Bemstemn and Piler presented 6 patients without merungitis 1n whom the spinat
flusd of oleandomycin ranged from a fow of fess than 02 g
1o 2 tugh of 14 ug/mb after an oral dose of 05 Gm Only 3 patients were
noted to have a measurable fevel by the method employed for assay In gen
eral these concentrations were found to be approumately 10 pet cent of
Tess of those 1n the serum of blood samples collected at the same time Esselher
and henth reported six determinations on cerebrospmnal flud of pediatne
patients without memngitis one hour after parenteral injection the cerebro-
spmal flmd concentrations ranged from 2 510 50 pg /ml and were generally
two 10 four tubes lower than the blood scram concentrations i a twofold
broth diution test At six hours the flud was noted to contam 12 10 25
pg /ml of oleandomyemn
Lyons et i admimstered 30 mg /kg of oleandomyam mtravenousfy in
a penod of 30 to 45 munutes to 7 patients with neurosurgscal dssordess
Effective concentrations were noted 1 the cercbrospmal flud m two to six
hours A slower infusion was found to give poorer results In 3 patents
treated for memmgitts the ratio of the spimal fuid to the serum concentrations
was approxsmately one half or one quarter alter equilibraion had occurred
The concentration of oleandomycin in the bile of human beings was m
tially reported by Bernstem and Piller ¥ who found a range of less than 4
10 300 pg /mi of bie wathin one half to one hour after a 250 mg ntravenows
injection Assay of the fluid in the galt bladder sn 2 cases yielded concentra
nons of 160 to 404 pg/ml the values appearcd to be approximately four
times greater than those noted m bude from the ducts Esselfier and kesth?
reported on the biiary concentration of oleandomyem after a 500 mg oral
dose withun three hours the concentration n A bile was soted 10 be 186
g /ml as contrasted with 228 pg /ml 1 B bife Four haurs after adnumstea
tion the A bile contaned 257 ug /ml and the B bile 182 4 /mi
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through the stomach These observations were extended to man by the same
group and reported by Payne et al ** when oleandopen was admunistered
orally antimicrobial activity in serum was noted for a period of esght hours
after ingestion of the drug The antibactenal activity of the serum duning the
first four hours after admimstration of the drug was attnibuted primanly to
the pentcallin present in this salt while thereafter the acuwity appeared to be
due to the oleandomycin The addition of potassium pemcilhn G to oleando
penincreased the activity of both penicillin and oleandomycm for at least seven
hours after a 600 mg oral dose Jones and Finland’ tested the antibacterial
activity of plasma after the oral of p )
or a combimation of these two drugs the olcandomycm pemicilhn salt plus
penscdlin G was also studied No increased antibacterial activity of the plasma
was noted after admimustration of the mixture or the salt of the two drugs
when d with p 1l:n alone Oleandomycin alone was the least active
agent used but was capable of more prolonged activity than that noted for
penicithn alone

Tracetyloleandomycin  Antibacterial activity was found i the serum of
dogs and mice after the oral of d by Eng
Lsh and McBride * they noted that oleandomycin base was absorbed some
what more rapidly than macetyloleandomycm but that the latter was respon
sible for higher the ling period from three to
seven hours after ingestion of the drug In mice tracetyloleandomycin con
sistently produced evidence of greater antibacterial activity tn all periods than
was noted for oleandomycin

The mtial pharmacological tnals 1 patients were reported by Shubin et
al 130 1n a crossover study of 30 patients serum activity duning the first three
hours after oral doses was double or better than that after ingestron of oleando
mycin base The higher Ievels for tracetyloleandomyein persisted through
six hours and this finding led to another study in which 1t was noted that
patients showed measurable anttbactertal activity m the serum for as long as
12 hours after 2 single 500 mg dose On a dosage schedule of 250 mg every
eight hours there was some sugeestion of cumulative activity 1n the serum
after the first 24 hours Uninary recovertes in a 24 hour penod mdicated a
102 per cent recovery for oleandomycin base as compared to 23 5 per cent
for tnacetyloleandomycin n the same persons These studies suggested better
absorption and greater availability to the tissues of triacetyloleandomycin

Reisch et al'1® the and 1al activity of
serum obtamed two hours after the fourth of muluple doses of 500 mg of
and ery They found the concentrations to

be approximately :qual at t}uS peniod of time 15 of the 25 subjects had con
of

equal to or greater than those obtamed
after erythromycin The antibacterial actvity was tested m seral dilutions
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at four hours assay of the tetracycline activity ndiated agam that the
oleandomycmn was primanly exerting 1ts actnity i the first four hours
An extensve study of the effect on serum anumucrobml activity of ants
biotic combinations of tetracyctme with erythromyom  oleandomyen, and
sprramycin as compared with each of the mdiidual antibrotics was published
by Jones and Finland % The antibactenial activity of serum obtamud from
normal men to whom these anttbiatics were given esther singly or 1n combmna
tion was assayed against a sensune hemolytn Streplococcus a tetracychne-
seasitive Stapilococeus and a tetracycline reswstant stran of Staph atrens
these studies did not indicate that the combmation of oleandomyem with
tetracychine produced any greater actiuty than the same total dosage of the
more active drug When these serums were tested agamst a fetracychoe
wesistant Staphylococens the presence of tetracychne may have reduced the
activity of oleandomycin  Additional studies were made to test ratios other
than a 1 1 combmation of these agents When a dose of 500 mg of tewa
cychine was ingested alone or when an addition of 250 mg of oleandomycin
was made to the dosage the antib 1al activity of the serum
from the » showed no fi These authors opposed
the use of such nuxtures on the basis that the use of such combinations en
£ deq! and provides a Ialse sense of secunity for the
physician p bing them Such ! were thought to reduce the
therapeutte effectiven~ss that mught be expected when proper dosages of
propesly chosen antibiotics were used alone It was felt that this muxture
would not provide wmy effictive control over staphylococcal strams resistant
ta erythromycn and that resistance to the macrolde drugs mught owcur as the
result of madequate dosages
Ross et aft @ also tested the antimicrobial actierty of serum after the m
gestion singly or m of and fomycin  With
serum bsoassay by a laboratory stran Staph aureus 209 P all preparations
d peak bial actvity at two hours Tetracychine alone
and the of oleandomycin wuth tetracycline showed d
actvity through the fifth hour Oleandomycin showed a fower activity which
was not sustatned through the late hours A sumular result was obtamed when
the serums were tested agamst a 8 hemolytic Streprococcus These authors
therefore concluded that the principal acuvity of the combination of drugs
was due primanly to the presence of tetracyeline
Oleandapen was found by Hobby and co workers™ to result m profonged
antibactersal actnaty of the serum from dogs This material could be admut
sstered orally or parenterslly with similar resulls antibactertal activity of
the serum Somewhat higher wmtial actnty was noted for the combmation
which was attributed to the fact that this salt 1s relatively stable caly slightly
soluble 1 water and thus more available for greater absorption after passing
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unnary recoveries were noted after triacetyloleandomycin than after oleando
myem Adequate antibactenal actvity wa also noted n the serum of patients
after triacetyloleandomycim

Toxieity or Side Effects as Reported i the Luterature 'TOXICITY STUDIES IN
Anmats Inital reports of the toxicity of oleandomycm 1n laboratory ammals
were made by Fust and co workers * In comparatrve studies m the mouse
sat geinea pig and dog the LD , for the vanious routes of adminmstration
sndicated that oleandomyein was an agent of relatively low toxicaty the values
for the LD 4 n the different species and by the different routes of admimistra
tien are shown 1n table VI When toxic dosages were administered mtra
venously the p of ataxia d bility and rntability and
ultimately tonic and clenic convulsions appeared On the basis of these studies
and compinson with similar studies with erythromycin these authors con
cluded that oleandomycin was less toxic than erythromyem In a tolerance
study young male rats were followed for a period of 13 weeks with a diet
to which oleandomycin had been added to permit a daily dosage between 100
and 200 mg /hg no senous intolerance was noted A shight but diffuse loss
of hair was noted after the miath week but no other toxic symptoms were
observed Additional studies indicated that there was no apprecuble toxicity
for the blood bone marrow lver Kidney adrenals testes lungs spleen
beart thymus or pancreas Expenimental toucological studies after intra
venous and oral admimstration of oleandomyein m laboratory ammals were
reported by et al 1% QOleand ppeared to be well tolerated by
the oral route when admmstered to rats dogs and monkeys for ettended
peniods of time no specific organ towcity was noted after this antibiotic
Subcutancous imjections of § to 10 per cent soluttons of the monohydrochto
nde salt twice daily for five days a week were found to be quite imitating to
the tissues and therefore of no practcat value Reduction of the concentration
of the oleandomycin to 25 per cent and admimstration of dosages not 11
excess of 125 mg /hg twice daily were better tolerated such mjections were
the maximal dosages that could be tolerated over a three week period without
evidence of local tissue reaction

Acute toxicity studies for ) 1 rats ind d an LD ,
of 376 +5 mg /kg for the hydrochlonde salt by p
injections were found to have an LD , of greater than 2000 mg /hg The
symptoms after toxie doses by the intravenous route 1 rats were wmmediate
onset of muscular d labored and chromic convul
sions with a relatvely rapid recovery or death Simular acute toxicrty studies
mn mice indicated a higher LD, by the intravenous route No organ or tissue
pathology was noted in rats dogs or monkeys that were found to be healthy
at the start of the study 1 monkey which apparently demonstrated evidence
of nephnitis at the 1muation of toucrty studies expenienced a progression of
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TABLE V1

LB of Qleandomycin for Experimental Ammals 84
(expressed as mg /hy)

Route BDosage

Oral 8200

Miee Subcutaneous 2500
Intravenous £00

Oral 10000

Rats Subcutaneous 10 000
Intravenous 440

Guinea pigs Intrapentoneal 2343
Dogs Intravenous 300

aganst M pyogenes stram 2891 14 subjects were found to have equal or
preater antibactersaf acnmy m the serum after triacetyloleandomycn as de
tected by the v Partial bactenal kilng
was noted by subcultunng the senal diluions of serum with some svpenonty
for erythromycwn 1 16 sabjects however the serum of 3 subjects fatled to
produce partial ksthng  after crythromyem It was the smpression of these
authors that eryth yewn and tracetylok tubsted essentrally the
same pk 1 1 and b 1 activity n the serum

A similar study by Komn et al®® compared the anubactenal activity of
serum after oral thacetyloleandomyas eryth in V
and pemcttlin V- The results of this study nd d that triacetyloleand
cn and erythromyein gave fanly comparable anubactenal activity agamst a
Streptococcus and a Staphylococens that were used as test orgamsms These
observations were true for serums of children as well as adults but actvities
of both of the macrolide drugs were found 1o be mfenor to that resultng from
the of 1 In general toacetyloleandomycin
appested to be absorbed somewhat faster as reflected by the greater antistrep
tocoecal activity of serum samples 1n the first four hours when compared with
erythromycm

In unpublished observations by Wright 31 seram concentrations of trace
tyJofeandomyen were found te be far supenor to those of sleandomyon A
sumiar parative study by Melk et al”* nd d higher serum concen
trations for tnacetylofeandomycin as mdicated by a cup plate assay the
unnary redovenes a[xcr lmcctylolcandom)cm were double those noted after
th;s a result of :m these ccmpammc studies there can be Ittle question
that tr yern Tep d a distnet pharmacelogical advance
over ole;mdom)cm Superior serum concentrations and a higher perceatage i
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wz/Kg The toxc Swoproms @ r2s Wil mravepors dosage mcledsd é~
presson, trmor 2.2, piiomoler 12 ues, comvub ons and espuea on @
pression. When tnacetsloeandemvem was fod t0 ras 1 a diet, a dpression
of groath ra £ was observed cal at the maximun concentration of 1 per cen
shich wonld be equivalnt 10 a dailv dosag~ of 250 to 00 me he Fan
metanorphosss of the liver was o »d ta rats and monkevs on protoneed ad
muystradon of d-ts with relativeh buch levels of tnacen o'eandomycin Thace
chang=s were fapidly reversible and were no ed f0 have petwmed to a Tormat
state withm oes to two weeks zftr the tnacet doteandomven was stopped In
dogs emests could be provoked by admmstenoe dails dosases of 250
mg./hg. body weizht or more dogs were apparenthy resistant to am chanee
m the Liver ot this dosage level and di@ not show ussoe damage of toxnaty in
any of the othar organs studted.

Toacrry STUDIES v Man Oleandomvan tnacetylokand and the
combnation of oleandomycra with tetracychine have all beep shown to have
relatnely low taxscity for man. The majonty of problems er~ountered 1n the
chucal adminsstratsion of these agents are best clasafied 15 annoymg side
¢ffects and are p ity felated to the ) svstem

In reviewing the toueny as descnbed in papers by 14 different authors
1136 patient tnals were noted wath olewndomnyomn side effects were en
countered 1 approumately 3 per cent of these patieats Twenty-one patients
were found to have side effects prumanly related to the gastromtestinal tract
which mcluded nautea tomuting, dizxrhea esopharitis and other mild gastro-
ntestinal complaints Essellier and hesth®™ desenibed druresis octurnng i 12
patirats wath no renat or cardiovascular disease  these were pnmanly youny
adolts and no explanation was given for the phenomenon obserned Two
patients were observed to have @ momthal overgronth i the stool Onlv 1
patent was found to have a skin readmn charactenized by urticaria

When oleandomyctn was ad: iy atleast 3 of 95 patients
tncluded in thes group complataed of dcﬁmtc urtation Asay and hoch® had
2 patients in whom shght local errrtation and erythema were noted at the site
of mtramuscylar mgection Bernstern and Priler’? also noted pam 1 1 patient
who received oleandomyain by the wtravenous route the pan was expen
enced along the conrse of the vein through which mfection was secomplished
Mckanney? did mot state the exact number of patients who complamed of
pant after mtramuscular mjection but noted that many descibed tmmedhate
pain that persisted four to five hours at the sit~ of ingection

Those authors who studied patients for tovicity of oleandomysin as reflected
m the blood lver funcuen or renal functon commentad on the lack of
specific toxesty for these organs Only one skin r=action with urticana sug

gested the possibility of allergic reaction
At the present time there are relatively few papers 1o the literature that
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this disease waith emacition multiple shallow ulcers and a chrome oystilts
noted at the time of postmortem examnation Scbmn et al** also reported an
LD ; of 550 mg /Kg for mee alter satravenous admmmsttation of oleando-
mycm hydrochionde
The effect of oleandomymn on the oxygen consumption of tissues was
studied by Campr Tussue homogenates of the lver kiduey and spleen of
male rabbits previously given mnt doses of oleand were tested
m the Warburg Barcroft apparatus m the presence and absence of glucose
Oleandomyein was found to depress the oxygen consumption of these tissue
h 1 d was noted after miravenous doses of 80 to
160 mg /Kg te the mlact animal The presence of glucose 1n the system was
7 d by less d on of the ption of oxygen by hver and
kidney tissue bat had bule effect on the resulting depression on splemic
tissue the deg of oxygen p after a 10 mg /Kg ntravenous
dose of olcandomyen was d 1 the p of ghucose These
effects were similar but of lesser magnitude than fhose noted by Santarato for
actinomycm € colch and d 1 but greater than
those noted for sarcomycin
Sorenson et af®® noted a depression of waight gain 1 rats to winch oleando-
myain was chronically fed m the diet Studies of weight changes i monkeys
and dogs did not indicate any serwous nutritanal disturbance after prolonged
oral admnistration of this drug Sherman et af* 7 studred the effects of adding
oleandomyam to poultry ratons chicks were noted to have shghtly greater

weight gamns when the dict was suppk with oleandomycin than when
no additive was present
The toxseaty of the b of oleandomy hosphate and tetracycline

was reported by hasser et al ™ on the basts of acute mtravenous admimistra
tion the LD o for msce and rats was found to be 296 and 355 mg /Kg
respectinely Orally the LDy was found to be greater than 5000 mg /Kg
when this matenal was mtrodoced by gastne gavage Chrome oral admanstta
tion to dogs was nof accompamied by any decltne m weight and laboratory
studies of blood cells fasting blood sugars notprotemn nitrogen and urme
mawated no abnormahities Rats that were placed on a diet contmning 2 com
tinatton of oleandomycin and tetracycline for a penod of 16 weeks &id not
show any signuficant mterference with growth rates except when the diet con
tamed 2000 mg /Gm of the drug combwaton per 100 Gm of food Iu
Jimted histopathoto,ical studies on § dog and 2 rats no ewvidunce of growth
or tstological abnormaliies was found attrbutable fo the drug

The acute and chronie toxieity of tnacetyloleandomyain was secently re
ported by Fan et 211 The LDso for intravenous admimstration of this mate
it 10 Tice and rats was 198 and 117 mg /Rg respectnely the oral tovierty
was fow and no mortality was eacountered wath dosages as high as 500
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oms Oleandomyen and tetracyehne individually were responsible for
reactions i only 1 or 2 more patients than the combmation

From these teports it can be statcd that oleandomycin tniacetyloleando-
myctn and the of d with the tetracycl ure rela
tnvery noatowmc ageats nnd hate 2 low rate of prodoenon of side effects Most
of these side effects have been shown to be related to gastromtestnal dysfunc

uon and to mild allergic skan disorders No senous hep y or depres
sant effects on the hematopoetc organs o: :he kudneys hase been noted
Some ntatton has resuhed on p of oleandomyem

An omtment contaiung le!chlme and oleandomycmn was found eﬂecmc
m topical applications with but httle transttory irraation accompanymng she
appheauon of this matenal

DOSAGE FORMS

Oleandomyain as the phosphate salt 1s avalable to the ph m eapsular
form for oral admmstration and m vials for solutions for imjectzon by erther
the rtravenous or mtramuscular rovtes

The daily dosage of oleandomycin in adults has ranged from 1 10 3 Gm
divided nto four to six equal doses capsules of 250 mg pernmt this dosage
with ease It has been shown that severe nfections require imtensne therapy
and better results mught be antierpated wath 2 mummum of 20 Gm dady
when an mdication for therapy exists On such a regimen  peak seram concen
trations of oleandomyctn from 20 to 160 xg/ml serum may be expected
ofter repeated doses Uninary concentrations of oleandomycm may range
from 2 5 10 1000 pg /mt over 2 24 hour penod ®

The pedintric dosage mutally used by Rosst™® was 40 mg /Rg /day w
divided doses In a statement m New and Monofficial Drugs  which ap
peared n the Journal of the Amencan Medical Association® a suggested
dosage for children was 30 mg /hg bedy weight The use of this preparation
w pedatnes has largely been replaced by tnacetyloleandomyen which 15
available 1 palatable suspension form

Oteanclomycin phosphate for igection 1s 4 dry stende powder which s to
be dusolved in ether stenle water physiologieal saline or otone glucose
solution §t may be given by the mtravenous or miramuscular soutss

Tntravenous doses of 250 and 500 mg have been given safely 18 Such doses
may be gven at a rate of 20 mg /musute or as a slow wiusion dosey may be
repeated every six hours or continued as an nfusion for a 24 hour penod *
Maxmum concentraions 10 minutes after completion of the injection of a
single 500 mg dose have been observed between 12 and 21 g /ml 1° Continu
ous mfusions hase resulted sn serum concentrations of oleandomyerm of 1 o
6 ug /ml The pedutnie dosage of mtravenous cleandomycm has been sug
gested at 40 mg /by /day * Asay and hoch' have found serum concentrations
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deseribe the toxicaty of tnacetyloleandomycin Of 196 patients sn three differ
ent series ® % 30 who were treated by the oral route vath this agent 11
patients were found fo have gastromtestinal side effects charactenized by
nausea vomiting diarrhea and soft stools One case was reported by Isenberg
and Kareluz® in which hepattis occurred durmg the admumstration of

leandomyan the of this process subsided after disconting
atson of the drug There have been no reports on parenteral administration
The comt of oleand with tetracychne provided the reviewer

with a much larger number of patients for the evaluation of toxicity A total
of 1642 pauents were mcluded 1 23 separate reports desenbing the oral use
of this combmaton of agents Sty one patients were found to have had side
effects or mild roxicty attnbutable to the oleandomycn tetracychne com
bination by the oral route the rate of occurrence of side effects or tovicity was
shghtly less than 4 per cent As mught be expected with the combmation of
o agents previously wdentified with gastromtestinal rerutation the majorsty
of patients (49 of 61 patiants) had mild to rmoderately annoymng symptoms
referable to the mtesunal tract 31 of these patients were noted to have had
darrhes  Other js bie 10 the 1 tract sncluded
nausea ndh or dyspep distention  flatus  abdominal
cramps glossits and soft stools Eight patients were desenbed as having
esther inflammation or prumntus referable to the volvovagmal area 4 of these
patients were found to have vaginal mombasis Another 4 patients demon
strated the toxicty prmartly m the skin as manfested by a skin rash m 3
and wrtrcania m 1
Manara and Gasparetto reported on prehmnary trials with a water soluble
of tetracychne and ofeand 9 When the drug was admns
tered by sntrasenous mtrapentoneal or mtraplenral rontes no toxie manifes
tations were observed for the hver blood cells blood sugar or renal activity
They noted complete absence of nllergic reactions and gastromtestinal dis
orders tn 18 pateents treated with this agent The only major problem arose

with an untant phlebis after and was more com
monly observed when S per cent glucose was used as a vehicle the phicbits
subsided promptly on conservative and & of the

thera

Thiyuse of an owtment contamng letracychine and oleandomycm for topreat
therapy of skin mfections was described by haneen and Cockeroft ® Minumnat
transitory sitation was noted m some patients on apphcation of this matenal
no other tovietty was noted

Garfinke! and Gobianchn 7 tested the cutancous reachvity of a group of
allergic potwnts jo 10 difl or Pemuedlm pro
duced the bighest number and most sevire reactions wihile the combination
of oleandomycin and tetracychne had the lowest incidence ond muldest reac
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which mclude trple H le ara on of

agents Tablets contmmng 111 mg of each sulfapynmidine and 75 mp of
trsacetyloleandomycin are avalable (Taomud®} an oral suspension @ alse
avalable with the same antiicrobials in shghtly different concentrations
Tablets contamng 333 mg of sulfisoxazok and 75 my of oleandomyan are
also availabfe (Gantnmycin)

USE IN STAPHYLOCOCUAL DISEASE

The mthal chmeal tnals with oleandomyein were described by Ross ™
who found ofeandomyen to be effectnne 1 the management of bactenial pney
moma and m staphylococeal eatetstis Since that ume a considerable number
of papers have appearsd m the b describing the chimeal eff of
this agent To facihtate the evaluaton of of as a hyl
coctal agent an attempt will be made to review the apphcanon of this ant
Brotic to each of stveral broad classificstions of staphylococeal disease

Shan and Sofr Tissues 'The treatment of patients with staphylococeal mfec
Hons of the skin and soft tissues with oleandomyan began a!most xmmedmcly
after its Although oleand was duced
the United States the first extensive reports en the use of this antibrotic m the
treatment of skin infections were made 1 Eutope by Esselber and Kesth
These authors reported on 412 patients who were treated i 2 pentod of 16
months with oleandomyen for & wide vanety of chmcal infections of these
patients there were 10 with furunculosis S wih abscesses and 2 with celln
Iitss All these patients showed a very y tespense to oleandomy
Esght of 10 cases of fur were d with staphyl 1 isofates
The abscesses that were treated with oleandomycn were found 1o contan
staphylococes in 2 of the § patients and all were managed with surgicat drags
age m addition to the antibonic therapy

Shordy thereafter Bunger and Schutze ? reported a senies of 90 patients
treated with oleandamyein of which 9 patients were found to hase furuncu
lonis At least 3 of these were found to have staphylococes as the etwlogical
orgamsm 2 of the 3 patients were noted to have bacteniotogical 1solates dur
mg the course of therapy which were proved by m vﬂro tests to have shown
resistance to pleand after tutal thaler et alt? also
reported on a group of skin !Ica!ed \mh yoin Thuety cases
weze found 1o hawe cultures of the lestons showing staphylococeal ssolates
and of these 21 patients demonstrated prompt response within two to three

The trads msme of .} 8 Roerrg & Co Dovision Chax Plizer & Co for 3 combma
tion of 15 Taomd

tThe trade mame ol Hoﬂ‘mxm LaRoche for a combmanon of sulfisosazole and
oleanadomycn 1 Gantrityen
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of oleandomycin ranging from 10 to 40 g /ml after mtravenous doses of
25 mg /kg
Unnary recoverics after intravenous doses have been noted to be five to six
times greater than those after oral admimistration
Intramuscular njections of 100 mg oleandomycin m saline result m peak
serum concentrations of approxmmately 08 pg/ml! 1n adults 5 In children
12 5 mg /Kg doses gave serum peaks between 2 5 to 40 pg /ml  increasmg
the dose to 25 mg /kg resulted 1n slightly higher and better sustamed serum
concentrations
Tnacetyloleandomyein 1s available 1n capsules (125 and 250 mg ), an oral
suspension (125 mg /5 ml) and as pedatric drops (100 mg /ml }, smce it
1s rather luble no p 1 forms are lable and oleandomycin phos
phate 1s recommended when parenteral therapy 1s indicated
The recommended daily dosage for triacetyloleandomycin by mouth 1s the
same as that for oleandomyetn phosphate ® After single 500 mg. doses serum
concentrations have been noted to peak at about 2 0 pg /ml Repeat doses
may be anticipated to give higher concentrations Reisch et al'ls observed
antibactenal activity equivalent to 3 3 ug /ml of oleandomycin two hours after
the fourth multiple dose of 500 mg every six hours Lower serum concentra
tions were obtained after 250 mg orally n repeated doses by Shubmn et al 1%
The resp to of pediatric prep mdicate that an
oral dosage of triacetyloleandomycin of 40 mg /hg /day 15 quite adequate 1
staphylococcal infections ™ Doses of 10 mg /b (22 mg /khg ) repeated every
six hours were well tolerated by children and resulted in average peak serum
concentrations of oleandomycin tn excess of 2 4 pg /ml 97
Combinations have been available with 1 part oleandomycm and 2 parts
te(mcyclmc in fixed proportions Oral preparations that formerly contaned
y and tet 1 have been replaced by those substituting
triacetyloleand yein for the leandomyein p prep retam
the soluble ol h: These b ate le as
capsules for adults and asa slrup suspension and pediatric drops for children
Glucosamine 15 also an additive 1 some preparations ¥
Dosages of these matenals parallel those recommended for the single
agents Serum concentrations have been discussed previously m the section
on pharmacology differential assays of serum concentrations of the mndividual
components add htle to the general understanding of the clmical actvity smce
1n vitro tests of serum show that ingestion of the combmation has little addi
uvc Jctmty ou:x that noted for tclracychne alone **
of triacetyl are lable for oral use

"rhe trade mrnc of Chas Pfizer & Co for a combination of oleandomycin and
15 Sigi for the hate buffered v for

the with Cosa
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other skm mfections charactenzed by pyodermas or impetigos has been
described by Kancen and Cockeroft™ and Cappelli #* Cure or marked m
provement in these skin conditions was noted 1 most nstances 1 which the
staphylococer were 1dentified as the bactenal solate Topical therapy with an
otntment was employed by haneen and Cockeroft while conventional systerme
therapy was utiized by Cappellt

There have been arguments d to 1 hyl n the
perpetuation of severe acne It 15 not surpnising therefore to find that ant1
brotics administered systemually have been tried mn the control of this disease
Shwbin! ® described the use of the combmation of oleandomycin and tetra
cycline for other conditions in 8 patients who had moderate acne vulgars the
acne cleared duning this therapy and this was interpreted as bemnp more
impressive since these patients had only a fair response to prior therapy for
the acne Strtzler and Frank!® employed a low dosage regimen of the com
bimation to treat acne 250 mg of oleandomyein tetracychne three or four
times daily for three or four days up to one week was followed by 250 mg
daily for penods ranging from oné to six months Comparisons were made
with tetracycline and oxytetracycline alone as well as with sulfonamides and
another combination The most marked 1mprovcmenl after three months of
therapy was noted with the tetracyct or with
tetracycline alone the fewest relapses occurred also after the use of the
These authors also noted that the
smallest percentage of resistant orgamsms followed the use of tetracychne
alone or the with ds They also ded that ant;
biotics are just as effective im papular as m pustular acne

Other large scale trials of the combrnations for acne were reported by
Lewis et al®! as well as by Cornbleet and Furestern ¢ more than 80 cases of
atne were treated n these two senes with good results 1 approumately
80 per cent of the cases Details as to cultures and individual case responses
are lacking mn these reports

Hldrademus suppurativa has been reponed to be favorably influenced by

and the it of d and tet; line 13 A
major problem 1n the evaluation of chemother2py 1n this disease is apparently
related to the lack of accurate dragnosis A total of 11 cases are included 1
reports 1 € 98 13% deseribing the use of the combination of cleandomyem and
:elracyclme with good results Cure of the chrome state or prevention of the
of multiple at from the acute nfection 1 the sweat

glands has been reported by various observers with the combination

The use of cleandomycin 1n conjunction with tetracychne m the manage
ment of surgical infections of the skin was mtally reported by LaCatlle and
Prigot ® 1n a large senies of cases 1n which etther tetracychne or oxyletra
cycline was employed with oleandomycin less than 10 per cent of the patients
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days of treatment and healing of the lesion within one week No new furuncles
were noted dunng the course of therapy Five additional patients showed con

derabl P while the der had less it Y
or no response at all to this medication

More recently Muth and Weyer® reported a senes of patients with derma
tological Tuding 27 cases of fur The chmueal response
was quite satisfactory and simular to that described by other authers Shoch® ¢
also descnibed a series of d H 1 problems mcluding 12 pyodermas
Although no bacieriologreal sdentification of each of these cases was made
8 of the 12 patents healed promptly One was improved and 3 were not

fl d by the ation of oleandomyecmn

‘The combination of oleandomycmn with tetracychine has been reported 1
the United States more frequently than oleandomsceim alone m the manage
ment of staphylococeal skin snfections Carter and Maley * utilized the com
b of oxytetracychne and ofeand or tetracycline and oleando
mycm i the management of 74 patients from whom staphylococcal organtsms
were 1solated a vaniety of soft tissue infections eluding celiuhtis were listed
but the report does not permut 1 as to the effect s of these
combinations 1n mdividual cases of staphylococeal skis disease Winton and
Chesrow! © described 24 cases m which staphylococer were 1solated as pure
cultures or as part of a mixed culture from a varety of soft tissue mfections

P

Al of these patients responded 1. ly and were with thera
peutic programs from 2 to 21 days n duration
The of furunculoss with combined therapy was reported by

Shubms ! ¢ who treated 6 cases due to resistamt staphylovocer with 500 mg
four tumes daly for one week and 250 mg four tmes daly for twa weeks
with exceliont results Hagen and Scheffler® reported 5 cases of furunculosts
due to hemolytic staphylococer which were handied with a regimen sunilat
o that of Shutin Moradar and Tate™ employed dosages of 750 mg to
1 Gm sday of the ¢ n n the of § cases of furunculosss
with cures obtained w all they noted a rapid subsidence of ceflulis and a
halting of the necrotic pathology of this disease Many other authors®® & 4
£ 68 T1 & 81 8 1 IU have gnchaded cases of furunculosrs i thesr senes of
those treated wath 2 b of d and tet 1 n many
of these cases the offending orgamism was not 1solated and the role of staphy
fococes can only be presumed There can be httle doubdt that the use of antt
Biotics tn the more severe cases of furunculosts has met with some success
but 1w the absence of a control seres treated by the usual conservative hot
soaks as welt as by sncision and dramage 1t 15 difficult to determing the effec
tneness of this combination Furthermore the superionty of the combmation
over the single aotistaphylococeal drug has not been demonstrated

The use of oleand and 1ine comt m the of

¥
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adult as well as the pediatnc group wuh excellent results in three to eight days
Only 2 of these cases were posit d: with staphyl 1 infection
Four additional patients mlh furunculosls were treated by Isenberg and
Karelitz 7® Three of the 4 showed satisfactory responses while 1 failed to
respond to tnacetyloleandomycin Mcllman et al“’ reported 5 cases of pyo
dermas and at that responded to it and from which
staphylococe were isolated
The largest settes of skin mfections treated with tracetyloleandomycin was
reported by Olansky and McCormick 1 a total of 61 patients with various
skin infections showed approumately a 75 per cent response rate to this ther
apy Best results were obtamed m fur il and
recurrent pustular eruptions of the hands and feet Of 40 patients with pustular
acne 25 were noted to have had excellent results and 9 had good results
Although there was clearmg of staphylococct and the acne bacillus durmg
with tr relapses were noted after cessation of
therapy with reappearance of the orgamsms 1 the pustular lesions
Lemung et al*® reported a 100 patient trial of triacetyloleandomycin m a
variety of skin infections from a surgical service Eighty three isolates of
Staph aureus were obtaned out of a total of 128 gram positive organisms
from these lesions Only 1 patient was said to have had a fair response with

excellent responses reported for 80 per cent of patients No failures were
noted

It would appear that t 1 d and the com
bination of oleandomyein w;th one ot' the tetracyclines are all effective 1n the
of various stap! of the skin In many of these

conditions conservative management with heat hot soaks or surgical dramn
age 1s all that 15 required to control the mfection but the prompt subsidence
of and the p: of of the lesion have been
thou ht by many investigators to justify the use of these antibiotics Because
of the short duration of therapy for these skin infections side effects or com
plications have not been encountered frequently

Preumonia and Empyema In the report of the imitial clinieal trials of olean
domycm Ross™® included 20 cases of bacterral pneumonia which responded
satisfactonily None of these 20 cases was 10k as being of
origin Because of these successes in acute bactenial pneumomnia 1t was natural
to anticipate that oleandomyein would be effective 1 the treatment of staphy
lococcal pneumorua

Bernstem and Puller'® described 10 bactenal pneumomas and 1 case of
empyema the latter and 1 case of bactenial pneumoma were found to be
associated with staphylococeal 1solates One patient had a ‘bronchopneumoma
superimposed on a picture of chronic emphysema of the lung and bronchitis
he had already been treated for 13 days with pemeilin dunng which time a
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were shown 1o have bacterial ssolates of pathogenic staphylococer Al cases
were apparently favorably d by the annb b but surgy
cal mtervention was not prevented hy r the de and maid of
surgical mterventron were thought to be reduced A componison with series m
which no antibiotic therapy was employed 15 not available

Morador and Tate™ bisted 20 patients with wound infections associated
with staphylococcal wsolates 13 of these had pure cultures of staphs lococer
while 7 patients were found to have mixed mfections wuth a Staphylococcus
as one of the 1ofates With a maximum datly dosage of 1 Gm of this comby
naton cures were obtamned in alf of these patients Henne® also described the
use of the combination of these drugs i the management of wound infections
with good results

"The topical apph ofa : of oleand; and i
1 powder form to accelerate the rate of cicatuization of experimental wounds
was reported by Signer and Vines 3 These resalts ware sumslar to those noted
for erythromyan m a previous Study

The of ab with cc of antibioties ncludmg
oleandomycin and one of the tetracychnes was reported by many authors @
68 85 B 6T MM T {Infortunately It 15 not possible to determine from
these reports whether the combmation of antibiotics 15 supenor to either of
the agents alone Most reports also do not mdicate whether surgical drawnage
was necessary 1n each wnstance It docs appear hkely however from the
reporis on the use of this combination of oleandomyemn and tetracychne 10
the of cefiuhus that locahzed y tissue may be
prevented from developang into abscesses® * 19 and that extension of infec
tion can be controlled by the anubrotcs

In the management of acute puerperal mastiis LaCaylle and Prgot mitiafly
reported m 1956 the successful use of oleandomyen with either tetracychne
or oxyletracyeline m 7 potients More recently Febles and Biderman®® de
scribed good responses i 85 per cent of the patients treated with oleandomy cin
and tetracychine Three of 20 patients showed relatnely poor sesponse with

pT d dung surgical d an add { 3 patients required
3 though the resp to the must be dered good
smce suppuranon had already developed prior to ad of the antt
biotic  These mthoss noted that mfecton was Jmied by the wse of ths
antibiotic combination and that there were no comphications resulung from
the employment of this therapy

'I‘n:\celylole:mdom)cm has not recetved as mary extensive chimcal trials in
the shert :ntenval since sts clinical mtroduction however it has proved useful
sn the management of vanous skin fections 1% Shubin et al®®® treated 6
patients with turunculosss or cellulitis due to staphylococeal infection with
rapid mproternent af wstances Wengnersten®®s treated 15 patenis i the

1
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gulase posisve staphylococer Eight of these patients with staphylocoeeal
natory disease recovered complerely with no scque!:\e One patient with

roviscoidosss and supentmposed staphyt P showed
wosement while ons the of domycin and et tne this
ent subsequently dred after recovery from this acute zespiratory disease
v mher 1nfm1s {aged 6 and 7 mouths resp ) with muco: d
staphyl t br died while on with this ant
i© combnation Thc rchmely poor tesults obtamed vith most antibiotie
-mens i resp P posed on mugey ok are not
uragieg ard zhe of oleand and Lme has not

cerally 1mproved the results with supenmposed snfections i this disease

ara and Diaz' also reposted on staphylococcal mfections of the lower
ascatory tract but specafic mformation 1s lacking on the pueumonie protute
suntered and the chimeal results

acute bacteral d with staphy} 1 an! hase
& fully treated with tn d 87 530 18 Tgenberg and
chtz 3 reported 1G cases of pneumonm due (o Staph aurens with good
its on wath smilar expenences were

‘med by Metlman et a7
woudd appear that excellent results can be obtamed i the majorsty of

‘s of acute bactenal p ly these due to staphyh
n itcalmcm I camed out with ol-:andomscm tmcetyiolcandomg,cm or
 of with The

hcsc authors appeared to be somewhat slower than that genemny q};mmed
' pemifim but there appeared to be no greater number of comphcations
'y these were employed Severe t pathol
% such as chrome bronchsal disease or mucowiseordosts reduced the cffee
Fiess of thus antbactenia] agent when a complicutmg pneumont was
ced this bas been noted also for other anhibiolics

# small number of cases of empyema and have been
%rted to have been suc:essfuﬂy treated by n!e;mdomycm B8 4235 pogt
zese cases had been § with stap and required

1o three weeks of therapy for spccessful management of these ilinesses
uption of the effusion apparently occurred m some while suzgical mter
- ton was necessary 1 other cases The duranon of therapy for successfol
apement gcncxaﬂy ranged between 14 and 25 days Bernstemn and Piller®
2d out the 5 at ta oleand: i 1 case of pul
;ary abscess that reqeued prolonged therapy Since the emergence of
tance has been shown to occur m vitro after several transfers of orgamsms
sedia contatrung oleandomycin 1t would appear that there 15 suffictent
ice to antiipate compheations resultmg frora the emergence of resistance
Jgantsms to thig ashbsoie The management of such cases warsants the
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lung abscess developed The patent was then freated with oleandomyem
3 Gm daidy for 7 days and 1 S Gm daily thereafter Improvement was noted
with dummution of fever a reduction 1n leukocyte count and a decrease
the amount of sputum On the cleventh day of therapy it was noted that the
b d teandomycin The patient with

1 1solates rated to
empyerna had been treated for a month wuth pemcillin and steeplomyem
owing o the development of resistance and the fadure to respond completely
the patient was then treated with oleandomycn Within 10 dags the patient
became afebride A subsequent rise in terperature prompted nib resection and
dramage of the empyema A second course of oleandomycin was undestaken
after & 14 day terval m which no antibiotics were given the patient re
sponded with the combined therapy but on the twenly third day after the
second course of oleandomycin had been started pew bactenal isolates were
demonstrated to show marked resistance to this antibiotic

In the report of the extensive chmcal trial of oleandomycin by Esselher
apd Kewth ¢ 15 patsents with preumonia and 7 patients with pleuropneumona
were found to have staphylococas as the major solste 1 the sputum Al these
patients had a favorable response and apparently were no more difficult to
treat than other bactertat preumonias Within two fo three days aflter the start
of therapy significant chmeal 1mprmemcm ocenrred n the panents with

and marked was noted regularly

1n five to seven days The patients wsth pleurmc volvement required four
to five days for the remission of fever and up to 14 days for major umprove
ment of lung shadows and pleural exudate T»\o cases of pleural mm[\emcnt
went on to form empyerma but this ! with oleand:
Bunger and Schutze ® also successfully treated 17 of 22 patients with b::c(crml
preumoma the bactenological findimgs 1n these cases incloded preumococct
streptacocct and staphylococer but the number of staphylococeal snfections
was not indicated i the paper Other reposts of the use of o!eandomycm m
the t of p 9 18 N app je but the t
studics are not reparted m sufficient detadd to permit conclusions on the effec
tveness agamst staphylococcal pneumona

Allhﬂugh a }:zrgc number of authors! 3 SF 63 83 7 7 81 85 10 304 M 11
3 3% 1% hage reported on clinical trals with a combination of cleandomyain
and the tetracyclines tn patients with vanous diseases of the lower t:spumory
tract mefuding acute b H only an I case 5s L
1n sufficient detal to mdnca:c a staphylococeat ongin and an effectnve thera
pestic result A notable exception s a report by Ameal** on the use of an
antibtotic combmation a the of acute tesy f s child
hood 8 children were severely 3l with overwhelming ml'ecuons while 42
chiidren had acute respiratory infecions of varymg seventy Eleven of 37
children from whom bactertal cultures were obtained were found to have
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coagulase positive staphylococcx Exght of these patients vath staphylococcal

p y dxseas: pl , wuh no scquelae One patent with

and d showed

while on the b of d and tetracycline this

pauem subsequently died after recovery from this acute tespiratory discase
Two other mf;xnts {aged 6 and 7 months tesp ly) with

and staphyl died whife on with this anti

botic combination The relatively poor results obtamed with most antibiohic

egmens m resprratory i on are not

ging and the of oleand and yeline has ot

materially smproved the results with superunposed iafections  this disease

Lara and Diaz® also reported on staphylecoccal mfections of the lower
respiratory tract but specific information 1s lacking on the preumome prctire
encountered and the chneal yesults

Acute bactersal p d with staphyl ] hae
been treated wath tr loleand: a7 9 10 318 Isenberg and
Rarehtz™ reported 1D cases of pm:umoma due to Staph aurens with good
tesults on with t d smilar e €5 Wexe

reported by Meliman &1 al @
¥t would appear that excellent results can be obtamed 10 the majorty of

cases of acute bactenal p P farly those due to 1
when treatment 15 carned out with oleand teand or
the b of with y The resp obtaned

by these authers appeared to be somewhat stower than that generally obtained
with perucitin but there appeared to be no gr:aler number oi complications
when these were emp! Severe & y pathol
ogy such as chrome bronehial disease or dosis reduced the effec
tiveness of this anubactenal agent when a complicating preumoma was
treated this has been noted slso for other antiboties

A small number of cases of emp aad puk Y bave been
reported 10 have been , treated hy leand ¥ e 4 13 most
of these cases had been a with staph e and required

wa to three weeks of therapy for successful management of these ilnesses
Absorptwn of the effvsion apparently occurred in some  while sergscal inter
vention was necessaty m other cases The duration of therapy for successful
management generally tanged between 14 and 25 days Bernstem and Pillert®
pomnted out the develop of 10 yein an 1 case of pul
monasy abscess that required prolonged therapy Smce the emergence of
resstance has been show i to oceur 1 vitro after several transfers of organssms
m media contaiming oleandomytn it would appear that there 15 sufficient
evidence (o anheipate compheations resuling from the emergence of resistance
of to this antib The of such cases warrants the
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use of maximal dosages (20 to 30 Gm /day) of oleandomycin to ensure
carly and prompt healing so as to avoid the problems of subsequent resistance
Several clinical n,ports“ © 833 are avastable that descnibe the use of 2

of domycin and tey line m the of em
pyema Samas ctal' lhsted 2 cases of empyema of the chest assucmted with
i m which efi use of the antib

was made subsequent to decorticatton they also desernbed 5 other cases of
staphylococcal empyema that occurred postoperatively mn a vareety of surgical
prablems 1n which good results were obtamed 1n 3 of the 5 patients The poor
results were assoctated with intolerance of the drug m 1 instance and with
a foreign body that mterfered with the healing process in a second case These
patents were treated for a period of 8 to 30 days and with dosages of the
mixture ranging from 1 to 2 Gm /day Ameil** treated a 3 month old mfant
with staphylococcal tension pyopneumothorax by oleandomyen tetracychine
combmed therapy with good results An msufficrent number of cases 1s reported
m the lterature to indicate that empyemas of smphylocuccal orign are mofe

fully handled by a bination of of yon and hne than
by oleandomycin alone A major advantage that might have been observed m
these cases would have been the delay in of to oleand:
mycint

Approximately 10 patients with pulmonary abscesses have been treated with
the combmation of oleandomycin and tetracycline as reported by vanous
authors 1 ¢ 8 19 The bacteriology was not clearly assocrated with staphylo-
coces 1 all of these cases but a relatively high response rate was noted in this
small group of chtmcal trials Only 1 case to date has been reported i which
a staphylococcal pulmonary abscess has been successfully treated with
tracetyloleandomycim 130

From these fimited chrucal toals 1t 1s suggested that oleandomycin and

triacetyloleandomycin may be used fully m the of the

more severe and pl 'y infe m which empy and

pulmonary abscesses are found Since to the )3

anubrotics may readily occur m these diseases the oleandomycins m:\y be
t d with P however swice these diseases are

associated with a slower response and a need for prolonged lhcmpy the dan

ger of the emergence of of the inf 1

cannot be overlooked The use of these agents should not be dcmed however
on this theoretical basis The number of cases 1n which combination therapy
of d m with a line has been employed 15 snadequate to moke
compansons on the superionty of the mixture over the single drugs

Sepncenma and Endocarditis B and especally those
with endocards provide one of the most scvcrc tests of chnical effectiveness

for any antibrotic Because of the q of hyper
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semstinvity reactions 10 patents and because there appears to be jncreasing
renstance 10 many of the commonly employed antibioties among clumcal
staph 1 1solat peciatly those 1n hospitals-—-t was fitttng to employ
d in the of

Twa of the 4 cases of sepsis reported by Esselher and Kewh! were noted
1o have had posttive blood cultures for Stapk ourens m both mstances prevt
ous antibsotic therapy had been meflective One patient was treated for 42
days with 3 Gm of olesndomyan daily this patient became afebnle after
three days and showed rel: rapid 1mp t with 2 & m
tenkocytosis and the absence of bactenal growth n subsequent blood cultures
The stcond patient was treated for 20 days with 3 Gm of oleandomycin datly
a chinical response was obtaned wathin four days as the patent became
afebrde These authors alse noted the disappearance of assotiated urinary
tract snfection from which presumably the infection ongually developed
Essellier and herth®® reparted two other bacteremyas and seplicemias that were
ot d with staphyl 1 but that responded 10 oleand:
myeun

Siegenthaler et al *3 i thew description of 216 patients treated with olean
domyein hod 4 cases of sepsis 3 of the 4 cases were assoiated bactenolog
eally with staphyloceceal infection but only 2 were proved to have had post
e bload cultures Of the 2 patients with positiee blood cultuzes 1 had a

£ ¥y sesponse to oleandomycm while the other showed a relapse after

a temporary suppression of the bacteremma A patient with staphylococcal
pyarthrosis was successfully treated although blood cultutes were negatne
after the third day the contimuation of fever and the local jomrt disease re
quired surgical drainage The staphylococet recovered from the jomnt on the
eighth day after of d therapy d
resistance to this antibsoue at this time The second patient with staphylo-
coceal bactererma showed a response after three days with 3 Gm of mtrs
venous oleands dmly 1 Gm it datly for two
days and 250 mg on the third day were admmmstered prior to the change to
oral therapy Withan 36 hours there was a significant reduction w the number
of staphylococcal colomes as detected on the blood culture plates however
four days fater there were as many colomes noted on culture as at the begm
ning of therapy ¥t was noted also that the organssm had emerged resistant 1o
oteandomyen A critical review of this case led the authors to beheve that
tradequate therapy had been responsible for this reatment fadure

Muth and Weyes™ reported a case of staphylococeal sepsis 1n which an 1s0-
Iate reststant to pemscillin and streptomycin was obtamed from the sputum
Prior to treatment postive cultures for staphylococct were obtamed from
eultures of the sputum stool unne and an sbscess after therapy the sputum
and unne temained stenle and the wound had healed
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Bunger and Schutze ° described a case of staphylococeal sepsis with asso
cuated diabetes mellitus This patient responded to oleandomycin only to have
a second episode of bactererma which responded to tetracychne therapy
These authors also reported 1 case of staphylococcal endocarditis among 3
cases of endocarditis who recovered after being treated with oleandomycmn 2
detailed descriptton of the course of therapy was not given but a follow up sic
months later mdicated the patient to be recovered from the disease

No other cases of staphylococcal endocarditis successfully treated with
oleandomycin are known to the reviewer Esselher and heitht as well as

Porchet!?® have reported on oleandomycin 1n the ful of
d ditis due to strep of either the a hemolytic or the nonhemolytic
vaneties
A few patients with b treated by a 1 of d n

and tetracycline have been ncluded in several series of chmcal trals ¥ & 7 8
Four cases were noted to be associated with blood cultures of staphylococtt
3 were apparently treated successfully One of these patients recerved a varety
of antibiotic agents so that the exact role of the combmnation of oleandomyen
and tetracychne n the therapeutic result cannot be completely defined No
major differences m response to the combination of antibiotics as compared
with oleandomycin alone could be determmed 1n this small group

Two pattents with endocarditis assoctated with staphylococcal 1solates have
been treated with combined antibiotic therapy One of these cases appears in
the report of Cupples and Perry ¥ their patient a 41 year ofd woman devel
oped a septic state after a miscarriage Imitrally a cervical discharge was man
aged by antibiotic therapy and temporary improvement was noted she was
discharged from the hospital on the twelfth day She was readmutted 7 days
Inter with fever heart murmur shght aneria and a suggestion of spleno-
megaly A blood culture taken on ad bsequently d d growth
of a Staph aureus ‘Treatment intially d of p and novobiocin
Failure to respond by the tenth day prompted the use of ch 1
which was later augmented by therapy with erythromycin After five weeks of
unsuccessful antibiotic therapy the patient was placed on oleandomycn and
tetracycline  The temperature responded within two days and remamed
within the normal range thereafter The patient recenved 500 mg of the mix
ture of drugs every four hours for a total of 74 days a total dosage of 222
Gm of the mixture was used The patient had negative blood cultures dunng
the course of therapy and for a four day period after the completion of
therapy A threc month follow up indicated that the patient had recovered
from the infection although there was residual heart disease

Hofiman®! Iisted 2 patients with endocarditis 1n his seties of 73 patients
treated wath the combination of oleandomycin and tetracychine Onc of these
patients was found to have a mixed culture of staphylococer and enterococer
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therapy at a dossge of 2 Gm of the muxture per day &id not nfiuence the
clinical course and the patient died after three days of ulcerative valvular
endocardits Another patient with endocarditis 1 their series was observed on
blond culture to have a Strepfococcus verdans and was successfully managed
with the combimation of the two drugs

To date the chmeal with loleand as reported 1n
the Iterature have not mcluded any cases of bacxcmma or endocarditis
In 2 panel @ of the 2 of I e at

the Sixth Annuai Symp on 1t was the that ofean
domycm appeared to be one of the weaker antstaphylococcal agents and
therefore was not recommended nor found to be widely used m the manage
ment of severe blood stream mfections and particularly those caused by
staphylococer In summary the Iimuted chmeal trals with oleandemy<mn and
with a comb of domyen with fine ndicate the possible
ful of when the inf appears to be due
to staphylococcr The few instances i which endocardiss has been treated
with oleandomycm or the combination suggest that at best thus drug 1 effective
1 only approxsmatefy 50 per cent of cases
7 hts The of litis with b has changed
materally the management of patents with this disease  the ncreanng et
dence of resistant staphylococeal 1solates has rmsed the problem of whether
the gawos in therapy of osteomyehtis can be mauntained The use of each new
effective antibrotic agamnst staphylococcal mfection has been pursued by the
orthopedic surgeon
Essethier and hetth* first described the use of oleandomytim 1n osteomyehitis
with the successful monagement of 3 cases out of 4 Three of the cases of
were d with ssolates 2 had been chrome
cases of 8 and 12 years duration These pauents were treated for 36 and 42
days respectively fever responded to therapy m eght days and a general
mprovement in dramage and closure of fistulas occurred Another case of
osteomyelins with a Staph aureus showed no significant response after 20
days treatment with oleandomycin i spite of the fact that the acterological
isolates at this time showed a

Yy ar e to
oleandomycn

A greater number of au‘hmsﬂ 305 85 95 106 135 415 1519150 35 have
commented on the use of ol m b with tetracyehine i

the treatment of osteomyehtis A total of 79 cases of osteomyehtis were re
ported of which 3% could be positively 1dentified as haviag Staph aureus
the drainage ‘The results were descnibed by the authors 2s excellent m 28 of
these cases pood m 22 fmr of improved 1 6 cases with treatment being
continued and fafure in 4 The responses of 19 of 25 patients 1 the series
zeported by Romana et al'?® were not desersbed
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Bunger and Schutze © descibed a case of staphylococcal sepsis with asso-
ciated diabetes melltus This patient responded to oleandomycin only to bae
a second episode of bacterenua  which responded to tetracychine ther>py
These authors also reported 1 case of staphylococcal endocarditis among 3
cases of endocarditis who recovered after being treated with oleandomyem 2
detaled description of the course of therapy was not given but a follow p s
months later indicated the patient to be recovered from the disease

No other cases of staphylococcal endocarditis successfully treated with
oleandomycin are known to the reviewer Essellier and heitht? as well 2
Porchet® have reported on oleandomycin 1 the successful treatment of
endocarditis due to streptococer of erther the a hemolytic or the nonhemolyte
varneties

A few patients with bacteremua treated by a combimation of oleandomyeit
and tetracychne have been included in several senes of chnrcal traals 3 & % ®
Four cases were noted to be associated with blood cultures of staphylococct
3 were apparently treated successfully One of these patients recened a varety
of antibiotic agents so that the exact role of the combination of oleandomyeit
and tetracycline i the therapeutic result cannot be completely defined Mo

major diff n resp to the \: of b as compared
with oleandomycin alone could be deterrmined 10 this small group
Two patents with d: d with staphyl al 1solates have

been treated with combined antibiotic therapy One of these cases appears It
the report of Cupples and Perry ! their patient a 41 year old woman devel
oped a septic state after a muscarrrage Initrally a cervical discharge was roan
aged by antibiotic therapy and temporary improvement was noted she was
discharged from the hospital on the twelfth day She was readmitted 7 days
later with fever heart murmur slight anemia and a suggeston of spleno-
megaly A blood culture taken on ad: bsequently d d growth
of a Staph aureus T mitially dof p Mhn and
Failure to respond by the tenth day prompted the use of chloramphenicol
which was later augmented by therapy with erythromycin After five weeks of
unsuccessful antibrotic therapy the patient was placed on oleandomycun and
The p ded within two days and remawmed

within the normal range thereafter The patient received 500 mg of the mix
ture of drugs every four hours for a total of 74 days a total dosage of 222
Gm of the mixture was used The patient had negative blood cultures dunng
the course of therapy and for a four day penod after the completion of
therapy A three month follow up indicated that the patient had recovered
from the nfection although there was residual heart disease

Hofiman™ hsted 2 patients with endocarditis in his senies of 73 patients
treated with the X; of di n and tetracycl One of these
s was found to have @ mixed culture of staphylococcr and enterococct

patient:
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groups® 128 1n the treatment of unnary tract infections Approxmmately 140
patients were reported 1n these chinical tnals Staphylococer were 1solated from
the urme of 19 patients with urinary infections Thirteen patrents had good
results with 4 of these apparent cures 5 patients were improved 1 case was
complicated The dosage of oleandomycin n this mixture was limited to 0 45
Gm /day n one series a more vigorous regimen 1n the other series provided
a daily dosage of 15 Gm of oleandomycin? ¢

Of 16 patients treated with tnacetyloleandomycmn for unmary tract mfec
tions 97 1 © 146 only 2 were shown to have staphylocaccal tsolates the results
were described as excellent for both patients 147

From these results there can be httle doubt that oleandomycin or triacetyl
oleandomyein should be effective m urmary tract infections associated with
susceptible staphylococer The dosage of combinations of oleandomycmn with
either tetmcyclme or sulfisoxazole may provide less than optimal tissue con

of if the hyl were resistant to the other

member of the combwnation an unfavorable result with the combination mmight
be explamed The climcal results after large scale use of oleandomycin or the
combinations will provide a better evaluation than 1s possible now however
the chromcity of infection especially with stasis factors m the urinary system
should make the ph wary of nad dosages of an
coccal antibiotic

SUMMARY

Oleandomycin and leands have been shown to be clinically
effective against a variety of nf diseases d with )
Because of the low toxicity and mfrequent side effects with these agents they
should be constdered tn antistaphylococeal regimens  The antibacterial actrvity
of oleandomycin 1s somewhat lower than that of other agents but this should
not be a deterrent to its use w'hsn staphylococcul 1solates are found to be
resistant to the )} ple The phan k 1 supert
ornty of tr loleand over oleand makes 1t the choice for oral
therapy whenever these drugs are indicated
Clinical mndications for its use would certainly nclude infections of the
skin respiratory tract and the urmary system when due to staphylococc: or
other susceptible gram positive bacteria The problem of cross resistance with
other macroltde antibiotics should be sufficient reason for care m the use of
or 1ts denvatives for due to P the
of of hyl to d may also It the
use of other macrolide antibiotics  Although 1t has been found to be effective
m certam bacterenuas and endocarditis 1t does not appear indicated except
1 rare nstances the gravity of these mfections should be reason for selecting
the most potent to which the s
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The largest single series of patients with osteomyeliis was desenibed by
Ottolenghi et al,*® the imtial dosage employed by this group was 1 Gm of the
mixture every 24 hours, the duration of therapy ranged from 14 to 78 days
Four additional cases were reported in their series i which other gram
positive orgamsms, chiefly streptococer were found as etiological agents None
of the cases was characterized by gram negatve bactenial 1solates One cannot
help but wonder whether equal dosages of oleandomycin alone would not
have been equally effective or just as useful for therapy as was the muxture of
oleandomycin and tetracycline

To the present time only 1 casc of osteomyehus has been reported as having
been treated with tnacetyloleandomyein #* This was a 7 year old child who
was successfully treated with triacetyl domy when other b
regimens had falled to bring about improvement The response 1n the first three
weeks after imitration of triacetyloleandomycin was very gratfying and the
child was ultimately discharged to continue therapy at home

From a survey of these results n the management of osteomyeliis 1t would
appear that oleandomycin triacetyloleandomycin and the combimation of
oleandomycin with tetracychne are all effective 1n this disease Many of the
acute cases of osteomyelitis showed dramatic clincal improvement so that
surgical drainage was not necessary Chromic cases frequently showed marked
clinical improvement so that additional operative procedures were entertained
and performed with healing or marked improvement In spite of the chromaty
of this disease the number of failures reported as the result of emergence of
strains resistant to oleandomycin 15 relatively low for the total number of cases
reported Unfortunately the lack of sufficient comparative studtes does not
permut a defimtive concluston on the ment of oleandomycin alone or com
bined drugs with oleandomycin as the chief antistaphylococcal agent i the
prevention of of resistant hyl 1solates 1n the treatment
of osteomyelitis

Urinary Tract Inf phyl are 1 invaders of the un
nary tract Of 212 patients with urnary tract infections mncluded m the reports
of climical trials with oleandomycin 12 0 4 110 13 141 47 were found to have
staphvlococer 1 pure or mixed cultures Falure of treatment was noted in
6 cases while the remamder were improved or cured Stenlization of the urine
was accepted as the criterion for cure

Ninety five patients with a wide vanety of unnary tract infections were
noted 1n seven reportst 63 €5 104 112 13 10 of clinical trials of the combma
t1ion of oleandomycin and tetracyclme Roughly one half of these cases were
reported with identification of the etiological bacteria Only 17 patients were
noted to have staphylococcal 1solates The response was excellent in § patients
r controlled 1n 10 patients and fair 1n 2 cases

factory of
sat‘liac x:y tion of domycmn and was employed by two
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groups®® 1% 1n the treatment of unnary tract infectons Approumately 140
patients were repotted in these chimeal tnals Staphylococer were 1solated from
the unine of 19 pauents with unnary nfections Thuteen patwents had good
results with 4 of these apparent cures S patients were unproved 1 case was
comphcated The dosage of oleandomyamn i this mixture was himsted to 045
Gm /day 1n one senes 2 more vigorous regimen mn the other senes provided
a daily dosage of 1 5 Gm of oleandomycmn * ®

OF 16 patients treated with triacetyloleandomyein for urmary tract infec
tions ¥ 130 148 ouly 2 were shown to have staphylococeal isolates the results
were descnibed as excellent for both patients 14

From these results there can be little doubs that oleandomycin or tracetyl
ocleandomycin should be effective i unmary tract infections associated with
susceptible staphylococer ‘The dosage of combinations of oleandomyain with
aither tetracyclne or sulfisoxazole may provide less than opumal tissue con

of if the ! wete resistant to the other

member of the corntination an unfavorablc result with the combration might
be explamned The chmeal results after large scale use of oleandomyein or the
combmations will provide 2 better evatuation than 15 possible pow however
the chromcaty of mfection especsally wath stasis factors m the unmary system
should make the physician wary of madequate dosages of an antistaphylo-
coceal antibiotic

SUMMARY

Oleand and & ! ! have been shown o be chmcally
effective agawst a vanety of mf diseases d with stap
Because of the low toxioity and mfxequem side effects with these agems they
should be d in The antib 1 activty
of oleandomycsn is somewhat lowcr than that of other agents but this should
not be a deterrent to ns nse wben staphylococca! xsolales are fouud to be
resistant 1o the The k 1 supert
orsty of loleand: over teand: makes it the chorce for oral
therapy whenever these drugs are ndicated

Climesl sadications for sts use would certainly mclude nfections of the
skin tespiratory tract and the unnary system when due 1o staphylococn or
other susccpublc gram positve bacterra The problem of cross Tesistance with

other should be reasont for care mn the use of
yoim or sts ¢ for due to P the
of of 331 10 oleandomycin may also hrut the

use of other macrohde :mtxbumcs Although 1t has been found to be effective
in certain bacteremuas and endocarditis 1t does not appear sdicated except
i rare mstances the gravity of these mfections should be reasont for selectimg
the most potent to which the 15




90 ANTIBIOTICS MONOGRAPHS | 12

The use of oleandomycin 1n fixed combinations with tetracycline and sul

ﬁsoxazole has been rcportcd effective n all the prcvmusly mcntmned chmcal
d with hyl

has also been reported to have been successfully lreated 50 Although mviting
arguments can be presented for the use of fixed combm;\uans it uould s::m
that full therapeutic dosages are ind d wh T
therapy 1s ) The use of oleand n t to delay the
emergence of resistance 1n slaphylococc:\l wsolates 15 still lacking cliucal
Justification
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Annual 1958«1959 New York Medical Encyclopedia lnn 1959 pp 277-283
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Cowvitte J M Cox F Jn mu QumN E L Compnranve studies of oleando
Mch with 2 brief review of the ltera
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M:dx:al Encyclopedia_Inc 1959 pp 401-41
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Durrtey C A RoorGuez J B anp Peteetta E The use of tetracycline
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LM W D anp MUM! K Olundumycm (PA 105) II Chemical

characlerlulmn (1) T Am Chem Soc 80 3777 195
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72
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FLAN!G\N C Jr LemMmo B H,Ir anp L\WRENCB J A study of possible m
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E1 Unpublxshcd observanons on th  antistaphylococeal 1cuon of

and
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Foutke C W anp RoMansky M J  An m vitro study of oleandomyem ¢ tra
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Fyst V B Bomst E Zesmwoed G aND Stur A Expennmentelle Unter
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?Aauu? B Lantibiotic RO 27638 nellinfezione difterica Minerva med 47
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Exper Brol & Med 95 {44 1957
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Hate W H awp Eritorr H The effect of antibiotie :ombmauam upon staphy
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Research 1314 Annual Meeting Chicage 1t 5 Lab & Chn Med 50 €22 3957
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tkakombinationen Wien med Wchnschr 10§ 629 1958
Hasencrever, H F Comparative mn vitro studies of hospital strams of Staphvlo
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Henne H F Rim mit dem D
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M A Day J anp Sarrocco G The antimicrobral action of oreandnpen me
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1958 pp 520-92:




ANTIBIOTIC THERAPY FOR STAPHYLOCOCCAL DISEASES 93

71 HorrMaN H  Klinische mit dem um Sig
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Sigmamycin Rev clin espan 47 101 1957

73 Isenserc H AND KAareuTz, S Clinical and Iaboratory evaluation of triacetylo
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¢ an,
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75 Jones W F_awo Finiano M and activity
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kunty C M Pryies C V. anp Fintanp M Antibactertal activity of serum
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85 LaCaille R A AND PRIGO Combinations of oleandomycin with oxytetra
cycline and tetracycline in the treatment of soft tissue nfecthons a prelimmary

report In Antibiotics Annual 1956-1957 New York Medical Encyclopedia Inc

1957 pp 67-71

ResoLLEDO LARA M AND HEREDIA Dtaz J  Further clinical studies with a com

bination of tetracycline and oleandomycin i the treatment of various infecttons

In Antibiotics Annual 1958-1959 New York Medical Encyclopedia Inc 1953

pp 300305

Lemvine B H Jr anp FrangaN C Jr Correlation of sensitivity patterns of
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clopedia Inc 1959 pp 414417

Leming B H Jr Franmiean € Jr anp Roy M K A chineal evaluation of
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nnual 1957-1958 New

an
York Medlcnl Encyclopedia Inc 1958 pp 685-691
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OHeruty F C A climical tnial with Sigmamycin Med Press 140 897 1958
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treatment of acne and pyodermas caused by resistant Staphylococcus aureus In
?nllblacllcs Annual 1958-1959 New York Medical Encyclopedia Inc 1959 pp
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Oswatd E J AND WeLck H  Anubiotic combnations 111 In mro eﬁecls of
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Pzrzxswu R G CurtiN J A anp BENNETT 1 L Jr The sensitivity of two
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Arch Int Med 100 927 1957
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R Feendomsem o and 1n vitro Antib & Chemo

mycin
7 %99—409 1957



ANTIBIOTIC THERAPY FOR STAPHYLOCOCCAL DISEASES 95

114

n

X

11

=

1

119 R
120

121
122

123

124 S

125
I

]
=

1

5
3

128

129
130

131
132

133
134
135

Rezov R 1 a0 Swaere C H Jn In witrg sensituty of bacteri to sovobioein
itracin and synnematin
B ot Anal 1956-1957 New York Medical Encyclopedia Tac 1357
483-485
Risoy R 7 Weonr W W Oswap E J ano OstroLinn M Antibiotic
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LENy 1 F Gastnmyem effective combined therapy of
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F1e 1 Structural formula of novobioctn

and Vulcamicina by Lepetit Sp A of Milan, Italy the orgamism used by the
workers of the latter firm was 1solated from soil obtamed 1 the viciuty of
Rome 73

The biterature on novobiocin that was available to the author prior to the
mddle of 1957 has previously been reviewed and summarized elsewhere
The reader 1s referred to that monograph for most of the details and the
bibliography only certain of these will be referred to here specifically

PHYSICAL AND CHEMICAL PROPERTIES

As the pure crystalline salt novobiocin has a slightly yellow to white color
and a well defined and distinctsve crystalline form It 1s soluble 1n aqueous
solutions with pH greater than 7 5 and nsoluble 1 more acid solutions In
the acid form 1t 15 soluble m acetone ethyl or amyl acetate, ethanol or
pyridine The dried matenial 1s shightly sensitive to Iight at room temperature
Novobioain has a unique chemical structure which consists essentially of a
mme carbon sugar hed gl dally to drhydr yl coumann The
empirical formula of novobiocin 1s Ca1HyeN,On; and its structural formula 1s
as shown in figure 1 45 47 8¢

Novobiocin 1s a dibasic acid and therefore neutral and acid metal salts can
be prepared these retan therr antibacterial acuvity although they vary some
what 1n their physical char: 18 48 The prep 2 Ity employed
for oral usage m capsules has been the monobasic sodium salt whereas the
caloiem salt which 1s somewhat more stable has been used to prepare sus
penstons n fiavored siup for pediatnc use

METHODS OF ASSAY

Methods used for the ! assay of are sumilar
many respects to those used for most other antibiotics varymg only n details
The assay Orgamisms generafly used include Bacillus subulis some standard
strans of Micrococcus aureus Sarcing lutea and Micrococcus p)ogenes var
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albus the latter has been used by the Food and Drug Admimstration for
pharmaceuucal dosage forms * Both agar cup plate and turbidimetric meth
ods mn flud media have been used and a colonmetnc method 15 also avail
able 7 The senal dilution method 1s the one most often used with serums and
body fluds

ANTIBACTERIAL ACTIVITY IN VITRO

In general the antimicrobial spectrum of novobiocn®® closely resembles
that of pemcills and of erythromycn although its action 1s not related to
either of them novobiocin 1s active aganst many strains that are naturally
resistant to these agents and agamnst stramns made resistant to them by ex
posures 1n vitro The major activity of novobiocn 1s agamnst pathogeme strains
of Staphylococcus aureus such stramns are generally more sensitive to this
antibiotic than to any other except penicitin and novobiocn 1s as active
agawnst pemcilhn resistant and erythromycmn resistant strams as 1t 15 agamst
strains that are senstive to these antibiotics The same s true of staphylococer
both semsitive and reststant 1o strcp!omycm the tetracyclnes and chlor

Among pathog p! 1solated from a vamety of
chnical sources 1 which previous exp to can be d
nearly 90 per cent are d by this m of 10

pg or less per ml and these mclude strains that are moderately or highly
resistant to one or more of the other widely used antibiotics Most of the
remaming strans of Staph aureus that have been tested are inhibited by 5
#g/ml or less although occaswonal stramns (about 05 per cent) are not
mhubited by 25 ug /ml

Pneumococc are about as sensitive to novobiocn as are staphylococer
most strams are nhibited by 1 ug/ml or less but occasional strains have
required up to 25 pg /ml Most hemolytic streptococer of group A are moder
ately or highly susceptible being inhibited by 5 pg /ml or less but some
are not mhibited by 50 pg /m! Hemolytic streptococer of other groups and
stramns of Str virdans are shightly less susceptible most of them being n
habited by 1 to 10 pg /mit (group D ) are the least
susceptible of the streptococct some are not mhxhned by 50 pg/ml but
about one half of the stramns are inhibited by 12 5 pg /ml or less Corynebac
terium species including Coryneb are also quite senst
tne most strains being mhibited by 5 ug /ml

Among gram negative bactenia the most susceptible to novobiccin are

wfluenca h pertussis  and Neisserta menmngitidis

most strans of which are inhibited by 10 pg /ml or less Some strans of
Pasteurella are susceptible to 12 5 ug /ml  but those of Brucella have required
30 to 50 ug /ml Among the Enterobacteriaceae many strams of Profeus are
mhibited by 25 ug or less but most other strains of Proteus most strams of
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Escherichia co Aerobacter 3 Rlebsiella p various species
of Salmonella Shigella and Pseudomonas require higher concentrations or
are resistant to 100 or even 400 pg /ml

Mycobactena are only shghtly sensitive some strains of Mycobacterium
wberculosts however are mhibited by 10 pg /m! or even less, but others are
resistant 10 30 to 60 ug/ml and this 15 true of most atyprcal strams of
mycobacterta 100

Most of the tests for sensitivity to novobrocin have been carned out n
appropnate hqud media that support good growth of the orgamsms but tests
can also be done on solid media mto which varying concentrations of the
antibiotic are mcorporated or by the use of impregnated paper discs the latter
are convenient for screemng purposes and have been applied in clmcal bac
teriological laboratories Using such discs 8 mm 1n diameter, onto each of
which was placed a standard drop (002 m!) of a solutton contaiing 10
pg /ml  Faubrother and Wilhams 8 tested 1100 strams of varous species
These included 470 strmns of Staph aureus 17 of group A hemolytc strep
tococcr 19 of Diplococcus prneumomae and 12 of H influenzae all of these
were found to be sensitive Only 50 per cent of 56 strans of Streptococcus
faecalis a stmilar proportion of eight strans of Neisseria gonorrhoeae and
one of two strains of H. hilus p fl were by this method
1e produced a zone of mhbition around these discs All of 310 strans of
various cohforms 144 of Proteus 40 of Pseudomonas pyocyanea 8 of Shigella
sonner and 14 of vanous fung: were found to be resistant by the same method
When added to potato dextrose agar n a concentration of 10 parts/million
novobiocin suppresses soil bacteria and this has been used to 1solate fungt
from soil # On the other hand Sanford et al™ tested 18 strains of Nocardia
asterordes and found them to be mhib by b m cc
ranging from less than 0 8 t0 10 ug /m! however they could not demonstrate
any effect of the antibiotic aganst infections of mice with these orgamisms

A number of factors may influence the susceptibility of organisms to novo
biocin 1 vitro  Although most media that support equivalent growth give
similar results 1n the tests for senstwity differences have been noted in some
media which may be related to certam divalent cations notably magnesium
(as magnesium sulfate) that reverse the inhibitton of gram negative bactena
by novobiocu this 1s not the case with gram positive bactersa *° Increasig
acidity of the medium within Limits that sull support good growth 1a control
cultures results 1n progressively increased activity of novobiocin agamnst
Staphylococcus Proteus and E coli 5 This suggests that the effectiveness of
therapy for unnary tract infections may be enhanced by procedures that result
1n acidification of the unne which 1s 1o contrast to the observations on treat
ment with streptomyen which mdicate increased effectiveness with alka
limization of the unne
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In bqud meda the size of the moculum of the test organism s 1mpor
tant 8 3 5 °the t p Iy
as mncreasing numbers of organisms are moculated above 10*/ml On sohid
media however similar end pomts are obtamed with undiluted cultures and
with the same cultures diluted 1 100 There 1s also some increase wm the mim
mum with prol d b 1n broth 8 thus does
not appear to be related to detenoration of the anubiotic but rather 1s a
result of resumption of growth 1 concentrations that are only bacteriostatic
For many strains nosobiocin may be bactertostatic at some concentrations
and bactenicidal at higher concentrations ¢ 3 5 9 Thus there may be a
rather wide spread between the bactenostatic and bactenicidal concentrations
for certain orgamisms notably various streptococcr and especially those of
group A but with strams of Staph aureus there 1s usually only a narrow
range of concentrations over which partial inhibition occurs 3
From the clnical point of view and with respect to the determination of
novobiocin concentrations 1 blood and serum the most important problem
1s the binding of novobiocin to serum protem This binding effect interferes
with the action of novobiocmn so that the mimmum mhibiting concentration
for any stramn as the of serum 15 d This in
hibitory effect of serum on the action of novobiocin 1s demonstrable both m
broth and in the agar cup plate method and may be very marked For ex
ample Martin and co workers®” found that the mimmum concentration of
by m sahine d a zone of with M pyogenes as the
test orgamsm was about 0 3 pg /ml as compared with 5 xg /ml of the anti
biotic required 1 serum With § Jufea as the test stram  the lowest concentra
tion producing a defiute zone of imhmbition was 05 pg/ml 1o saline as
compared with 20 pg /ml n undiluted serum In heart infusion broth 1nocu
lated with a standard amount of culture of M aureus total killing of the cul
ture was effected by a concentration of 0 78 yg /ml whereas 50 ug /ml was
required to produce the same effect i half serum and half broth
Diffusion studies through a cellophane membrane showed that novobiocn
was bound at least 90 per cent to serum protemn Similar results have been
reported by many other worhers 3¢ 55 ¢ %7 Tennent et al*® found that 74 per
cent of novoblocin was bound 1 0 5 per cent solution of crystalline bovine
alburmn and 30 per cent was bound 1 0 05 per cent solution of the same
albumin The albumin bound novobiocin could be dialyzed out mto fresh
butfer showing that the protein binding 1s reversible
‘The exact mode of action of novobiocm has not been elucidated There 1s
some evidence that with some gram negative orgamisms novobiocin inhibits
cell diviston but does not nterfere with growth of the cell 5 In such orgamsms
it does not interfere with nucleic acid synthesis {neither, nbonuclere a{nd(\’.
desoxynbose nuclerc acid'®) Marked mmpholognca],change‘s—hme‘béeﬁ‘o‘?{;




102 ANTIBIOTICS MONOGRAPHS | 12

ik

served in Proteus dunng exp toa of
novobrocin © The bacterieidal action of this antibiotic 1s exerted only on
actively growing orgamisms not on orgamsms in the resting state * Intra
cellular organisms uare apparently protected against the action of many times
the nhibiting on of novob 89

RESISTANCE AND CROSS RESISTANCE

As already noted one of the features of greatest interest 1n novobiocin 1
that 1ts activity 15 not related to that of any of the other antibiotics that had
been 1 wide use Strams of staphylococcr and of other orgamsms made
resistant m vitro to pemcillin streptomycin  tetracyclme  chloramphemcol
erythromycin and several other agents show hittle or no change n susceptibil
1ty to novobiocin The reverse 1s also true that 1s strains made resistant 1
vitro to novobiocin by exposure to that agent rctan essentially intact
their susceptibility to all other anubiotics with which they have been
tested 33 34 G0 67 94

Resstance of staphylococcr to novobrocin does however develop quite
rapudly after exposure to 1t m vitro % © and this has occurred although
not nearly so raprdly or regularly duning treatment of staphylococeal infec
tions 1n patients  The rate of increase in resistance 1n vitro may be quite
rapid at first and then proceed at a slower step rate © A single exposure of a
culture contaimng 1 mullion staphylococer per ml results in the emergence
of varants 10 to 30 times more resistant than the ongnal strain * Other
orgamsms such as p and many strep acquire n
witro less readily Of interest 1s the obscrvation of Green et al #* who found
that when they d the to b of two strams of
staphylococes of phage pattern 52/44A by two and three subcultures re
spectively the increase m b was d by a loss
of susceptibihity to the phages Resistance has also been shown to develop
quite readily 1n tubercle bacilli exposed to novobiocin in vitro 100

ACTION OF COMBINATIONS OF NOVOBIOCIN
WITH OTHER ANTIBIOTICS IN VITRO

The bined action of brocin with other b has been studied
by a number of groups of workers and their results have been variously
terpreted depending on the strams tested the methods used and the definttions
applied ® The carliest observations of Wallick ct al*t and of Barbiers and
Lewss suggested that substantially greater activity (synergism) resulted from
the combmation of novobiocin with a number of other active antibiotics
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notably pemsciihin and tetracychine than when one was used alone Chabbert
et al* obsersed different effects from the combination of novobtocn with
other antibrotics 1 vitro dependmg cn the stramns of Staphylococcus tested
they used p il and ery as the
second anubxohc 1n their tests Rantz et al ? interpreted some of their findings
as suggestne of the possible potentation or synergism of penicillm with
novobiocin in a few strains of staphylococc: that were resistant to both agents
separately

Jawetz et al 3t however did not observe any true synergism 1n the sense
of increasing 1he early bactencidal rate as ccmpared with that of the more
active individ except 1n 1 strains exposed to the com
binations of novobmcm with either bacitracin or neomycin In such instances
they considered that the combimed action of the antibiotics was essentally
umlateral namely the prevention of emergence of novobiocin resistant mu
tants by the bacitracin or neomycin rather than by mutual protection. When
they used a pemeillinase producing Staphylococcus that was resistant to 20
»g /mi of streptomycin they could d no d actton of novo
biocin with exther penicillm or streptomycin

Johnson et al5 showed that novobiocin did not miterfere with the action
of a sulf (sulf: d ) on b resistant osganisms
such as A and F de U] which are g ly asso
ciated with unnary tract mfections

Jones and Finland * showed that novobiocin and pemecillin when they were
given 1 equal amounts produced antibacteral actvity of serum agamst
certam standard test strams that was only intermediate between those of the
mdividual antibiotics There was no evidence of any synergistic action of
these antibiotics agamst the stramns used but there was a suggestion of some
reduced activity of novobiocin by pemcilhin aganst a stram of Staphy lococeus
that was hxghly resistant to pemcillin

of stapl toa of con
ocmmnons of novobiotin with a constant amount of a weakly bacteriostatic
agent such as sul or with other against which the Staphy

locaccus was imtially msensiive failed to inhibit the development of novo
biocin resistance ¢ When however novobiocin was combined 1n a fixed ratio
with other effective antit notably p or fine to which the
staphylococer were omgmally sensiive the emergence of resistant varants
dunng successive subcultures was marhedly delayed and depressed as com
pared with the resistance that developed to the same agents when used
dividually 8 Lowbury®® studied five strains of Staph aureus that were ong
mally sensitive to both novobiocin and erythromycin he found that they
acquired resistance more rapidly when grown 1 media contatung either
antibrotic ajone than they did mn the presence of a mixture of the two
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EFFECT OF NOVOBIOCIN IN EXPERIMENTAL INFECTIONS

Novobiocin  given cither orally sub ly or larly has
been shown by several groups of workers to be acme agamst mtxapemonaal
infections of mice with staphyl t yeer F

and several strains of Profeus 33 93 o7 Interesungly enough some of the latter
orgamusms were only moderately susceptible to the antibiotic 1 vitro The
antibiotic has not proved effective i mice agamst other colforms salmoneilae
shigellae or Pseudomonas In approprate experumental hosts novobtocin 15
usually meficctive against mfections with tubercle bacilli fungi protozoa
viruses or rickettsiae It has shown some activity agamst the cutancous m
fection of rabbits with Treponema pallidum®® and showed some protection of
mice against pulmonary infection with H pertussis 93

Eigelsbach et al 7 found novobiocin to be very effcctive wn vitro and 1
mice agamst infection with stramns of Bacterium tularense mcluding two
vanants one resistant to streptomycin and the other to chloramphenicol and
tetracychine Dutta and Colah found novobiocin to be bactenostatic and
bactericidal aganst Vibrio cholerae 1n concentrations of 5 and 10 pg /m!
respectively  They used novobiocin 1n the treatment of an expenimental
cholera nfection of rabbits and obtained 86 per cent survivors when treat
ment was begun as late as 16 hours after infection of the amimals Yegian and
Budd!® showed that novobiocin exerts shight to moderate activity aganst
expertmental tuberculosis i guinea pigs However resistance to novobiocm
developed quite readily 1n tubercle bacilli exposed to novobiocin in vitro
They found that the atypical and saprophytic m)cobactena which they
studied were highly resistant to b and d that
this antibiotic might profitably be used to help d)ﬂerentmte lhese strams from
tubercle bacilli

Several studies have been reported on the effect of novobiocin on the
intravenous 1nfection of mice with virulent stramns of Staph aureus These
have shown that novobiocin prevents death m mice promotes healing of
renal lesions and causes a marked reduction 1n the number of staphylococc:
that can be cultured from the organs especially from the kidneys of treated
mice as compared with untreated controls Of imterest 1s the fact that staphy
lococer cultured from the kidneys of muce after prolonged treatment with
novobiocin retam ther onginal 3 y to that b This
that the failure to remove all of the staphylococer from the kidmeys 1s not
the result of the development of reststance it has been suggested that this may
be due to low levels of the drug available to the surviving organisms!* or to
the persistors  but it 15 more likely to be due to the intracellular or other
pmtccuve sites of the su;vlvmn bactenia that keep them {rom contact with

of

q
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In one study® 3t was sho vn that treatment mth vanious dosages of the com-
bunation of pementlin plus tovabi duced a much greater penentage of
survivors amun" mice mnfected with Slaplz aureus [ preumomae or Strep
tococcus hemoby icus than treatment with either antbiotic alone gnen m the
same dosage McCune et al® using the 1nt; t:
of mice shosed that the combmatien of novobrocin p)us streptomyein was
more effective 1 reducing the number of staphylococer m the kdney than
either novobiocin or pererthn green alone or the combmation of the two,
but staphylococer survived mn the kidney under all of these treatments

TOKICITY AND PHARMACOLOGY IV ANIMALS

Novobiocin has a very low acute tomcity for mice by oral wtrapenitoneal
wtravenous or subcutaneous roates & ¢ % In the gunea g sugle or mul
tiple subcutaneous of ntrapertoneal dosages are less well folerated thus being
remmscent of the toxeity of penicillin for the guinea pig In mice rats nd
dogs rather large oral dosages given over pralonged penods are well folerated
Isatomic solutsons (130 mg/mi) bowever have proved wntating to the
vews n dogs Novobioon s also rmtating when gnen subcutaneously or
mtramuscularly 1 rabbits ® In dogs farge mirmenous dosages produce sea
ous changes 1a the Iner gastromtestinal tract and htdneys with penvascular
hemorthages and edema © In these animals Robuson and Stfbes™ observed
a yellow discoloration of the plasma duning oral admunstration this was
noted three hours after single oral doses of 100 mg /Kg  reached us peak m
12 hours and cleared 1n 18 hours This color gave negative tests for bile and
was removed by extraction with neutral ethyl acetate a procedure that does
ot remove the yellow color of the plasma of truly jaundied rats st was
therefore dered tobe a bohe product of b Rats given large
do ages of novobrocin for 90 days developed a muld yeflow of
the plasma skin and visceral fat wath large dosages (12 Gm /Kg.) they
lost werght rapidly Forty per cent of the animals died after five davs and
showed foct of necrosis m the hver celf cords Novobiocin produced no sm-
portant pharmacodynaguc effects ¥ However laxgc smgle doses gnen intra
venously to dogs produced detectable b for four hours re
peated small doses produced only muumal hemolysis

ABSORPTION EXCRETION AND DISTRIBUTION I THE BODY

This aspect has been studied by many worhers 1 ammals and man® 1 &
66 82.63 6t 8¢ 8709 1 & 51 84 5T 23 9 99 Both 1n muse and i dops novobiocn
1s well absorbed when given orally and the antibiotic can be found 1 varying
concentrations m almost all body flwds and tissues except n cerebrospinal
fuwid only minsmal concentrations hasve been found 1a the brasn The antibrotic
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1s excreted nto the bile n lasge concentrations after a few doses have been
given and the bile may contain much higher concentrations than the plasma
The antibiotic 15 also well absorbed from intramuscular injections but to date
nomirsitating preparations have not become available In mice there 15 a
marked parallelism betwcen the blood level curves after the same single dose
given orally intramuscularly and mtravenously, suggesting complete or al
most complete absorption from the oral route #

Maxmmum concentrations are achieved 1n the blood within two or three
hours after an oral dose both i dogs and 1n man, and the levels are farly
well sustained for several hours These levels vary almost directly 1n propor
tion to the dose ® * There 15 some cumvlation of the antibiotic 1n the blood
dunng the first few doses but the levels soon stabihize so that there are only
minor fluctuations i blood levels when oral doscs are given every six or eight
hours m the usual dosage range and cven every 12 hours with somewhat
larger dosages Imitial doses appear to be absorbed better from an empty
stomach than after a meal 8 5% the peak levels being higher and achieved
earlier when the antibiotic 1s taken in the fasting state  Although faurly high
concentrations are found mn the unine  generally several times as high as those
found 1n the blood dunng admumstration of repeated doses only about 3
per cent of an admumistered dose can be accounted for i the unine ® 8¢ 9
Considerable amounts however are found in the feces of man and dogs sug
gesung that 1n these amimals some of the orally admmstered antibiotic may
not be fully absorbed 67 63 However some of the fecal antibiotic undoubtedly
represents m part at least novobiocin that has been absorbed and excreted
mnto the bile

Blood fevels achieved 1n both adults and children are much higher with
novobiocin than with any of the antibiotics now n general use These con
centrations may be many times those required to inhibit susceptible organ
sms m vitro In man the anubsotic has been demonstrated m pleural, ascitic
and joint fluids, usually 1n lower concentrations than 1n the blood but 1t has
not been demonstrated 1n cerebrospinal flurd except 1n very low concentra
tions 1 1 patient with menmngiyis ¢ 31 61 6+ 67 68 81

CLINICAL USES OF NOVOBIOCIN

As might be d with any new the bulk of the early reports
on the use of novobiocmn have been difficult to saterpret because of the van
ability 1n choice of cases the type of data made avalable the cntera used
for evaluation and the paucity of controls for compansons cither with un
treated cases or with patients treated with other cffective antibiotics In gen
eral the Jargest number of favorable reports have dealt with staphylococcal
infections pamculnr]y those that had faled to respond to treatment with
other common antibjotics because of resistance of the offendung Staphylo-
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coccus Favorable responses have also been reported m infections due to
other gram positive bacterta and m certam cases of urinary tract mfections
due to gram negative bacilli notably Profeus ifecuons these results on the
whole have been parable with alth often hat less f: bl
than, the bnlhiant effects one had been accustomed to expect from the earhier
when the t were highly susceptible
to them Moreover many of the reports and particularly the more recent ones
have been confused by the use of combinations of novobiocin with other
antibactertal agents notably pemcillin and tetracycline so that the true con
tribution of the novobiocin to the results has become even more difficult to
delineate
Novok

has g ily been ad: d orally as the d salt
1n capsules or as the calctum salt suspended m sirup prepara
tions have been used expermmentally but have thus far proved too imntating
for general use An form 15 lable that 1s prepared by adding

5 ml of a stenle 10 per cent solution of N N-dimethylacetamide to a vial
contaiung 500 mg of sterile novobiocin thus n turn is added to 500 to
1000 ml of 1sotome sahine and administered by intrasenous drp Such a
Ppreparation* has given favorable results similar to those obtained with oral
preparations and could be used when oral therapy 1s not well tolerated 33

Another mjectable Iorm of sodium novobiocint 1s available § which may be
gven etther or ly but not The manu
facturer supplies the following mstructions for the use of this preparation

For mtravenous wnfusion 500 mg 1s dissolved 1n 250 to 500 ml of sodium
chloride njection US P or 1t may be given mtravenously by syrnge mjection
using 500 mg dissolved m 50 ml of sodwum chloride wmjection USP The
usual que and for an 1t mjectton should be ob
served slow mjection being recommended For mtramuscular mjection 500
mg 1s dissolved 1n 25 or 50 ml of either sodium chlonde mjection US P
or water for mjection USP the reconstituted solution should be 1njected
deep intramuscularly the dose may be divided and mjected 1 two sites to
reduce pan The reconstituted solution should be used immediately 1if the
solution 15 cloudy 1t should be discarded It 1s emphasized that only sodum
chloride imjection US P be used for intravenous infusion or njection and only
sodium chlonde mjection US P or water for mjection US P be used for the
intramuscular mjecuon Other solutions particularly those with a pH of 6 or
Iess shoutd not be mixed with the novobiocmn solution sice the free acid of
novobiocin may precipitate

‘The trade name of The Upjohn Co for an intravenous form of novobiocin s Mix-O-
Vial Albamycin

1 The trade name of Merck Sharp & Dohme division of Merck & Co Inc for the
injectable form of sodwm novobiocm 1s Lyovac Cathomycin sodmm
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Novobrocin has been used more extensively mn the treatment of staphylo-
coccal mfections than for infections duc to any other bactenia It has proved
to be one of the most cffective of the agents available for severe staphylococcal
anfections because nearly all of the causative organisms have been found to
be highly susceptible For example Pulasht and Isokane™ tested stratns of
Staph aureus with 5 pg discs of novobiocm and found 98 2 per cent of 116
strains 1solated from wound exudates and 99 of 100 stramns from nasal cul
tures to be susceptible a large proportion of these stramns were resistant t0
other commonly used antibiotics In 106 patients with a large vanety of pyo-
gemic surgical infections whom they treated with novobiocmn 74 per cent
gave favorable results that were comparable to those obtained with other
effective antibiotics They used 15 to 20 Gm daily 1n severe cases and 10
Gm daily in mider cases

Favorable results have frequently been registered with the use of novobioc
alone but most often they were ot d with b luding other

e or when novol was added to treatment with other agents 10
which the offending organisms were at least moderately susceptible The use
of novobiocin particularly alone or when given together with other antibiotics
to which the Staphylococcus 1s not susceptible has been complicated by the
development of novobrocin m the Staphylococcus dunng t
when that has occurred 1t has usually rendered further treatment imeffective
or resulted 1n relapse or extension of the infection after varying degrees of

1mp had been achteved In a report by Chabbert et al'® only 1 of 4
patients with staphyl 1 sep and pul y local had a
completely favorable result with novobiocin therapy i the other 3 relapse
occurred and the devel of t was shown to be the
cause

The nature of the staphylococcal lesions with their tendency to suppurate
and encapsulate renders difficult the penetration of the antibiotic to the
offending orgamsms and requires long pertods of treatment in order to obtail
favorable results that are lasting Such prolonged treatment has often been

possible to plete because of reactions to the drug which
have required 1ts discontinuance Thesc two factors the development of novo-
biocin m the Staphyl and of 1on of the patient to

the antibiotic have largely limited the possibility of realizng the full thera
peutic potential of this agent m staphylococcal infections Nevertheless rapid

1mprovement with arrest of lesions of t an
reduction 1n toxerma  has been sufficiently stnling to consider that this
agent has proved g 1 many 1 or rapidly progress

ing cases even though 1t has often been nccessary to resort to other agents i0

omplete the bactenological and clmcal cure
i Slfrglcal dramage of surface Iesions and of other accessible focs has often
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been an equally umportant factor and at umes the determmng one m the
mprovement of the patient when large purulent foct have developed In such
cases novobiocin has served to reduce the extent of the surgery required and
has often imited the size of the lesions needing dramage or the use of the
antibiotic has rendered such dramage ry of was undertak
before the suppuration developed

The types of staphylococcal infections that have been favorably affected
have vaned 1n location number and sevenity They have included pyodermas
and fected dermatoses of which the great ma]onty are reported as having
yielded excellent or good resp to of sheletal or
soft tissues wound nfections and abscesses and some cases of osteomyelitis
have 1n most mstances responded favorably at least when the antibiotic was
first admunistered  Occasional cures of caces of staphylococcal endocardiis
and of severe and have been recorded
but in these cases other annbxoncs were employed 1n addition although the
novobiocin appeared to mcrease the degree and rate of improvement Actu
ally only a few have been ded of chnical and bacterio
logical cures 1n patients with staphyl 1 end ditis or with or
multtple suppurative lestons or 1n late and severe cases without resort to
such addihional treatment with other antibiotics to which the causative organ
1sms were also sensitive or without surgical dranage of the extensive suppura
tive lesions

Noiobiocin does not penetrate into the cerebrospinal flurd but 1t has been
used topically with success mn some cases of staphylococcal meningitis Grust
and Mori*® gave daily dosages of 10 to 40 mg of novobiocin by the ventnicu
lar lumbar or intracisternal routes as a supplement to oral therapy to 6
patients with staphylococcal meningitis 1n 4 of whom this was a complication
of tuberculous meningitis Combined with other antibiotics the novobiocin
produced a complete remussion of the disease within six to eight days and
wathout side effects or sequelae

Novobtocin has been used successfully to reduce the number of staphylo
cocct in the bowel of patients with postoperative diarrhea but 1t has had no
effect 1n such diarrheas when a normal flora was present in addition to the
staphylococe: As a preoperative bowel preparaton however Cohn and
Longacre!* found novobiocin alone to be unsatisfactory  although 1t was
Iighly effective 1n combmation with neomycin Sunilar findings were reported
by Shidlovsky et al * In severe staphylococcal enterocolitis where the Staphy
lococcus 1s the only or organism nosyob has been 1
with eminent success It has httle or no effect on the normal bowel flora
particularly on the gram negative bactera that consttute the bulk of that
flora and hence 15 not likely to give mise to staphylococcal enterocolitis 3¢
Nevertheless at least 1 case has been reported® 1n which this postoperative
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complication occurred within one day after novobiocin was started although
the author expressed conviction that the novobiocin caused this drarthea the
evidence presented does not support this conclusion

Novobtocin bas produced favorable results in the trea!ment of pneumococcal

pneumonias!8 5¢ 60 71 91 and i the of h 1 i
fections ® © 71 of the upper respiratory tract It has also been used wath favor
able results to treat cases of strep I cellyhus Although Hent results
were recorded espectally m p the resp of such

patients m general has been consxdercd by somc authors * to be not quite so
stnlung esther bactenologically or climeally as that gencrally observed when
penicillin s used n similar cases that are caused by pemcillin sensiive orgen
1sms Failure 1n 1 of 3 cases of pneumonia was shown to be assocrated with
develop of p 131

Tall et al*® treated 16 hospitalized scarlet fever patients for three or four
days with novobioctn 40 mg /Kg daily n four divided doses after which
they gave pencill ly The t treated patients had an unsatis
factory chinical response as manifested by persistence of fever and this was
also associated wath persistence of 8 hemolytic streptococcn th cultures of the
throat of 10 of the 16 patients throughout the three or four days of novobiocin
therapy m spite of adequate serum levels (greater than 64 pg/ml) i all
patients However there was no change in the suscepubxhty of the streptococct
to b duning the t Similar resp both clmt
cal and bactenological were reported by Breese et al® m streptococcal mfec
tions 1n children

Although strans of H influen.ae and H pertussis are quite sensitive to
novobiocin 1n vitro very few cases of infection with these orgamsms have been
reported Because of the poor penetration of novobiocin mto the cerebrospinal
fluid there has been a reluctance to treat cases of influenzal menmgitis as
these would not be expected to respond fasorably

Excellent results without relapses were reported by Gost®® m 20 unselected
cases of undulant fever all of which were proved by isolation of organisms
from the blood The author claims that he had never secen such favorable
effects with any other agent In an attempt to venfy these results Debono *
failed to get responses with novobrocin that were either as constant or as
dramatic as with tetracycline of 15 patients whom he treated for 15 days
5 relapsed with positive blood cultures within four months and 7 got incom
plete effects with relapses occurring mn 4 of them within two months

The results of treatment of 27 men for acute gonorrheal urethntis as
reported by Willcox °8 indicate that novobiocin given orally 1 a dosage of
2 to 3 Gm was nadeguate to cffect a cure this amount has usually been
successful 1n stmilar cases treated with several other antibotics Even dosages
of § of 10 Gm of novobiocin guven over a peniod of two days gave only 66 to
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78 per cent cures Nosobiocin was therefore considered by this author as not
very useful n the treatment of acute gonorrhea In the treatment of 3 cases of
carly syphilis Edelson ¢ found novobiocin given intravenously to be unsuc
cessful  although there was app early smp! and no unt d
reactions resulted from the wnjections Withdrawal of the drug permutted a
prompt exacerbation that was easily controlled with peniciilin

Because a considerable proportion of strains of Proteus and a smaller num
ber of those of E col: are ptible to m that are
readily achievable in the unne this antibiotic has been used 1n the treatment
of a sizable number of cases of vanous unnary tract mfections Herrold 4
for example considered novobiocin to be useful in the treatment of urnnary
tract infections caused by gram positne coccal orgamsms and by Proteus
Seneca et al 7 1n a study of 60 cases of uninary tract infections found novo
biocm to be effective 1 many mfections with Staph aureus Proteus and
Str faecalts and even in some with E coli and Ps geruginosa In vitro resist
ance appeared to mcrease rapidly 1n many of these cases and the authors

that be used with other drugs such as

tetracycline rather than alone

However only a minonty of such urnary infections mn chronic cases have
shown a favorable response that could be attnbuted to the antibiotic Hughes
et al # for example reported 21 failures among 26 patients with chromie
unnary tract nfections treated with novobiocin 250 mg four mes daily for
Tto 14 days Only 1 of 9 patients 1 whom Proteus was the offending organ
sm £ bly to this Both t 1 ly and
enterococcal wnfections have failed to respond i most instances 5 The few
successes have been mostly 1 infections with the more susceptible strams of
Proteus but even some wnfections with E colr have occasionally responded n
such a manner as to suggest that the antibotic may have been of some help
Such cases however are difficult to evaluate particularly when the orgamsms
obtamed before were to the b: 1 vitro Acidifica
tion of the unne before and th h as sugg by Nichols
and Finland © may be of help 1n view of the greater activity of novobiocin
an acid medium

The majonty of the more recent chinrcal reports have dealt with the use of
novobiocin 1 mixtures with either pemcillin or tetracychine or sulfona
mides? 1 Z 9 3 0 Ip none of these reports have adequate data been pre-
sented from which the respective roles of novebiocin and the other constituents
of the nuxture could be evaluated Most though not all of these reports have
dealt with mmor surgical infections or with pyodermas and nfected derma
toses As with most such reports regardless of the agents under mvestigation
the results have almost always been reported as excellent or favorable without
cntical evaluation of the data and without attempt to mncorporate proper
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contro} stucdies A large proportion of the cases are such that they could hardly
be considered suitable for treatment with any antibiotics by most physicians
and certamly are not surtable for co ve evaluation of th agents
mncluding the same agents 1ndividually

There appears 1o be a more or less direct relation between the susceptibility
of the causative orgamisms and the favorable responses that have been re
ported although the data are not always adeq for rehable 1
Thus 1s well illustrated mn a study carned out by Tunevall®® n which ke made

P

senal cultures of tracheal from trachec d patients He found
that staphylococci that were sensitive to 2 g or less of novobiocin per ml
were el d by whereas other bacteria that were

sensitive to 4 pg /ml or more resisted this treatment and could not be ehm
nated 1n spite of serum concentrations of 15 to 20 ug of novobiocn per m!
for five days

Most of the clinicians who carned out the early trals and who have contin
ued to study the patients they have been treating with this antibiotic have been
unpressed with novobiocin as an active and useful agent partrcularly in mfec
tons with hyl that are to the other generally available
antiblotics However due to the tendency of organisms particularly staphy
Jococcl, to increase m resistance dunng treatment and because of the relatively
frequent occurrence of drug rashes from tts use they have felt that novobrocm
15 best reserved for use in infectrons with orgamsms susceptible to this agent
but resistant to others or in patents i whom the other effective agents such
as penicidlin are not well tolerated In such cases novobtocn 15 best used
along with another antibiotic to which the organisms are sensttine

UNTOWARD EFFECTS

On the whole novobioctn appears to be well tolerated when it 1s given
orally, serious reactions have been remarkably few except for the unusvally
frequent occurrence of rashes attributed to this antiiotic However the 1act
dence of side reachions reported by different observers has vanied marhedly
most of the discrepancies probably being the result of mcluston of mumor
symptoms or the recording of unexpected or unexplamned vanations mn the
reports of certan Inboratory findings without reference to other possible
causes of these aberiations No significant untoward effects have been noted
by any of the 1nvestigators who were studymng the effects of single doses beyond
some local trritation at the site of local mtramuscular injections

In a review of the untoward reactions recorded m reports of more than
1300 patients 3! the most frequent complication of novobiocin therapy was
found to be the skin reactions These were recorded as occurning in about 7
per cent of all the patients but m some of the individual reports a higher
incidence—up to more than 20 per cent—of shin rashes has been observed



ANTIBIOTIC THERAPY FOR STAPHYLOCOCCAL DISEASES 13

For example Breese ct al* observed rashes in two thurds of 24 patients who
were treated with t for 1 1nf and m 14 of 19
patients who had recewved the anhbmllc for five days or longer

It 1s quite clear from some of the reports that a signuficant proportion of the
skin reactions were caused by other agents that had been given just prior to
starting t was probably the most frequent cause of such
reactions pamcularly those of Lhe umcanal or serum sichness type which
appeared within the first four or five days after novobiocin was started or soon
after with the of m and b was begun
The of b and tetracychine has rarely given nise to such
reactions during the first few days of treatment

The charactenistic rash occurnng durning treatment with novobiocin alone
and which 1s probably the result of sensitization to that antibiotic 15 a general
1zed morbuliform eruption or a diffuse scarlatiiform erythema mvolving the
trunk face and extremities and appearing between the sixth and twelith days
of novobiocin adminstration m dosages of 1 § Gm /day or more 1 more than
4 out of 5 cases for which the ime of onset 1s available the rash first appeared
at that ttme Fever has been noted to accompany the rash m only about one
fourth of the cases and it was more frequent in the urticarial reactions 1n
which pemcillin may have been mmplicated Urticanal rashes have been noted
however 1n occasional patients who had not recerved penicaillin and pruntus
regularly accompanted the urticanal reactions but was not regularly men
tioned 1n the patients with the morbilliform or scarlatimiform eruptions The
rash and fever have usually subsided within two to four days after novobiocin
was discontinued

Readministration of the antibiotic to patients who had rashes dunng nove
biocin treatment has resulted 1n reproduction of the rash m less than one half
of those 1z whom this was attempted but some of the cases m which thuis was
done or n which the rash cleared dunmg continued administration of novo
biocin were to other and 1 a few of these
cases this was actually shown to be the case by readminstration of the other
probable offender The results of skin tests with novobiocin are also subject
to sumilar esrors and to other difficulties tn interpretation 1 addition to the
well known problems mvolved 1n using skin tests for determmmg sensitwity
to drugs Many of the drug reactions have been treated with antthistaminics
or with adrenocortical hormones but this may reflect the enthusiasm of the
Pphysicians for their use and could not be
of the severity of these reactions indeed some of these reactions to novobiocin
occurred and persisted dunng the admumstration of these agents for other
indications  Some of the shin reactions especially those m persons with a
history of other allergic tendencies may be senous and may be followed by
other severe mamifestations of drug toxicaty if treatment 1s continued espe




114 ANTIBIOTICS MONOGRAPHS | {2

crally m patients with fever On the other hand some of the mild erythemas
that occurred after a week or 10 days of novobiocin therapy have 1n many
patients subsided without interrupting the treatment when the course of the
infection required 1t

Hughes*® reported the case of a 7 year old child who had previously been
teeated with novebioein without 1f effects On the second adnumistration of
this antibsotic he was given 125 mg orally three umes daily and deseloped 2
severe allergic reaction with skin lesions resembling those of the Stevens

Johnson synd This was d by nuchal ugdity marked ruta
bty stupor pleocytosis of the cerebrospinal fld with negative bactero
logical and viral studies All the symp ponded well to with

adrenal steroids

Gastromtestinal symptoms have also becn reported with varying frequency
by different observers many of whom may have faled to appreciate of to
take 1to account the presence of these symptoms at the time treatment with
novobrocin was undertaken In many indeed 1n most cases contuation of
novebiosin therapy has been possible without aggravating these symptoms of
with actual subsidi of the evid: of g; I irnitation Nausea
eprgastuic distress and occastonally vommng have been recorded m about
15 per cent of the patients treated with novobioctn and 10 most of the cases
these reactions have been muld and transient Drarrhea has been specifically
recorded as caused by the aptibiouc 1 about [ per cent of patients but only
rarely has this been severe enough to interfere with continued theripy Loose
and buthy stools with nuld abdomnal discomfort were noted m about 6 per
cent of cases but had not constrtuted much of a problem 1 fact nearly all the
cases with these symptoms were recorded by only two groups of authors ®
Monihal infections or the appearance of large numbers of yeasts or fungt 1n
the feces has rarely been reported as a compitcation of novobrocin therapy

Leubhopema has been noted in a few patients but this has been of httle or
no sigmficance except that it was disturbmg to the physicians when first
observed In most instances the leukopema occurred early mn the course of
treatment accompamed favorable chinical responses to the antibioic and the
blood counts rose while the novobiocin was bemg continued moreover the
proporton of neutrophuls drd not drop to very low levels Such effects have
frequently becn noted in the past dunng treatment with other effective anlt
pucrobial agents ever since the d of active de drugs In
only 1 pauem among the 1300 collected was a marked drop in leukocytes

dbya

p pp: of the g locytes and tn this case the effect

was quentl duced by dm of b n
Sumon and Rbgers“ reported n case 1 which agranulocytoss developed
along wath a rash dunng ¢ with biocin and tr hydro-

chlonde although they could not :uabhsh the 1dentity of the offending agent
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they deged to be responsible In another case Colville and
co worhers'” reported finding thrombocyt and 1 penia accom
panymng a rash that developed after 11 days o( treatment of a patient with
slaphylococcal sepucem\a Day et a1 ? also reported a case 1 which throm
lop! of a pruntic morbilliform eruption

dunng novobiocin lherapy this was shown to be related to the development
of platelet lysins in the serum and plasma and other evidence of poor platelet
function

The of the cosmophily m about 1 2 per cent of the
novabiocin treated cases and which probably occurred more frequ ntly s
difficolt 10 assess In some patients it was obviously related to the affergic
response and accompamed a shin reaction 1 othcrs it occumd carly and
way have been a response to some p gents—m
often exther penicdlin or streptomycin or both whereas 1n others 1t may ha\e
been a common sequel accompanying the recovery phase of the infection itselt
Anemia attributable to novobiocin was not reported in any of the cases

An elevated icterus index and mdirect serum bilirubin Jevel was noted n
only a few patients and in these this finding was not accompanied by other
evidence of impaired liver function In view of the observation of Robinson
and Silber 7¢ 3t 15 surpnising that thrs yellow color of the shin and setum has
ot been observed more often As 1n the expenmental ammals s was prob
ably related to an abnormal pigment metabolite of novobiocm i the blood
but this was not defimtely proved in any of the patents Morcover the time
of 1ts reported appearance vaned from the second day to after the second
week of treatment and in some patieats it lasted only two or three days in
Spite of contnuing the treatment while wn others it persisted for more than
10 days after 2 bnef course of treatment with novobiocn Bndges et al®
Teported the case of a boy of 14 who 1n the course of treatment with various
apents for juvemile rheumatord anthmtis also recewed novebiocn 2 Gm
Orally twice a day for eight days because of the report of posiive blood cul
tures for some unusual Streptococcus which was sensitive to this antibiotic
On the sixth day of this treatment he developed jaundice and a prunne shin
rash His d in spite of therapy and he died
Autopsy showed acute diffuse hepauc necrosis and generalized lymphoid
hyperplasia which the authors thought could be properly attributed to the
novooain therapy

Impairment of renal function was not observed 1n any of the reported cases
and the only abnormal unnary finding was transient microscopic hematuna
noted as accompanyng the rash and fever 1n 2 instances

COMMENT
Nearly all of the groups of worhers who have investigated the climcal
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effects of novoblocir have been more o less umlomn w their judgment a1 t2
the place of novobiosss as an antibacteral agest There 35 general agrecment
that novobiocm s an effective agent and that 3t 1s clearly mdicated m the
treatment of senons staphylococcal mfections whea other antibiotics have
fuled or could be expected ta fail due to the resistance of the snfecting straums
to those agewts 1t could afso be recommended i certamn other snfechions with
susceptible organisms when other effcctrve antibiotics are contrandicated dug
to hypersensiinaty of the patient or when the infection fasls 1o respond to 2
adequate dosage of those antibiotics Most of these insestigators and other
responsible persons have favored fimitation of the use of novebioat to such
cases wn order to avord as far as possible the emergence and <pread of
novobiocin sesistant staphylococer which can clearly be anticipated to result
from 1ts widespread and indiscriensate use Moreover the frequent occurrence
of skin reactions from ats use also justifies ths limstanon
Novot cannot be ded as the antibiotic of chowe for the
treatment of preumoccoccal or hemolytie streptocncesl mfechions m spite of
the fact that most of the former seem to respond favorably Other fess toxc
drugs such as penrelitn erythromsom ot the tetracschnes may be expected
to produce equally favorable and usually beiter results the same 15 true with
gonococeal infections
Most observers who have encountered the development of nosobioan
resistant strams of staphyl dutsng with biocin have also
ded that thas k never be used alone for the treatment of
staphylococcal infectians but that some other agent to which the orgamsm s
also at jeast moderstely susceptible be given together with the novobiotin at
all tumes Thus far there 15 sul 100 hitie information avaslable as to the effects

of such use on the emergence of ph dunng
‘The data presented by Lepper et al ¢ suggest that such combined treatment s
oaly partially and temg ly eff The t b choses

by these workers namely novobiocn plus spiramyen 15 not an oplimum one
since sprramyon by stself has refatnely low antistaphylococeal actvity as
compared with erythromyan and shows marked cross resistance with the lat
ter Also there was of of eryth 3n ressstant staphylo
coces 1n the hospital where thew study was cared out A more recent report
of the use of antibsotsc combinatons by Barber et alt suggests that the combt
nation of etythromycan and novobwecin may be more promising sunce erythro
myain fesistant strans <hid not result from the use of this combimation m 108
cases but novobiocin ressstant strans emetged m 2 of their cases
In another tnal of the use of b m bination with ex

i the prophylaxis and of mf wm pattents Wwith burns Lowbury®
reported that Staph sureus was cleared from a higher proportion of covered
burns that were treated with these two antibotics tegether (68 per cent)
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than from bums no {10 per cent)
Also the merapeuhc effect of this mixture was significantly greater than that
of erythromycin used alone and also greater than that of novobiocin used alone
i a small senes of burms Patrents treated by the exposure method did not
usually lose the staphyl dunng with b plus erythro
mycin (or possibly contnued to become remfected) This author found no
evidence of synergistic action of novobiocin with penicitln aganst staphylo
cocci 1 vitro The incrd: of eryth resistant staphy fell dur
1ng the first four weeks of a penod when novobiocin and erythromycin were
used only in combmation minor degrees of resistance to novobiocin began to
appear 1n the second week and there was a gradual increase m the number
of ! Teststant 10 ery cin and shightly resnsmm to novobiocin
from the fifth week on to b first ap d 1n the patients
treated by the exposure method
There 15 an apparent paradox 1n the suggestions that on the one hand the
use of novobiocin be humited to infections with orgamsms resistant to other
antibiotics and on the other hand 1t be used only in combinations with other
antibiotics to which the organism is susceptible However the use of novobiocin
together with another antbiotic to which the Staphylococcus 1s already highly
resistant cannot be expected to provide any additive ox synergistic effect nor
can any protection agamst the lop of be ex
pected [t 1s essential 1n order to avowd or delay the emergence of resistance
that both components of the combinations be active and used simultaneously
Thus statement 15 based on clinical experience with novobiocin and with other
b like P and ery that have a suular tendency
to produce resistant variants when used alone To be sure Barbiers and Lewis®
have reported some synergistic effect of novobiocin plus peniciilin agarmst
both pemaillin-sensittve and pemaillin resistant strains of Staph aureus Pro-
teus vulgans and Proteus retiger: 1n mice and they also found this combma
tion to be supentor n mfections of mice with Str hemolyticus and D preu
momae 1n spite of the fact that this combination was not so good 1 vitro
Rantz et al * also reported some suggestive 1n vitro potentiation or synergism
of penicitlin with novobiocin 1 a few strais that were resistant to both agents
separately It 1s very doubtful however if such combined effects ever come
mto play n the treatment of pemcillin resistant Staphylococcus mfection 1
patients on the other hand the reverse s often true that resistance to novo-
biocin develops in spite of the use of large dosages of pemcilin when the
offending organism 15 a highly resistant penicillmase producing Staphylo-
cocecus
In this connection 1t 1s of interest that Caswell et al12 1p a study of 158
hospital strams of staphylococar tsolated mostly n 1956 found practically
all of them to be sensitve to b: and
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effects of novobiocin have been more or less uniform in their judgment as to
the place of novobiocin 2s an antibactental agent There 1s general agreement
that novobtocmn 1s an effective agent and that 1t 1s clearly ndicated m the
treatment of sertous staphylococcal ifections when other antibiotics have
failed or could be expected to fail due to the resistance of the mfecting strains
to those agents It could also be recommended 1n certain other mnfections with
susceptible organisms when other effective antibiotics are contrandicated due
to hypersensitivity of the patient or when the infection fails to respond to an
adequate dosage of those antibiotics Most of these mvestigators and other
responsible persons have favored himutation of the use of novobiocm to such
cases m order to avoid as far as possible the emergence and spread of
novobiocn resistant staphylococer which can clearly be anticipated to result
from 1ts widespread and mdisciminate use Moreover the frequent occurrence
of skin reactions from 1ts use also justifies this imitation
Novobiooin cannot be ded as the t of choice for the
treatment of 1 or b lytic strep 1 m spite of
the fact that most of the former seem to respond favorably Other less toxic
drugs such as pemcillin erythromycin or the tetracyclines may be expected
to produce equally favorable and usually better results the same ts true with
gonococcal infections
Most observers who have encountered the development of novobiocun
resistant strams of staphylococer during treatment with novobiocin have also
ded that this t never be used alone for the treatment of
staphylococcal infections but that some other agent to which the organism 15
also at least moderately susceptible be given together with the novobiocm at
all times Thus far there 1s still too little mformation available as to the effects
of such use on the emergence of resistant staphylococer dunng treatment
The data presented by Lepper et al ® suggest that such combined treatment 15
only partially and temporanly effective The particular combination chosen
by these workers namely novobrocin plus spiramyemn 1s not an optimum one
since spiramycin by atself has relatively low antistaphylococcal activity as
compared with erythromycmn and shows marked cross resistance with the lat
ter Also there was d of ery yon reststant staphylo
cocer 1n the hosprtal where their study was carnied out A more recent report
of the use of antibiotic combinations by Barber et al* suggests that the combt
nation of erythromycin and novobiocn may be more promising suce erythro
mycm resistant strams did not result from the use of this combination 1n 108
cases but novobiocin resistant strains emerged 1n 2 of their cases
In another tnal of the use of novobtocn m combination with erythromycin
1n the prophylaxis and treatment of mfection in patients with burns Lowbury®
reported that Staph aureus was cleared from a higher proportion of covered
burns that were treated with these two antibiotics together (68 per cent)
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b they ded that novob and chlor 1 the only

two that would be used systemically, be reserved for sigmificant staphylococcal
mnfections that could not be controlled by other means Cooper and Keller 1
m a similar study carned out 1n 1956-1957 with staphylococer of phage pat
tern 42B/44A/47C/52/80/81 1solated from patients and famuly contacts
found them to be sensitive to the same four antibiotics and resistant to tetra
cyclines pemcithn and yein It would therefore seem adwisable that
agents like bacitracin and ch]oramphemcol and at present kanamycin and
neomycin be the drugs of choice for use in combination with novobiocint
order to utlize the latter antibiotic to 1ts best advantage The use of some of
these agents however, will obviously have to be imited to life threatening
cases 1n view of the toxicity of the second agent notably neomycin

CONCLUSIONS

Novobrocin 1s an active antibacterial agent with a spectrum that embraces
most gram positive bactena and a selected number of gram negative ones Its
major therapeutic value at present 1s aganst staphylococcal infections par
ticularly those resistant to other antit mn use namely p it
streptomycin erythromycin and the tetracychines Novobiocin may have some
value n infections caused by other gram positive orgamisms and certain gram
negative ones notably in some cases of uninary tract infections due to relatively
susceptible strans of Proteus particularly when other effective antibiotics have
failed or cannot be tolerated The therapeutic usefulness of novobiocmn 13
hmited on the one hand by the relative frequency with which its use for
penods of a week or more gives rise to shin rashes and on the other hand by
the tendency of bactena particularly staphylococe: and orgamsms found in
unnary tract infections to become resistant to 1t 1n vatro and durning treatment
Because of the latter effect novobiocin should always be used together with
another antibtotic to which the infecting orgamism 1s at Jeast moderately senst
tive and each should be given mn the dosage approprate for that agent i the
particular type of case under treatment
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Chapter V| Vancomycn

Wilham M M kuby
Professor of Medicine University of Washington School of Medicine
Secattle Wash

HISTORY AND DEVELOPMENT

Discovery Vi 15 produced by a p: d d
to which the name Streptomyces ortentalis n sp has been assigned The first
culture was 1solated from a soil sample obtained by a musstonary in the tropical
jungle of Indonesta and two other strains were later isolated from samples of
Indian so1l 20 All three cultures appear to belong to the same species but
differ from all others d in the labl

Purification and Chenustry McCormuck et al'® and Higgins and co workers!?
have presented methods for isclation and punfication of vancomyon The
ongmnal papers should be consulted for details of adsorption of the active prin
ciple on resin and separation of crystalline vancomycin from amorphous mate
nal Vancomycin hydrochlonde 1s a white sohd very soluble i water
moderately soluble 1n aqueous methanol and insoluble i higher alcohols
acetone and ether There appears to be no sigmficant chemical relationship
to any other known antibiotic The molecule 15 very large with a molecular
weight of approximately 3300 The best preparations of vancomyctn have
contamed 4 per cent chlonne 10 per cent carbohydrate and 9 per cent
aspartic acid  Electrophoretic studies have shown that crystallme vancomycin
contains 20 per cent or more of a second component the biological activity of
which has not been o/ q untl these p have
been the ulumate p and biol i activaty of
remain indefinite
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TABLE |

Refative in Vstro Acthsty of Three New Antbioties Agaast Recently
Isolated Stratns of Staph au eve

Takbuacy seneentration sg fmt

Tatal po Creater
Agtivtatic strams than 10 10 s 2t
hasamyee 54 317 8 7 11
Rastocebn 32 o 14 18 2 2
Vancomyem 7 ° o i1 3?7 2

Othes studies showing greater m viird actwaty of vancomycin than of nstocetn
bave been reported by Wise ® Schncrerson et al * and Raruz and Jawetz 2
Bacterserdal Acnon Duning the syuat periad of assay development an un
vsually steep dose response curve was noted with rancomycn suggestog the
Y

possibility of dal activity 18 studics have firmed the
potent t acton of yon agamst multiph taphy
Zeigler et al ¢ studied population changes wath plate coumts and nated that
2pg /ml of the aaub cansed virusal sterd of a cultuze kS
lauvely large lum of staph ¢t within 11 hours Concentravons

less than 2 g/l alo caused o marked decrease m colony counts for the
first 11 hours after which the cufture was able to recover and attamn fmted
muluplicaten o contrast to anttbiotics generally considered 1o be tactenio
static vancomyosn was found to cause ap swmediate kilhing effeet simidar to
that of persellin without a 138 pertod. Studies using washed cells showed that
vancamyern ltke other antibiotics exerts tts bactenidal action ovdy agamst
mulfiplying bactena Geracr and co workess 7 * using a senal dilution proce
dure obwned a total bactenadal effect with 2 8 wg /ml of vancomyent with
fune strasns of staphylocacer and 5 x5 with three strams Other workers
bave also noted that the 2mount of vantomyen required for o bactercdal
cffect was the same as Or at most one or twa twbes tigher than the amownt
needed for bactenostass ¢ # Garrod and Waterworth® conchded 1ot vanco-
mycn, was the most b dal of erght hyl 1 studied.
Wise ® using a conwdersbly larger moculum noted ot more than 50
&g /ml of vancomycin was needed for sotad hilling with sewerad strams of
staphylocacts and no bactencidal effcet was noted with one cufture hucby
ot alt® aleo obsenved that & few colonses of staphyfococer ofien prew when
tubes contaming 100 xg /mi were suboubured after 18 hours It 15 apparent
from these results that wath a large tum and 3 relatively short b
penod bactenadal end ponts obtained with sancomyom are considerably
tugher than thase required for bactenostasis In compagng the results with
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ANTIMICROBIAL ACTIVITY

In Vutro Results Studies by a number of worhers have shown that vanco
mycin has activity against pathogenic bactena other than staphylococe: ® 1 ¥
Since this discussion 1s concerned mamly with staphylococer results with other
bactena can be simply summanzed as follows Sensitive g hemolyuc strepto-

coccr Strep Jaecalis p staphylococe1 Neusseria gonor
rhoeae nonsensitive Escherichia coli Alcaligenes Aerobacter Rlebsiella
Brucella Proteus Pseud: Shigella Sal lla Mjcob tuber

culosis yeasts and fung

Pathogenic staphylococc have been found to be almost uniformly sensitne
to vancomyem mn low concentrations Using a streak plate techmque, Geract
et al? 3 found that 15 of 112 stramns of Micrococcus pyogenes were completely
mhibited by 125 pg/ml 95 by 25 pg/m! and 2 by 5 xg/ml Kirby and
Divelbiss!* reported that 51 of 63 strains of Staphylococcus aureus were 1t
ubited by 2 ug /ml of vancomycin and 12 required 3 pg Of the 63 strams
52 were resistant to the tetracych trep and pemcillin and 19 were
also resistant to chloramphenicol and erythromycin Schnererson and Amster
dam 3 tested 29 erythromycin resistant strains of staphylococer and noted that
90 per cent of them were sensitive to 2 pg /ml or less of vancomycin Rantz
et al? found 41 stramns of staphylococcr sensitive to 5 g /ml or less and
Garrod and Waterworth® reported that 54 of 55 strams were sensitive to 1
pg /ml Fairbrother and Willams* observed that 540 strains of Staph atireus
were all sensitive to vancomycin and Ehrenkranz® reported inhibition of 21
staphylococcal 1solates by 2 ug/ml or less Wise®> and Jawetz et al'* also
reported a series 1n which there was umform whibitton of staphylococer at
concentrations lower than 5 ug /ml Of the hundreds of strams so far studied
only five have shown growth mn concentrations greater than 10 pg/ml
(Schneterson and Amsterdam? three strams Gnffith and Peck!® two stratns)

The effect of serum on the bacteriostatic and bactericidal action of vanco
mycin has been studied ? ¥4 Bacteriostatic end points were usually the same
in serum as mn broth and bactencidal end points were only one or two tubes
hugher 1 serum It can be concluded that the action of vancomycm 1s not
greatly affected by the presence of serum

Tt 15 also of nterest that the activity of v shows httle
with changes 1 pH of the test medium  Streptomycin was found to be approxt
mately 12 tumes more active at pH 8 than at pH 6 whereas vancomycin activ
1ty was altered less than twofold over the same pH range ©

Using a large moculum Kurby et al*s have recently compared bactenostatic
end ponts of vancomyein with those obtained with two other new antibiotics
nstocetin and hapamycin It 15 apparent from table I that nstocetin showed
s activity than vancomycin and hanamyemn was less active than nistocetin

()

les:
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peared so far In a number of patients staphylococe: have been observed to
retan their susceptibility after two to four weeks of vancomycin ther
apy? 7115

Synergism and Antagonism Jawetz et al'® observed a few examples of  true
synérpsm between vancomycm and either neomycin or bacitracn In these
mstances two drugs m combination resulted m an early bactencidal rate m
excess of that achieved with twice the concentration of exther agent alone
When was bimed with chlor 1 or erytt sim
ple additive effects were noted 1e the two drugs together accomplished no
more than double the concentration of one agent acting alone If vancomycin
continues to be effectne when used alone 1ts participation 1n combined anti
biotic activity may not prove to be important chimcally

Arumal Protection Tests Fufty per cent of mice nfected intravenously with
staphylococet died and the survivors all had abscesses 1n the hidneys or other
organs 7 & Of muce treated with vancomycin subcutaneously twice daily all
who recetved a daily dosage of 25 mg /kg survived but total protection
agamst gross lesions required 100 mg /hg

PHARMACOLOGICAL PROPERTIES

Ammal Studies After an mtravenous dose of 10 mg /kg the mitial serum
concentration of vancomycm 1t dogs was more than 25 ug /ml ¥ The Jevel
dropped rapidly during the first 15 minutes and declined rather slowly there
after giving a biological serum half ife of 105 minutes An intramuscular
dose of 20 mg /Kg gave a peak level of 10 yg /ml at one hour which per
sisted for four hours and was still greater than 5 xg /ml at six hours Sixty
seven per cent of the intravenous dose was recovered from the urime withm
24 hours with the majonty being obtaimed dunng the first two hours After
intramuscular mjection about 55 per cent was recovered 1n the urine mostly
duning the first six hours Vancomycn was excreted 1n the bile 1 small quan
tities 1n dogs and was detected 1n even smaller amounts 1n cerebrospinal fluid
The renal cl of vancomycin ap d two thirds of the glomerular
filtration rate based on the filterable fraction of the plasma vancomycin The
antibiotic passed through the placenta from maternal blood to fetal blood and
to amniotic flud i rabbits and from blood to milk 1n cats 1n sigmificant
amounts High concentrations of vancomycin were found 1n the kidneys of
rats and rabbuts and small amounts were present 1n the spleen and liver six
hours after intravenous doses 1¢

Absorption and Excretion in Man Serum concentrations of vancomycin
after single intravenous doses administered over a 20 to 30 minute pentod n
adult men are depicted 1n figure 114 The figures on the chart represent the
averages of levels obtaned 1n 2 patients for 05 Gm 4 patients for 1 Gm
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vanous antibioties 1t 1s abviously wportant to standardize the conditions
under which the tests are performed

A few studies are ble md g that 15 2 more potent
b dal antik than x For example Wise™ fonnd that vanco-
mycm was bactencidal agawst alt but 1 of 13 strams of staphylocoees, wheseas
astocetin was lacking m bactencidal acnon agamst 12 of 13 coltures Schneser
son et & 4 noted that nistocetin failed to prove lethal with 60 of 101 strams
of Staph aureus and concluded that the action of nistocetin agamst this micso
orgamsm 15 with rare exceptions pnmaniv bactenostabe rather than bacte
ncdal Raotz and Jawetz ! studying 42 strams of Staph aurens found
that bautencidal of were threefold 1o more than ten
fold greater than the 24 hour inhibitory With 3
using the same techaique bactencidal and mhubitory concentsations were the
same for 37 of 41 strams and n the other four the bactencidal concentration
was one tube greater It is the opmuon of the author that further studies of the
relative bactenvudal action of antistaphylococeal antibiotics ase needed with
careful attention devoted to vamables that might influence the results An
excellent approach to thus problem has recently been descnibed bv Grundy
eralit

Resistance A qumber of wothers have obsetved that resistance of staphylo-
coccr 10 vancomycm develops very slawly m vitro Ziegler et al ® observed &
131 056 fold ncrease mn the conventratton of penwcillin tolerated by Staph
aureus 209P after 25 exposures while the same bacteriad culture was able 10

tolerate only a four to eightfold higher of youn after
the same number of exp Other staphyl thibited an almost
de { pattern of t0 myan Using a senal subculture tech

mque Gnffith and Peck!® found that resistance to vancomycin did not develop
w 10 stramns of Staph aureus after 25 subcultures m media contuning van
ous concentrations of the anubiotie Garrod and Waterworth ® on the basis of

thetr studies d that to y of such a degree as
to preciude therap effect app ty cannot develop m staphvlococer at
all A relatnvely small degree of resistance was also reported by Geracret al ®
alter 28 dady 1 R was d gradually and m smol

steps and both strams made resistant became rather dysgonie growing more

slowly 1n broth and formng smalier colonies on agar than did the ongmal

strams Using somewhat different techmques Rantz et al 2 and Jawetz et at?

also observed that staphylococe: did not develop resistance to vancomyen 18

viro In contrast Jawetz et al reported a 10 fold to more than 30 fold inwrease
b

n after a single exp to 1
These n vitro observahions suggest that the development of vancomycn
resistant staphyl 3 may be an wfreg m panents Dunng

rather Loted tnals over a three year penod resistant strmns have not ap
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No vancomyem could be detected 1 the blood after oral administration 1
normal subjects but a trace was found m the blood of 1 patient who was
treated for staphyl hitis 7 Unne sp llected after oral

d d that small q were absorbed since bl
amounts appeared m the unne Urninary concentrations were usually less than
3 pg/ml but for unexplamed reasons values of 110 and 170 pg/ml of
unne were obtaned n a few persons 7 Very large quannues of vancomycin
were excreted an the stool after oral
of yem have been d with mild to mods pam 1 and admin
stration has therefore been limuted chiefly to the mtravenous route

Diffusion into Body Fluds and Tissues m Man Vancomycm has been
found to diffuse readily mto pleural ascinc and synovial flmds with concen
trations being considerably higher after multiple than after single doses 7 Data
1 regard to pencardial fluid are less clear cut since some of the specimens
were contamunated with blood Small guantities of vancomycin have been
recovered from bile indicating that the drug is not concentrated there The
antibiotic does not pass wnto the spmal flmd through the normal meniges
even after multiple doses but vancomycin has been found to penetrate mto
the spinal fluid 1n some instances when the meninges are inflamed as a result
of infection ® 4

TOXICITY AND SIDE EFFECTS

Antmal Studies Acute studies showed that vancomycin has a low order of
toxicity n mice rats and guinea pigs * In monkeys and dogs mtravenous
dosage of 25 to 50 mg /Kg daily for three months or longer produced no
signs of toxicity Hematological studies revealed no definite changes 1n the
penipheral blood and termnal bone marrow studies showed no abnormalities
There was no alteration 1n blood urea mtrogen determuinations There was no
evidence of eighth nerve damage m cats 50 mg /Kg ly
for eight weeks Previous studies had shown nystagmus and loss of nghting
reflexes with simlar doses of streptomycin for only four weeks Vancomyein
had Iittle or no effect on the blood pressure respiration electrocardiogram
smtestinal motdity unnary Bow or 1solated gut of expenmental ammals ?

Obsenations it Man With the early lots of vancomycm pamn at the site
of mntravenous mjection and chemical tk lebitis occurred fi i}

fi of the has greatly d this problem With the
relatively pure antibiotic powder available during the past year phlebitis has
occurred n some patients but this has usually caused bitle difficulty In
general there has been little more 1rrtation of vems than 1s present when
glucose solutions are adnunistered separately In a number of patients vanco
mycin was admimstered through femoral or caval catheters with no apparent




128 ANTIBIOTICS MONOGRAPHS | 12

FI6 { Serum concentrauons of
vancomycin after simgle intrave
nous doses admunistered over a 20
10 30 minme period

Hours

and 6 patents for 2 Gm Sunilar results were obtaned i the study of Getaqr
et al although levels dunng the first hour were hgher since the antubiouc
was administered over a four minute penod In the studies of both karby and
Daveltuss™ and Gerac et al' thete wes some tendency toward 2 cumulatne
action when doses were given at 6 to 12 hour intervals Geracs et al obtaned
an average value of 8 4 g /ml three hours after multiple 05 Gm doses at
six hour interval, From the dp of ease of ad and the
wmamntenance of effective levels Kurby and Divelbiss felt that 1 Gm every 12
hours appeared to be the most desirable regimen

In patients with mpaired renal function much higher serum concentrations
were obtained ¥ One patient who mamtaied s blood urea nitrogen of 40
mg /100 m! throughout the course of therapy had 24 hour blood levels of
20 t0 33 pg/ml for a penod of eight days und the concentration was still
5 ug /m} nme days after discontinuing therapy Another who received 2 Gm
every 12 hours and whose biood uren mtrogen was between 40 and 50 per
cent was found to have 12 hour Jevels of 100 pg /ol on three occasions

Vancomyesn 1s excreted chiefly through the hidneys Kurby and Divelbisst
recovered more than 80 per cent of the dose admumistered within a 24 hour
penod and high unpary concentrabons were also reported bv Geraca et al®
and by Gnffith ® Excretion of 30 to 40 per cent of an mtravenous dose in
24 hours was reported by Gnffith Because of large errors 1n the assay method
3t 38 not possible to reconcile these somewhat vanable results n man or to
compare them with those obtained by Lee et al in dogs
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of vancomycm hydrochlonde 1 10 ml rubber stoppered ampoules * At the
tune of use 10 ml of water for injection U SP 1s added to the ampoule of
dry sterile yon powder A 15 only by the mtravenous
roste and can be accomplished m any of the followng ways (1) Direct
mjection Tenml (500 mg vancomyamn) can be mjected directly 1nto a large
arm vein vsing a 10 ml synnge This mjection should be given slowly over
at least a four minute penod This can be repeated at six- to erght hour
1ntervals so that the total daily dosage will be 15 to 20 Gm  (phlebitis ap
peats to be more frequent with this method) (2) Rapid infusion Ten to
20ml (05 to 1 Gm ) can be added to 100 to 200 ml of normal salne or
5 per cent glucose This intravenous infusion can be given rapidly over a
period of 20 to 30 mmutes every 12 hours so that the patient will receve 1 to
2 Gm /day Smaller amounts can be given every six to eight hours but this
probably offers no advantages (3) Contmuous mjection Two to 4 ampoules
(1to 2 Gm ) can be added to a 1000 or 2000 ml bottle of normal saline
or 5 per cent glucose This can be adminstered slowly by dnp over a 24 hour
penod so that the pauem receives 1 to 2 Gm /day (4) 1f the patient 1s receav
ng fluds matenal with which vancomycin
may not be compatible 1t 15 possible to dilute the vancomycin as 1n method 2
and swiich botles

Method 2 1s the one preferred by the author and the usual daily dosage for
adults 13 1 Gm every 12 hours Three or four Gm daily may be given mtially
if the patient has an overshelming infection and the blood urea mitrogen 1s
normal  After the infection has been brought under control (ordinarily in five
to seven days) a single dose of 1 Gm can be admmistered daily Dosages
larger than 2 Gm daily are not often mdicated The anubiotic may be admun
stered at six or eight hour intervals but this probably offers no advantages
and 1s considerably more difficult when a new intravenous mfusion 1s started
for exch dose For wnfections 1n children vancomycin may be used m a dosage
of 20 mg /b of body weight daly Blood and unne concentrations that can
be anticipated with the dosages referred to have been presented 1 the section
on pharmacological properties and will not be repeated here

USE IN STAPHYLOCOCCAL DISEASE

Vancomycin did not become available commercially uatil late 1958 and
it as been used chmcally 1n a relatively small number of patients In addition
to clincal tnals reported 1n the medical Iterature the author has had access
to unpublished case reports from dozens of 1nvestigators which were collected
by the Eh Lilly & Company and submutted to the Federal Food and Drug

as part of the app for approval Although some of the

* The wade name of Eli Lilly & Co for vancomyem 15 Vancocin



130 ANTIBIOTICS MONGGRAPHS | 12

deletenous effects Phlebitis can be mimmized by using relatively dilute solu
tions and by alternating the sites of tnjection Rapid intrasenous 1mjection has
also caused a feeling of warmth and generalized tingling 1n some patients but
does not occur when the dose 1s given over a period of 20 to 30 menutes

As 15 true with some other pounds of high molecular weight,
charactenized by chills fever urticarial eruptions or macular rashes have
occurred during or after the admimistration of vancomycin 1n some patients
These reactions were quite common with the early lots and are still encoun
tered but have occurred less frequently dunng the past year When they do
occur the drug should be discontinued at once the symptoms seem to be
alleniated by admunstration of antihistamines In some patients we have been
able to ycin by adi Ing b with the ntra
venous mfusion for several days and there have been no further reactions
when the antihistamunes were then stopped In other patents vancomycn
was tolerated several months later without reactions In 2 pauents a rash
occurred with vancomycin and nstocetin was then used for therapy without
side effects We have simiarly noted patients who developed a rash with
nstocetin but tolerated vancomycin without difficulty Three patients wath
fever rash and nnging n the ears had previously received prolonged anti
biotic therapy for ostcomyelit: 2 the possibility of cross
with other antibiotics such as streptomyem 5

Shight renal umtation was noted 1 a few mstances with early smpurze lots
of vancomycm * but signs of neph have been pletely laching
durning the past year*® In no instance has there been an abnormality of the
uninary sediment and m a number of cases there was a decline m the blood
urea nitrogen wlule the patient was on therapy The manifestauons of renal
1rmtation previously noted appear to have been eltminated by the preparations
of vancomycin now avalable There has also been no evidence of hematologt
cal or hepatic toxicity reported so far

Deafness has been descibed 1n association with very ligh vancomycin
serum concentrations n a few patients ¢ ® Decreased auditory acusty has oc
curred with blood levels 1n excess of 90 pg /ml which 15 5 to 10 times
greater than the necessary therapeutic concentration Because of these obser
vations vancomyecin should be used cautiously 1n patients with reduced renal
funchon with defernunanions of blood wiea mitrogen and andiory acwiy
every two to three days The dosage of vancomycin should be lowered
proportion to the degree of renal wsufficiency and blood levels of vancomyein
should be determmed if feasible

DOSAGE FORMS AND METHODS OF ADMINISTRATION

Vancomycin 1s available so far 1n only onc dosage form namely as 05 Gm



ANTIBIOTIC THERAPY FOR STAPHYLOCOCCAL DiSEASES 133

there have also been disappointing fallures At autopsy abscesses have nvarn
ably been present 1n a number of organs other than the lungs

Ehrenkranz? has recently reported good results 1n several cases of staphylo
coccal preumona after other antibiotics had faled The detailed case reports
mncluded 1n lis paper would be particularly helpful to those confronted with
sumlar problems

The role of vancomycin therapy m treating staphylococcal empyema has
not been clearly delineated As noted in the section on pharmacological prop
erties the antibiotic diffuses readily mto pleural fimd In the senies reported
by Ehrenkranz a 13 year old boy with staphylococcal empyema was treated
successfully with vancomycin after catheter dramnage and therapy with other
antibrotics had apparently faled On the other hand Geracs et 317 discontinued
vancomycin after four doses because no antibiotic could be demonstrated 1n
an empyema pocket It 1s apparent that more expenence 15 needed before any
conclusions can be drawn One of the most 1mp features of the
of staph 1 empy will undoubtedly continue to be surgical dram
age1®

and Despite d 1n climcal
evaluation and the relatively small number of cases so far treated promising
results have been obtaned 1 patients with blood stream nfections caused
by antibiotic resistant staphylococc: In a number of wmstances there has been
a dramatic response to vancomycm therapy after other antibiotics had failed
In patients with overwhelmmg septicemias and m those with deep seated
abscesses throughout the tissues there have also been a number of fail
ures

Geraci et al® obtained unsatisfactory results with multiple antibiotic therapy
1n acute staphylococcal endocarditis over a period of several years Five of 23
patients were cured with penicillin streptomycin therapy but these were all
cases of the chronic or subacute type No patients with acute staphylococcal
endocarditis were cured prior to the advent of vancomycin 1 1956 Subse
quently 4 of 6 patients were cured by vancomycmn and a fifth died of conges
e failure two weeks after therapy was terminated with the infection under
control blood cultures negative and the lesions healing The sixth patent
who also died of ntractable congestive falure had a severe and fulminating
infection which was not controlled by vancomycm therapy The 4 patients
for whom was recenved for 28 20 28 and
18 days respectively The Ailling effect shown by serum bacterscidal tests
all cases was so good that the authors suggested that short term (two weeks)
vancomycin therapy mught be practical and curatine This regumen with a
swgle antibiotic 15 1 marked contrast to the four to six weeks of therapy
previously given with massive dosages of pcmcnllm combm:d with strepto
mycin probenecid and either ery or b of
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1

must be dered rather the total climcal expenence
has been sufficent to make a prelmnary evaluation

Stapkylococcal Infections of Skin and Soft Tissues Results 1n soft tissue
mfecuons have been umformly good which 15 not surprising n view of the
potent bactenicadal action of vancomyein A prompt response to therapy bas
been noted 1n pauents with celluliis recurrent furunculosis and large car
buncles 7 1° 34 18 Surgical drainage 1s often an important adjunct to therapy
Because of difficulties i admimustration vancomycin should be reserved for
cases 1 which there has been a failure to respond to other anubiotics to
those caused by antibiotic phyl c1 and to 1n which
the lestions are potentially Iife lhrea!cmng as in deep carbuncles and m
cellulitis about the face

A good response to vancomycin has been reported 1n a number of patients
with deep postoperative wound infections 7 © 14 In such instances vancomycin
may be considered the drug of choice 1 view of the likelthood that the etio
logical ate b phyl o1 and the tend: far
these deep seated infections 15 to spread to other organs through the blood
stream Good results have also been reported i patients with postoperative
staphylococcal enterocolitis 7 ® In some of these cases vancomycn has been
given by the oral route alone

Staphylococcal Pneumoma and Empyema Prnmary staphylococcal poeu
monia 1s relatnely rare In the majonty of mstances preumoma caused by
this orgamsm results from aspiratron exther postoperatively or 1n debilitated 9
patients who fall prey to this ubiquitous organism while they are receiving
treatment 1n the hospital for other diseases The author and his assoctates'®
recently reported the results of vancomycin therapy 1n 8 such patients at the
King County Hospital 2 of whom had blood cultures positive for staphylo-
cocer Defervescence was rather slow in some mstances but a good response
was obtained 1 all 8 cases and the duration of therapy vaned from 7 to 14
days Despite the fact that the diagnosis was made early muitiple hung
abscesses formed 1n several of the cases and mn all instances these gradually
cleared without the necessity of surgical dramage or resection Failure to
respond to therapy has been observed m a number of patients with over
These patients were virtually monbund
when the dmgmsxs was made and death occurred after only a few doses of
vancomycin had been given

Staphylococcal paeumonia also occurs by hematogenous spread from a
focus elsewhere m the body for example osteomyeltis or a deep wound m
fection Multiple bilateral Jung abscesses frcqu:n(ly develop and prognoasis 1
dependent on the seventy of the of and
of abscesses 1n other tissues and the stage of me illness at which vancomycin
therapy 15 wnstituted The author has observed apparently dramatie cures and
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e concluded that vancomycm has an important place 1n the treatment of

severe staphylococcal mfections
Unpublished reports by clhnical mvestigators throughout the country de
serve brief comment Cures were obtaned m 6 patients with staphylococcal
septicernia by one mvestigator and there were also several falures It was
poted that blood cultures remamed positive for three or four days after
vancomycin was started m some patients who were treated successfully This
mvestigator also observed hat blood cultures sometimes showed no growth
for three or four days after which the broth became cloudy and staphylococe
were obtamed on subculture Several other cases were reported i which
vancomycin brought about an apparent cure after a failure to respond to other
1 antib ludime b ety

thromycin  and novobiocin

Osteomyelins Although the number of cases so far treated 1s small the
reports suggest that staphylococcal osteomyehtis and septic arthnitis respond to
vancomycin 1 a manner similar to response to penicilin when the mnfecting

are ble to that In brief acute osteomyehtts 1s

often cured by vapcomycin therapy alone whereas in chromc cases there 15
marked improvement with a decrease 1n toxicity and closing of drammng
smuses but relapses usually occur unless by therapy 18
by removal of necrotic tissue and devitalized bone

Ehrenkranz® described a 51 year old man with osteomyelitis and septic
arthritis of the nght knee with persistent pan and dramage after four months
of antibiotic therapy Remarkable improvement occurred with a two weeh
course of vancomycin Cultures of the knee became negative for staphylococer
the excess synovial fluid disappeared and the draiming and pam subsided A
75 year old man developed staphylococcal arthnis of the knee after a frac
tured patella He failed to respond to other antibiotics and blood cultures
became positive for staphylococer The patient then received a 15 day course
of vancomycin therapy and had progressive improvement with subsidence of
both local and general symptoms and healing of the knee The third case
repotted by Ehrenkranz was a 13 year old white boy with osteomyelitis of the
nght humerus and femur which cleared after 2 two week course of vancomy
cn therapy In all 3 cases there seemed to be a defimte response to the
bactencidal action of vancomyein after antibiotics with a pumanly bactenio
static action had failed to eradicate the mfection

Geract et al? also obtained good results in 2 patients with osteomyelitis who
recerved therapy in with surgery Kby et alt¢ 15
treated 4 patients with chronic osteomyels with 1 Gm - of vancomycin daily
for three or four weehs In all cases signs of inflammation subsided and there
was a cessation of dramage from sinus tracts In all instances however a
relapse occurred within a few weeks to several months later demonstrating
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all these agents in high dosage for this long a period was obviously cumber
some highly expensive and time consuming

karby et al' recently reported favorable clinical results m 17 patients with
staphylococcal septicenua This 1s of considerable importance 1 view of the
high mortality rate usually associated with this disease Thirteen of the 17
patients were cured of the mfection Two patients died at a later date 1 of
metastatic cancer and the other of pyelonephrntis secondary to prostatic dis
ease At autopsy the latter patient showed evid of healed staphylococcal
endocarditis Of the 4 patients who died duning or shortly after therapy the
infection seemed to be favorably influenced in 3 One died of a massive gastro
mtestinal hemorrhage on the sixth day of therapy although her temperature
was declining Another 88 years old with a severe wound infection of the
hip died of heart failure on the eighth day of therapy although the infecton
seemed to have responded and she was afebnile A 71 year old woman with
fever and positive blood cultures after surgery for cancer of the colon re
sponded well to vancomycn and was sent to a nursing home afebnle with
negative blood cultures after two weeks of therapy Fever returned two weeks
later and the patient died with positive blood cultures and a relapse of staphy
lococcal endocarditis Although she was classified as a poor result the imtial
response to therapy was good 1n this patient and she might have recovered if
treatment had been continued for four to six weeks The fourth pauent who
was considered a failure had severe thud degree burns of the entire body
with anuna and hypogammaglobulinerma Only 3 of the 17 patents with
staphyl received ycin for more than 16 days sug
gesting that short term vancomycin therapy may be feasible 1n some cases as
suggested by Geraci et al ® Of the 13 patients with staphylococcal septicemia
who were cured there were a number who responded after other antit

had failed and in some the adi on of ycin was d with
ad drop 1 p and mp m chnical d In
other the p declined more slowly but blood cultures

became negatne and clinrcal improvement was evident withmn a few days In
3 cases the blood cultures remamned positive for two to four days after van
comycin was started although colony counts were markedly decreased on the
pour plates

Ehrenkran2? treated 10 patients with severe staphylococcal infections with
vancomyein after they had failed to respond to at least five days of therapy
with other antibiotics Seven of the 10 patients were treated successfully and
the 3 who died all had senous underlying medical diseases or metabolic dts
orders Four of the 10 had positive blood cultures for staphylococc: 2 of
these were cured and 2 died Ehrenkranz was impressed with the bactericidal
effect of cn at ch 1l and the absence
of P of resistant staphyl dunng therapy and
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the difficulties 1n bringing about a permanent cure in osteomyeliis unless
definitive surgery can be performed in conjunction with antbiotic therapy
The author has recently treated a patient with acute staphylococcal arthritis
of the nght knec successfully with two weeks of vancomycin intravenously
together with repeated aspirations of pus from the joint On one occaston the
jont flmd was found to contamn 10 pg/ml of vancomycm Another recent
patient with staphylococcal arthnitis of the night shoulder jomnt had relapsed
twice after therapy with other antibiotics and catheter dramnage He became
afebrile on vancomycin therapy but again relapsed when 1t was discontinued
and he 15 bewng re treated with vancomycn sa addition to open dramage In
septic arthntis as 1n osteomyehtis 1t 1s obviously important to start vancomy
cin therapy early 1f surgery 1s to be avoided A third patient seen recently was
a young woman who had severe pamn in the left hip and negative roentgeno
grams of the bones but blood cultures were positive for staphylococer She
recerved 2 Gm of vancomycin daily for two weeks after which she remamed
afebrile and blood cultures were negative Subsequent films showed the typical
roentgenographic changes of acute osteomyehiis and she has shown steady
1mprovement with appropnate orthopedic management

SUMMARY

Vancomycin ts a potent bacterictdal antibiotic that has given promising
therapeutic results 1n a vanety of staphylococcal infections Because of diffi
culties 1n administration 1t should be used chiefly for severe infections unhikely
to respond to other b High serum are readily ob
tamned and resistant hyl have so far not been encoun
tered Side effects consisting of chills fever and rashes have occurred 1n
some patients The antibiotic should be gwven cautiously in the presence of
renal smce serum 1ons of have
caused deafness 1n a few patients
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CHEMISTRY

Two closely related substances nstocetins A and B have been obtained 1n
crystalline form from the fer broth produced by this
They are amp 1© with molecular weights n the range of 2500

to 4000 * and contain amino phenolic and sugar groups i the molecule
They are soluble m acid solution less soluble at a neutral pH range and
msoluble m orgamic solvents Both compounds have excellent stability 1 acid
solutions but are readily mactivated above pH 70 They have been 1solated
as the free bases and crystallized as the sulfates

No clear cut differentiation of the two nistocetms can be made by mfrared
or ultraviolet absorption spectra anthrone or reducing sugar determinations
optical rotation elemental analyses or other chemical tests Separation can
be accomplished however by filter paper electrophoresis and paper or carbon
column chromatography By the use of broth dilution assays on three strams
of Streptococcus nstocetin B was found to be three to four times as active as
nistocetn A which has an arbitranly assigned potency of 1000 units/mg 2

Rustocetin 15 produced by submerged fermentation 1n a variety of medta
Media m which soybean meal and glucose are the chief constituents give yields
of about 500 g /ml after three to four days growth The antibiotic 1s recov
ered by a carbon adsorption process

STABILITY

Grundy et al'® noted that the activity of nistocetin 1s relatively unaffected
by blood or serum Six orgamisms mcluding two staphylococer an enterococ
cus a hemolytic Streptococcus and a strain of Diplococcus preumoniae
were tested against the antibiotic by the tube diluuon method Identical end
points were recorded with the basal medium and media contaiming either 10
per cent 1abbit blood or 20 per cent horse serum

These workers also found that the pH of test media does not sigmficantly
alter the actvity of the antibiotic between pH 50 and 75 At pH 7 5 or higher
the antibiotic 1s unstable at 37 C

Studies 1n our own laboratory mdicate that body fluds contaimng nistocetin
may be stored at 10 C for at Jeast five days without deterioration

ASSAY METHODS

Grundy et al'* have assayed nstocetin by the paper disc plate method of
assay a modification of the streptomycin method of Loo et al® Bacillus
subthis ATCC 10707 15 used as a test orgamsm and provides clear sharp
zones of mhibition They have also employed a tube dilution procedure using
a saphrophytic stramn of Corynebacterum which will detect 125 pg /ml
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HISTORY AND DEVELOPMENT

Although the current peniod has seen m

b

apy difficult problems 1n infectious disease are sull present This 15 particu
larly so of infections due to the Staphylococcus One of the most effective of
the newer antibiotics m combatting this type of nfection 1s nistocetin * first

1solated by Grundy et al'® from cultures of Nocardia lurida

The latter 1s an actmomycete that was ssolated from a soil sample collected
1n the Garden of the Gods Colorado Spnings Colorado by conventonal
dilutron technigues This new species does not have the charactenistics of the
previous members of the genus No other actinomycete that produces nistocetin

has been found
* The trade name of Abbott Laboratonies for ristocetin 1s Spontin
138
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TABLE 1 (Continued)
Antimucrobual Spectrum of Ristocetin

immum
nhubitory concentration
»g /ml

Culture
Streptococcus pyogenes ATCC 77 1
Streptococcus uberus ATCC 1
Trichomonas vaginahs C >50
Trchomonas foetus QO >50
Trichophyton mentagrophytes ATCC 9533 25
Trchophyton tensitrans ATCC 1 >25

Resistant to ane of more of the mmmerclally avmlab]e antibiotics
Reprinted with permission from Grundy et

A turbrdimetne metbod of assay has been descnibed by Eisenberg and
Rurschbaum® utikzing Staphylo.occus aureus ATCC 6538p as the test organ
1sm

Our techmque for assay of mistocetin levels 15 a modification of the tbe
dilution method of Rammelhamp 2* By this method 0625 to 125 pg/ml
can be detected

ANTIMICROBIAL ACTIVITY

In Vitro Studies Rustocetm is generally specific aganst gram positive bac
tera and mycobactena A summary of early m vitro tests'? 1s presented
table I It 1s not active against gram neganve bactena including Hemophilus
influenae N and Neiss halis Yeasts filamen
tous fungr and a few protozoa that were tested were not sensitive

Additional 1 vitro sensitvity studies were carned out 1n our laboratory 8
using 235 strawns of vantous microorgamsms isolated from hospital pattents
The results of these studies are shown 1n table II We have also found ns
tocetin effective agatast Ne foege Studies by S etal®
revealed the same pattern of 1n vitro fesponse based on the determination of
mimsmum iahibitoty concentration

Cultures of Staph aureus that are Tesistant (o one or several of the com

weially avadabl b ding p P chloram
phenicol the h: 1 pol B b and olean
domycin are responsise to nswcetm Cmss resistance between nistocetn and
these anuibiotics apparently does not occur®* 8 ® In our Jaboratory we have

not observed cross resistance between nistocetin and vancomycin or hama
myan
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TABLE I

of

Culture

inimum
inlibitory cancentration,

Acnnomyces borr ATCC 10049

Aerobacter aerogenes ATCC 129 >100
Aspergillus miger ATCC 6277 >25
Bacillus cereus ATCC 7064 125
Bacillus subtilis ATCC 10707 05
Candida albicans ATCC 10231 >25
Chaetomium globosum ATCC 6205 >25
[of perfringens ATCC 10543 025
Ci TCC 10000 20
Ci retant ATCC 944 05
Cor ATCC 6981 0125
Corynebacterium pyagenes ATCC 8164 2
Diplococcus pneumoniae ATCC 6301 2
Diplococcus preumoniae ATCC 6303 2
Endamoeba lustolyica NRS >50
Fscherichia coli ATCC 6880 >100
Hemophilus influen ae ATCC 9333 >50
Alebsiella pnenmonae ATCC 10031 >100
Lactobacillus cases ATCC 7. >100
Lactobacillus planiarum ATC >100
Leuconostoc mesenteroides ATCC 8042 >100
Smph))o:ou‘u: aureus ATCC 6538P 4
Staphylococcus aureus Lxlly 25592 8
Staph lococcus aureus M1 8
Staphylococcus aureus l\ﬂh' 8
Staphylococcus aureus 1251% 8
Staph lococcus aureus 1244C* 8
Stapinlococcus aurewus MIH 5% 8
M rothecium verrucaria ATCC 9095 >25
Mycobacterium smegmans ATCC 10143 s
My cobacterium species ATCC 607 05
M cobacterium tubercilosis HeRv 20
Neisserta catarrhalis ATCC 7900 >50
Neisseria memngiidis ATCC 6253 3
Nocardia asteroides ATCC 9970 >50
Proteus yulganis ATCC 6897 >100
Pseudomonas aeruginosa ATCC 10145 > 100
Rhodosorula rubra NRRL Y 1592 >100
Saccharomyces pastorianus ATCC 2366 >100
Saccharomces ceres isiae 2100
Salmonella parary pit ATCC >100
Salmonella schottmullert ATCC 9]49 >100
Salmonelia 1 phosa ATCC >100
Sarcina futea ATCC 9.
Serrania marcescens ATCC 64 >100
Shigella dysenteriae ATCC Si100
Streptococets e, A:":r%c 9926 i
treptococcus dysgalacliae
e oeus facealis ATCC 10841 4
Streptocorcus pyogenes ATCC 8668 8§

Streptococcus pyogenes ATCC 9342

Table I Continued on Page 141
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TABLE Il (Continued)
Ristocetin Minimum Inhibstery C for 235

(Tube Dilution Method)

Rustocenin * n Vitro Sensun ity Tests with 15 Strains

Grim negative Microorganisms

No of

Microorgamsm strams g fml
Fnedfander s bacillus 6 >s0
Proteus 2 S50
Colon intermeduate 1 S50
Salmonella paratypht 1 S50
Escherichia cols 1 S50
Ps aerugmosa 1 S>30
H nfluen ae 3 S50

* Rustocetin lot o E 5330 (purty 500 &g /mg )

Mode of Action Early studies by Grundy et al'! of the antimicrobial activ
ity of nstocein indicated that bactencidal concentrations oply slightly
exceeded bacterostatic levels This 1s illustrated in table III which summa
nizes their study of Staphylococcus albus 3519 an organism 1solated from a
patient with bactenial endocarditis Thewr twofold senal dilution studies re
vealed only a one tube difference between the munimum inhibitory concentra

tion at 24 hours and the bactenicidal level
The bactericidal activaty of nistocetin 1s apparently not

TABLE IIT

restricted to actively
dividing cells ' The activity of the anublotic was determned agamwst cells
from 3 and 24 hour cultures of Staph aureus MIH 2 The data presented 1
table IV indicate no stuhing differences in the rate of kilhng cells from the

Bactenaidal Action of Ristocetin agawst Staph albus 3519

Ristocetin concentration 4g/mi
tme hr 32¢ 16+ 3

0 (control)

Number of viable cells per ml
0

1.2 000 111 500 111 000
2 51000 105 500 116 500
4 1290 11200 105 500
6 255 1070 85 000

24 <5 1385 9950 000

106 500

16,500 000
560 000 000

Minimum snhibitory concentration of 48 hour test
t Mintmum tnhabitory cancentration of 24 hour test.
Repnnted with permission from Grundy et al
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TABLE II

for 235

C
(Tube Dilution Method)

Ristocenn in Viro Sensitnvity Tests with 74 Strains of D pneumomae

No of
strains #g /mi Lot no
9 02-10 E 5330
23 20-30 (punity SO0 pg /mg)
27 02-05 E 5626
2 10-20 (punty 774 xg/mg)
1 <01-01 E 5903
12 0205 (punity 863 ug /mg)

Rustocetin in Vitro Sensunity Tests with 56 Strans of
Coagulase positive Micrococcus pyogenes rar auteus

No of
strains wg /ml Lot po
3 40- 50 E 5330
14 100-140 (punity 500 ug/mg)
4 200-500
13 20- 30 E 5626
14 40- 50 (punty 774 ug /mg)
7 20-30 E 5903
1 40- 50 (punty 863 ug/mg)
Rustocenin in Viro Sensunity Tests with 90 Strains of Streptococes
a
Group A hemolyuc
8 treplococcus
virudans  Ei #g /ml Lot no
4 1 5 <01-03 E 5330
9 1 2 10- 50 (purity 500 pg /mg)
9 60- 80
6 100-200
2 1 <01-05 E 5626
Z 4 6 10- 50 (punty 774 g /mg)
1 3 100-200
7 <01-05 E 5503
.{ § 5 10- 50 (purity 861 ug /mg)
1 2 100-.00

Table Il Continued on Page 143
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and Streptococcus mutis Schneterson et al ® arnved at essentially the same
conclusion using a different techmique

STUDIES OF BACTERJAL RESISTANCE TO RISTOCETIN

Grundy et al 1 1n a study of more than 400 cultures of streptococer staphy-
Iococar and found none iy resistant to These
were largely 1solates from three hospital laboratones and wncluded many cul
tures that were resistant to one or more of the commercially available antt
biotics

Bactenia do not readily acquire resistance to nstocetin 1 vitro In the early
studies using a crude preparation Grundy et al'* were unsuccessful m thewr
attempts to develop fi Both the tional seral transfer
techmque and the Szybalskx gradient plate techmque were used m their
expeniments and six cultures of staphylococc1 were tested with cach tech
mque All staphylococer were recent 1solates from clinical specimens and
several were resistant to one or more of the commercially available anti
otics No marked increase m resistance was observed with either of these
sertes of transfers An eightfold mcrease 1n resistance was the highest attamed
and thus occurred 1 only one strain

Subsequently comparative studies were carned out with crystalline prepa
ratiops of mstocetins A and B using a strain of Staph albus two strains of
Staph aureus and two strains of enterococcus None of the cultures acquired
marked resistance m 20 senal transfers An eightfold mcrease n tolerance
was the greatest change observed and resistance appeared to develop more
slowly to B than to Aortoa b of both Agamn
the eightfold increase was attained 1z only one of the strams

Romansky et al & m a prelumnary report studied the development of
resistance to mistocetin by the senal tube dilution subculture method Two
strains of Staph aureus were used both of which had been isolated ongmally
from purulent exudates A comparison was made between nstocetin pemcil
Iin and er No to nstocetn developed m these
two strains after 45 subcultures By way of contrast the orgamsms showed a
40 to 100 fold increase mn tol top by the
One of the strains showed a tenfold and the other a 100 fold increase 1n toler
ance o er by the b

Hsie et al'® using an agar gradient techmque showed that hyl
slowly develop a low order of resistance to nstocetin Measuning antibiouc
effect i terms of threshold concentration * they were able to nduce only

Hsic et al defined “threshold concentration” of an antibiotic as the concentration at
which the greatest majonity of a bactenal population succumb to 1it, and only a small
fraction of the population, say ome or a few m mullions or 50 can survive and grow
to develop visible colonies ™
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younger culture were destroyed only shghtly faster than cells from the 24 bour
culture

The same authors found that mstocetin displayed bactencadal actvity
agamnst the Har Ry stramn of human Mycobacterium tuberculosss After tna
weeks t in 3 med tysorbate 80 the bacteniostane
concentration was found 1o be 2 to 4 g /m! The bacteniadal concentration
designated as falure of growth three weeks after subculture was § to 16
g /ml After fonged b the b %as
found to nise to levels approaching 8 to 16 g /ml

In our mutial studies we observed a martow range between bactenostatic

and bactercrdal effect agamst p strep and staphylococct
As lab y data have tated h some strams have shown &
greater vanabifity 10 thus range Nonethefess n studies emp both tube

and pour plate subrulture techmques w appears that the majonty of the
mucroorganssms will be bacterierdally affected at levels close to the mmmum
miubitory concentration In relation to chimeal appheations this would explan
the ful results ot d without blood levels at the max
mum bacterscidat pomt

Geract 1 citing data of Halman noted a wider range between bactene
static and bactencidal effect 1n some stramns of staphyfococer enterococct

TABLE IV
Cs 0 of fi gainst & 3 Hour
and a 24 nour Culmre o Staph aurens a0 2

Rustocetin concentration ug /mt

ume br 32 16 8 9
Log of numb able cell: mi
633 f 5 ers of yiable cells per 61 P
57 (57 {37 £58)
2 46 44 47
46 (45 {456) {65)
4 30 33 35 a0
(6325 £39) 338 on
& 25 16 8 13
(3t} an {333 &84)
24 approx 07 appiox 13 43 86
(appplvx 1y 2% {58) 92)
<07 <07 91 20
“ {<07) (<07} 90> (23]
e

* Three hour culture
+ Tweaty feur hour cuitul

Reprted with penmssmn from Grundy et 2t
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and Streptococcus minis Schneierson et al ® arnved at essentially the same
conclusion using a different technique

STUDIES OF BACTERIAL RESISTANCE TO RISTOCETIN

Grundy et al * 1n a study of more than 400 cultures of streptococes staphy
lococer and pneumococc found none naturally resistant to mstocetn These
were largely 1solates from three hospital laboratories and included many cul
tures that were resistant to one or more of the commercially available anti
biotics

Bactena do not readily acquire resistance to nstocetn 1 vitro In the early
studies using a crude preparation Grundy et al't were unsuccessful m their
attempts to develop 1gmif Both the I senal transfer
technique and the Szybalski gradient plate techmique were used m their
expenments and six cultures of staphylococc were tested with each tech
nique Al staphylococer were recent isolates from chnwal specimens and
several were resistant to one or more of the commercially available antt
biotics No marked increase in resistance was observed with either of these
senes of transfers An erghtfold sncrease 1n resistance was the highest attaned
and thus occurred 1n only one strain

Subsequently comparative studies were carned out with crystalline prepa
rations of nstocetins A and B using a strain of Staph albus two strains of
Staph aureus and two stramns of enterococcus None of the cultures acquired
marked resistance in 20 serial transfers An eightfold increase in tolerance
was the preatest change obscrved and resistance appeared to develop more
slowly to nstocetin B than to nstocetn A or to a combmation of bath Again
the esghtfold increase was attained 1n only one of the strains

Romansky et al? m a prelminary report studied the development of
resistance to nstocetin by the serial tube dilution subculture method Two
strains of Staph aureus were used both of which had been 1solated ongmally
from purulent exudates A comparison was made between nstocclm pemal

lin and eryth No to ristocetin developed 1n these
two strains after 45 subcultures By way of contrast the orgamisms shov\ed a
40 to 100 fold increase 1n to p 1ln by the f

One of the strains showed a tenfold and lhe olher 2 100 fold increase 1n toler
ance to er n by the eigh
Hsie et al ' using an agar gradient tech showed that staph
slowly develop a low order of to M
effect 1n terms of threshold concentration * they were able to nduce only

* Hsie et 2l defined threshold concentrauon of an antibiotic as “the concentration at
which the greatest majorty of a bactertal population succumb to i, and only a small
fracuon of the population say one of a few tn mullions or 50 can survive and grow
10 develop wisible colamies.
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younger culture were destroyed only slightly faster than cells from the 24 hour
culture

The same authors found that nistocetin displayed bactencidal actity
agamst the Ha; Rv strain of human Mycobacterium tuberculosis After two
weeks wpicubation m a medum contaimng polysorbate 80 the bacterostac
concentration was found to be 2 10 4 pg /ml The bactencidal concentration
designated as failure of growth three wecks after subculture was 8 to 16
rg/ml After prolonged incubation the bactenostatic concentration was
found to mise to levels approaching 8 to 16 xg /ml

In our mtial studies we observed a narrow range between bactenostatic
and bactencidal effect agamst p. P and 1
As laboratory data have accumulated however some stramns have shown a
greater vanabihity 1n tus range Nonetheless in studies employing both tube
and pour plate subculture techmques it appears that the majonity of the
microorganisms will be bactericidally affected at levels close to the mummum
hibitory concentration In relation to chimcal applications thts would explain
the ful results ot d without g blood levels at the max1
mum bactericidal pornt

Geract 1 aiting data of Heilman noted a wider range between bacteno
static and bactenicidal effect in some stramns of staphylococcl, enterococcl,

TABLE 1V
Ce Action of against a 3 Hour
and a 24 Hour Culture of Siaph aureus MIH 2
Incubation Ristocetin concentration ug /ml
ume hr 32 16 8 o
Log of numbers of viable cells per m!
o 59 61 59
Nt 57 (57) 58
2 46 44 47 72
46) 45 16) (65)
4 30 33 3s 80
a9 39 (€X))] an
6 28 26 28 8
31 G2 33) (84
24 approx 07 approx 13 48 926
(-’lpgmx. 10) 29) (58) ¥2)
48 <07 <07 91 9
(<07 (<07) (50) [¢2)]

* Three hour c:nure -
four hour culture
! {\:;:zed with permussion froat Grunady et al !
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The dosages of nistocetin required to provide varsous degrees of protection
were determimed for the three test infections Expenments were carmied out
employing a combination of nstocetin and gamma globulin 10 amounts that
1ndividually were mmimally effective The results are summanzed 1n table VII

In all cases the combmation of gamma globuhn and nstocetn produced a
greater 10-day survival than did either agent alone The effectiencss of
gamma globulm 1n enhancing the 1n vivo effect of nstocetin appeared to be
greatest 1n strep 1 snf next m staphyl al and least 1n pneu
mococcal It 1s of interest that gamma globulin extubited a defimite effect in

TABLE VI
Treatment ot Mice Kafected with Streptococaa by Gamma Globulin Only

Ca!lc‘gated Control
ntro 1
siepiococet  (n0 gamma _Dilouon of pamma giohulin_
mjected slobukin) 1720 1/40 1/80
1 50¢ 100 90 100
0 10 70 90 80
100 0 50 50 70
1000 [} 20 40 20
10000 ] ¢ 0

Treatment of Mice Infected with Staphylococei by Gamma Globulin

Cakulated
o Contro} X
suphylocoect  (n famma _ Diaton of gamma globulin
imjected globulin) 1720 1/40 1/80
1 70 100 100 100
10 [ 100 70 70
100 0 60 20 10
1000 0 20 10 [

Treaiment of Muce Infected with Preumococcs by Gamma Globulin

Caleulated
Controf
pneum&mcl (n gamma J)'l"m“ of gamma globulin
injected globulin) 1/:0 1/40 1/80
1 60 60 80 60
10 10 0 <0 10
100 ¢ [ a 0
1000 L] o o o

—_— R

¢ Per cent sunvavors 10 days postinfection
Reprinted with permission from Holper ct al
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TABLE V
The Eflicacy of the Rustocetias in the Treatment of lafected Vice
Ristocetin A Ristocetin B
Survivors Su(x;vl;mn -
10 days 104days

Total afterinfecuon  Totat aftes wafection

dose dose
Organism mg /hg No % mg /kg No %
Str_pyogenes 087 0/20 ] 038 6/20 30
€203 1000 to 10 000 17 4/20 20 096 10710 100
LDw 29 16/20 80 12 18720 90

35 18720 20 19 16/19
58 20/20 100 23 20/20 100
Staph  aurens 29 3/20 15 18 5120 5
Smuth 100 to 1000 58 9/20 45 38 12720 60
LD us 13/20 65 77 L0720 e
D preumomae 29 3/10 30 19 12/20 60
ATCC 6301 1000 to 58 /20 20 38 17/19 89
10000 LDw 11s 17720 85 77 20/20 100
230 9/10 20

Reprinted with permussion from Grundy et al '*

3 fivefold mcrease m tor m 10 p This entaled a
change wn the threshold concentratron from § 5 g /mt to a final concentra
tion of 75 pg /ml Simular studies reveated an 1100 fold mcrease in resistance
to novobioein 1n five steps and a 1000 fold increase m resistance to oleando
mycin m three steps
In Vo Studies Grundy et al'® found that nistocetin was active in mouse
protection tests Mice were infected intrapentoneally with either Streptococcus
pyogenes Staph aureus or D preumoniae and then were given three equal
doses of one three and six hours later The resuls
of their mvestigations using punfied nstocetins A and B separately revealed
that nistocetin B 1s about three times as effectnve as nstocetin A m vivo The
data from their expetiments are presented n table V' Therr prehmmary studies
m mouse tnt 1 d d that has Ittle or no therapeutic
effect mn this disease
After a report that human gamma globuhn enhances the activity of chloram
phenicol,8 Holper et al’d studied the effect of gamma globulin on the activity
of n 1 mouse nf P vy studies useg

gamma globuln alone indicated that 1t had app ly equal protectine
actuvity 1 P al and staphyl I In contrast gamma
1 nfc at any of

globultn had no effect on p
Pheumocqcct of gamma globulin dosage studied These results are summartzed

i table VI
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doses of 100 mg /hg while doses of 2 5 to 50 mg /Kg were generally well
tolerated by dogs Single oral doses of 300 mg /kg produced no effects
cats or dogs

Chromic toxicity studzes 1n rabbts revealed that dosages up to 200 mg /hg
admimstered intravenously every day for two to four weeks produced no tox
1ty No ammal showed disturbances in vesttbular function Sumilar studies
m dogs given up to 100 mg /Kg for tho to mine weeks revealed no adverse
effects Rabbuts tolerated 1 mg /hg nally The njec
tion of ristocetin was regularly attended by shght to moderate reaction at the
injection site least with a 2 per cent and greatest with a 5 per cent sofution
Intravenous admimstration of 5 to 50 mg /hg to anesthetized dogs had no
consistent effect on blood pressure respiration or ntestinal motdity

Hwang et al'® also studied the distnbution and excretion of nstocetm m
ammals Single doses of 10 mg /kg ad d to dogs ere
followed within the first hour by blood levels of 25 to 60 g /ml Levels gxadu
ally fell over the next eight hours to 2 5 to 50 pg /ml

Despite the fact that nistocetin dialyzes poorly through cellophane mem
branes 1t diffuses rapidly into the lymph and equilibrium takes place mn 15
to 30 minutes  Almost no antibiotic activity 1s found n the bile cerebrospnal
flud aqueous humor or saliva of the dog when the level i the blood 1s
between 5 and 10 pg /ml

After a single 10 mg /Kg dose of nstocetn the recovery rate from the
unne amounted to approximately 30 per cent during the first four hours 45
per cent after eight hours and about 80 per cent 1 24 hours The renal clear
ance rate of nistocetin A 1 dogs was abou! 65 per cent of the glomerular filtra
tion rate as d by of

Ristocetin adminstered orally to dogs m a 5 per cent solution (100 200
and 300 mg /Kg ) was recovered 1 the urine to the extent of 0 1 to 0 6 per
cent 1n five hours and 0 3 to 1 per cent 1n 24 hours Rats grven nstocetin orally
at dosage levels of 1 2 and 4 Gm /Kg have unnary excretions of 04 per

cent of the 1 Gm /hg dose and about 1 per cent of the 2 and 4 Gm /hg dose
1n 24 hours

Hwang et al'* concluded that nistocetin 15 relatnvely low m toxicity when
admimstered by a vanety of routes and is relatively nert from a pharmaco
dynamic ation d d blood
levels When admuntstered orally mstocetin 15 very poody absorbed The
major route of for 15 through
the \adney

Human Studies In early studies Romansky et al?8 found that the intramus
cular admimstration of nistocetm 1n doses of 200 to 500 mg was quite pamnful

and that blood lesels attamned by this route of adminustration were generally
less than § ug /ml
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TABLE vl
Gamma Globulin plus Rustocetin

Per cent sunavors after 10 days

Rustocettn Ristocetn plus
mg (kg Ristocetin only gamma globuhin
Treaimens of Mice Infected wuth Streptococes® by Ristocetn plus Gamma Globulin

165 70 95
11 45 70
0535 55 90
0275 Q 35
01375 Q 10

Gamma globubn alone (05 ml of 1/20 dilutton) per cent survpvors 0

Treaiment of Mice Infected wuh Staphylococest by Ristocenn plus Gamma Glabulin
22 9 100

0
70 80
30 67
0275 20 n
01375 ki a7

Gamma globulin alone (03 m! of 1/40 dilution) per cent surynots 20

Treatment of Mice Infected wish Pneumococey by Ristocetin plus Gamma Globudin
22 7 &0

11 1€ a5
Q55 3 30
0275 [ 30

01375 a 10
Gamma globulin alone {05 ml of 1/20 diluuon) per cent survnors O

* 10 LDu of Str pyogenes
1 10% LD, Staph aureus
1 10° LDy I} pnewmomae
Reprinted with perousston from Halper ot at 14

p recal nfi whea bined with the Ithough it ex
hibsted 0o effect when used alone

PHARMACOLOGY

Ammal Experiments Acute toxicity studies by Hwang et al®¢ revealed that
the LD ¢ for mice and rats gnen nstocetin mitravenously vaned from 780
o 1820 mg /Kg depending on the rapidity of mjection (95 per cent confi
dence Iumits) Mice tok d I Gm /Kg sub Iy and 55 to 126
Gm /hg orally without difficulty Occasional ammals given massive wtrave
nous doses at or close to the LD, fevel (by slow mjection method) showed
shight dilation of the renal tubules and round cell snfiltration 1 the renal
porenchyma This renal effect was apparently absent at lower dosages The
acute effects after fethal doses were coma and respiratory {mlure, occursing
a few munuics fo a few hours later Rabbuts tolerated repeated intravenous
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doses of 100 mg /hg while doses of 2 5 to S0 mg /hg were generally well
tolerated by dogs Single oral doses of 300 mg /Kg produced no effects m
cats or dogs

Chronic toxicity studies in rabbts revealed that dosages up to 200 mg /Kg
admunustered 1ntravenously every day for two to four weeks produced no tox
ity No ammal showed disturbances m vestibular function Similar studies
1n dogs given up to 100 mg /hg for two to mne weeks revealed no adverse
effects Rabbits d 1 mg /Kg nally The lar mjec
tion of mstocetin was regularly attended by slight to moderate reaction at the
mjection site least with a 2 per cent and greatest with a 5 per cent solution
Intravenous admumstration of 5 to 50 mg /Kg to anesthetized dogs had no
consistent effect on blood pressure respiration or mtestinal motility

Hwang et al!'® also studied the distmbution and excretion of nistocetin m
ammals Smgle doses of 10 mg /kg d to dogs were
followed wathin the first hour by blood levels of 25 to 60 pg /ml Levels gradu
ally fell over the next eight hours to 2 5 to 5 0 xg /ml

Despite the fact that nistocetin dialyzes poorly through cellophane mem
branes 1t diffuses rapidly mto the lymph and equilibrium takes place m 15
to 30 minutes Almost no antibiotic activity 1s found m the bile cerebrospnal
flud agueous humor or saliva of the dog when the level i the blood 1s
between 5 and 10 pg /ml

After a single 10 mg /Kg dose of mstocetin the recovery rate from the
unne amounted to approximately 30 per cent during the first four hours 45
per cent after eight hours and about 80 per cent 1n 24 hours The renal clear
ance rate of nstocetin A 1n dogs was about 65 per cent of the glomerular filtra
tion rate as d by clearance of

Rustocetin adminstered orally to dogs m a 3 per cent solution (100 200
and 300 mg /Kg ) was recovered in the urme to the extent of 0 1 to 0 6 per
cent1n five hours and 0 3 to 1 per cent 1n 24 hours Rats given nistocetin orally
at dosage levels of 1 2 and 4 Gm /hg have unmary excretions of 0 4 per
cent of the 1 Gm /hg. dose and about 1 per cent of the 2 and 4 Gm /Kg dose
1 24 hours

Hwang et al'® concluded that nstocetin 15 relatively low m toxicity when
admimstered by a vanety of routes and 1s relatively mert from a pharmaco
dynamic standpomt Intravenous ad: l blood
levels When admumstered orally mstocetin 1s very poorly absorbed The
ma)or route of for 1s through
the hidney

Human Sudtes In early studies Romansky et al*® found that the intramus
cular admimstration of nstocetin 1n doses of 200 to 500 mg was quite painful

and that blood levels attained by this route of admimstration were generally
less than 5 ug /ml
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In 2 more recent study by Dres et al » mstocetin was admuustered mira
musculasly to 8 cluldren up to 15 years of age i 2 dosage of 25 mg /hg body
weight Fine mg of cortisone was added to each dose Serum concentrations
of 53 t0 212 ug /ml were recorded at two hours and remaimed as hugh as
26t 100 xg/mi even after 12 hours Spinal flurd content 1n these pattents
was less than 0 7 ug ymi There were no side reactions even though 2 patients
were treated for 10 and 11 days respectnely with njections every six to
eight hours Careful observation wiil be required 1n the reg d ad
of this amount of steroid to children

The wiras enous Toute 1s the method carrently favored for the admumstration
of nstocetin The dose to be given may be dissolved 1 approximately 100 m}
of 5 per cent glucose solution or hypotone or normal saline The antbrotic
solution 15 mjected over a 5 to 30 minute penod

After the m of 1 Gm ously r Ievels 1 the
serum at one to two hours will range between S and 40 pg /ml depending on
the speed of admmustration When the dose 1s increased to 2 Gm , blood levels
at one to two hours may be as high as 80 xg/mt The concentration fails
gradually to levels between 10 and 20 g /ml at 12 hours and may be as
high as 5 ug /ml even after 24 hours ¢

The blood levels obtated in cumulative studies & with vanous dosage sched
ules are shown mn table VI It should be borne m mind that at the tme of
thus study nistocetin was admanstered i a lasger volume of solution and over
a longer period of time than 1s now recommended

Dries and co workers® also studied the intravenous admimstsation of ns
tocetn n chiidren Two hours after a dose of 12 5 mg /hg vas admumstered
rapidly serum levels vaned from 13 to 106 pg,ml Thereafter the level
dechned gradually to 07 xg/ml or less at 12 hours After the intravenous
admmstration of 25 mg /hg the content of the serum after one hour was
212 pg,mt thercafter gradually decreasing so that 12 hours later the jevels
ranged between 0 7 and 10 6 pg /ml

Rustocetin diffuses freely mto pleural and ascttic flusds levels at two to four
hours approximate those i the blood when 1 t0 2 Gm 15 admumstesed rapdly
mtravenously © As noted in table VIII pleural fuid concentrations three of
four hours after a 500 mg dose approximate those in the blood

Studtes of spmal Ruid levels revealed concentrations of less than 0625
ug /ml 8 three hours after 2 1 Gm dose despite concentrations 1 the blood
determned simultaneously that ranged between S and 20 pg/mt A 2 Gm
dose admimstered to 6 patients resulted in serum Jevels between 20 and 80
ag /mi at two houss but the spinal fluid level sn 4 of these patients was only

5 pg /m! Another pauent had 2 spmal find level of 0625 pg /ml at 2 tme
when the concentration i the serum was 80 g /mt
Ranner’? has demonstrated that the passage of nistocetin across the blood
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TABLE VIII
Rustocehn Serum Ci after Ci A
Hours after No of
atleast Serum level blood
Dosage 4 doses #g /ml samples
250 mg every 6 br 4 5 1
250mg every 4hr 4 5 1
500mg every 8 hr é §-20 i
8 25 1
4 4 1
§ 6hr 1
00 mg. every ! o H
4 5-°0 2
5 25 H
6 20 5
8 125 1
(plenral fliud at 3 and 4 hr )10 #g /ml)

(spwnal fluid at 3 br_no level
8

1000 12hr 1
00mg every 12 5-25 2
i 140 H
1000 m, 8hr 8
s oy i g P i
1000 mg eve 4
8 overy 5 20 1
6 20 1
3 10-20 2
10 10 1
bran barner may be enh: d n Spinal flurd of

032 pg/ml were attaned at serum concentrations ranging from 0 64 to
1024 g /ml duning treatment of a patient with staphylococcal brain abscess
and meningitis During treatment of a patient of our own with staphylococeal
brawn abscess and memngis with mstocetn spmal fluid levels of 125 to
25 pg /ml were recorded at serum concentrations of 40 to 80 ug /ml 7
Further studies are needed to ascertam whether diffusion occurs across the
Pplacenta and nto bile milk or semmal fliid Excretion studtes reveal that
45 to 50 per cent of a 1 to 2 Gm dose 15 recoverable 1 the urine 1 24
hours ¢
Oral nstocetin 1n dosages of 2 to 4 Gm does not reduce the total bacterial
count i the stools but does reduce the number of enterococct and staphylo
cocer No inhibitory effect on yeast or yeastlike orgamsms has been observed &
Cohn and Longacre* adnumstered 200 mg of nistocenn together with 500
mg of neomycin every hour for four hours then every six hours for a total of
72 hours mn studies of P bowel Marked of
treplococer  staphylococer and coliform orgamsms occurred Yeasts were
unaffected by thus therapy Symilar results were obtaned by Shudlovsky and
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Ppgot # who gave 4 Gm each of nstocetin and neomyem dauly m divided
doses

We have found that soluttons 1 mg/mt of t
are well tolerated by the tracheobronchual tree when used for nebulizaton
therapy for as long as two weeks

DOSAGE AND RQUTES OF ADMINISTRATION

Rustecetn 15 commercally avastable as a stenle lyophnlized powder 1 viak
contammng a mixture of 1 A and B rep 500 mg of mistocetin
A activity The dosage of nistocetin 1s 25 to 50 mg /Kg /day depending on the
type of miecting microorgamsm and the sevenity of the disease

For mtravenous admnistration 2 05 to 10 per cent solution should be
prepared using about 100 ml of 5 per cent glucose or normal or hypetonic
salme This amount 1s gnen over a pertod of 5 to 30 munutes and may b
wyected dirgctly 1nto a vewn or mio the tubing of an mtravenous wfusion used
for fiuid therapy Solutions should be prepared so that the maximum concen
tration of antibiotic does not exceed 25 mg /ml

Generally 05 to 10 Gm s admumstered at 12 hour mtervals i adults
This represents approximately 25 mg /Kg /day In more severe mfecuons
particularly those caused by the Staphy }
tis and deep seated lesions 1 or more Gm every eight hours may be required
When renal function 1s compromised the dosage should be reduced to avoid
excessive accumulation of the antibiotic m the bedy For pedatric patients the
dosage and schedules are the same as for adults 25 to 50O mg /Kg /day

Rustocetint has been used for preoperatne bowel preparation by Cohn and
Yongacre * who used 2 combmation of 200 mg ristocetin and 500 mg neo~
mycint every hour for four hours then every six hours for a total of 72 hours
Shudlovsky and Prigot™® achieved the same results by admumsterng t Gm of
each antbiotic every six hours for 24 hours

Nebulization therapy with nstocetin appears 10 be of benefit in staphylo
coccal lung abscess We employ a solution contamng § mg /mit

SIDE EFFECTS

The analysis of side effects 1s based on data from pubbshed seposts 3 8
LR 320 %30 ¥ 30 of 139 patients who were treated with nstocetin
Side effects were noted in 29 or 208 per cent Hematological side effecty
were encoume:cd m 18 or 129 per cent Varying degrees of leskopema

boeytopema and phidia occurred exther alone or i
combmaucn Other side effects that were obsered mcluded phicbitis in 8
mstances fever 1 8 maculopapular eruption in 4 and gastromtestinal

sympioms m 2
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Table IX summarizes the hematological changes that were descbed It 15
of mnterest that 13 of the 18 patients with hematological side effects received
a maximum daily dosage of 3 Gm or more at one tme or another dunng
therapy suggesting that the moidence of these side effects may be refated to
tugh daily dosage levels Although lugh duly dosage Jevels may be associated
with side effects i individual cases 27 other patients 1 this senes of 139 who
also were given 3 Gm or more per day had no side effects Hematological
effects were infrequent at dosage levels lower than 3 Gm /day occurnng 1n
only 4 wstances They also occurred 1n a patient with severe urema recesy
mg less than 3 Gm /day There 1s some difficulty 1o assessing the hematolog
cal effects of nistocetin 1n some pattents since the nature of associated ilinesses
could also affect the blood picture The series reported by Gangarosa et al ®
for imstance included 2 patieats with severe uremia a patient with pre-existing
bone marrow aplasia and a patient with acute dissepninated lupus erythema
tosus who ) ly recewved chi h 1 and eryth

The results of bone marrow exammation were reported 1 5 cases and were
essentially normal 1n all but 1 patient 1n whom cosipophilia was noted This
suggests that mstocetn exerts 1ts effect on the curculating blood elements
rather than on the bone marrow

It 1s desirable that b ] leukocyte diff 1 and plate
let counts be done on alternate days m adults receiviog more than 2 Gm /day
or children receiving more than 25 mg /hg /day At lower dosages twice
weekly d are probably ad In the presence of azotemia
more frequent blood counts are indicated 1f the blood urea nitrogen nses
dunng therapy the dosage of nstocetin should be reduced

Phlebius oceurred 11 8 wnstances In our expenence this side effect 1s e
Iated to the admunstration of large volumes of antibiotic solution and extended
penods of infusion Ad; as ded will this side
effect,

The exact cause of fever and rash noted in 8 and 4 instances respectively
18 not clear A causal relationship between nstocetin and fever was not clear
1n several of the cases *2 1n other patients several antibiotics were admustered
sunultaneously 1t 13 evident from evaluation of thus senes that the status of
renal function 1s important for when 1t is impawred concentrations 1a the blood
tend to mse It would also appear that i mdwvidual cases the occurrence of
hematological side effects 15 probably related to high antibiouc concentrations
mn the blood Since relatvely crude prepatatons were used in the early chimcal
studies impunties may be a factor i the occurrence of these side effects None

of the deaths 1n thus senes appear to be directly attnbutable to nstocetn All
the side effects were found to be reversible by enther reducing the dosage or
stopping therapy
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TABLE IX

Ristocetin—132 Reported Cases Hematological Chanpes

Age
¥ Sex Diagnosis Hematology
42 M Subacute batteria) end Leukop
{enterocoscal)y
27 F  Subacute bactenal end Leud
(enterococcal)
1“4 M Cervical abscess Leuk bl
67 Sepsis { 1y Leuhop hil
3 F  Subacute bacterial end Leul h
{staphylococcal)
21 F  Subacute bacterial end kop b
{staphylococeal) plaseler depression
21 M Pacumontz (staphylococcal) Plateles depression
2% M Poeumona (staphylocaceal) Platelet depression
43 M Subacute bastenal endocarditis  Thrombocylopenia
{enteracoceal)
36 M Renal msufficiency (uremnma) Thrombocy topena  Jeukopenia
sepsis {staphylococealy
26 M P hypoplast S platelet dep
bone matrow  pneumanta
{staphylococcal)
50 M Renal insuffictency (uremia) Thrombocy topera
sepsts {staphylococeal)
38 ¥ Lupus erythematosus sepats Anemua (due to drug?y
9 weeks M Penorbital cellubis Neutropessa
35 F  Bronchopasumon Thrombocytopenia
40 ¥ Lobar pacumomna Thrombocylopenia
13 M  Bronc Leul
26 M Subscute bacteral endocarditis  Leulapena

(staphylacoceal)

Al side effccts revernible on seduction or wathdrawal of drug.
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TABLE IX
18 Cases Relation to Maximum Daily Dosage

Maximum
Total Duration of
daily dosage dose treatment

Gm mg /Kg Gm days Reference
30 50 70 2% 927
25 40 25 9 927
25 ? 30 15 22
40 ? 44 12 22
45 ? 44 13 34
40 About 70 4 17 34
30 414 @0 19 30
30 a4 33 15 30
45 s 235 8 9
30 40 15 7 ]
10 35 a2 14 9
225 Eld 8 7 9
30 40 12 4
90 2250 57 n 9
0150 30 175 5 9
15 ? 75 H 2

15 7 45 3 2
30 ? 50 9-7 2
35 4 30 1 33
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TABLE X
Ristocetin—Results of Therapy it Staphylococeal Infections
Other
out
Mumber Cured Improved Faled come® Reference

Pocumona, fung abscess 40 30 2 2 § 37923037
Skin and soft tissuss 13 13 3 372132
Osteomyelitis arthnitis 11 3 8 3213032
Esndocarditis 7 s 2 525273334
Sepiicemna 8 3 2 2 H 918213
Meningitis bram abscess 2 2 717
Visceral 2 1 1 732
Total w5 © & 7

* Died of unrelated causes or before therapy could be evaluated

THERAPY OF STAPHYLOCOCCAL INFECTIONS

£

In additon to s efficacy m p i and 1
nstocetin has made possible the short term therapy of enterococcal endo-
carditis 7

One hundsed and thurty mine cases of nistocetin treated snfections have been
collected from the lterature 3579 31718 1 5 7 % 328 Ephty nne
of these were found to have a clearly established staphylococeal euology 3 * *
93718 1 % 20 323 The number and distubution of cases along with
the author s evaliation of the data are summanzed m table X

Pulmonary Infecnions® 7 ® 3 32 Whyle staphylococcal pulmonary infections
may occur as prunary processes they are more often scea as complmauons
of sep or as sup n such cond as mfl 1 of bacterial
pneumoma Thcy may also cmergc m the course of antibiotie therapy for other

y if therapy 15 p

Fony of the staphylococeal miectmns rccord:d w the bterature myolved
the tungs or pleural space (table X) Al but a few pauents were seriously alt
as the following case report indicates Morcover all but 7 had previously
recerved other antibiotics without apparent effect Ristocetin was considered
to bave a curatne effect 10 30 or 75 per cent 2 were smproved Anubiotic
therapy faried 10 2 and 6 died of unrelated causes or before therapy could be
evaluated The noture of these staphylococeal mfections 1s such that one would
generally expect 3 respanse by Iysis rather than by cnisss ‘The 7 patients treated

with mstocetn alone had a ymformly good that
3¢ effegiive 43 8 primary agent in the lhcrapy of staphylococeal pulmonary
mfections Pauem 25 of St her et al*® d ates an ple of the
type of p Yy for which was given
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A 29 year old civihan technician was the only survivor of the accidental explosion
of several Nike” musules He suffered 40 per cent second and thurd degree burns and
after six days of treatment was transferred to this hospital Fever of 104 to 105F did
not rermt with pentcillin streptomycin and chloramphenicol On the fourth hospital day
a roentgenogram revealed bilateral pneumomitis On the seventh hospital day operative
débridement was carned out. The neat day javndice was present temperature was 106 F
and sputum culture revealed coagulase positive hemolytic Staph aurers Ristocetin 19 4
mg fhg /day was started ly and other were
Temperature fell by lyas and jaundice subsided The patient had an uneventful recovery
Roentgenographic examination of the chest on the twenty second hospital day was
negative

The dosage m this patient averaged 1 5 Gm /day while the over all range
of dosage was 1 to 3 Gm /day m this senies * Terry and Bradley? generally
cmployed 3 tod Gm /day mma!}y with subsequent decrease m dosage wiule
d 2 to 3 Gm /day Gangarosa et al® used
3 Gm /day m therr 3 patients with subsequent reduction m 1 case to 2
Gm /day

From evaluating the dosage schedules 1n these cases it appears that an
mtial dosage of 25 to 50 mg /Kg /day (generally 3 Gm /day m adults) fol
lowed by a reduction to 20 to 25 mg /hg /day (approximately 2 Gm /day)
15 to be recommended It 1s also cbvious that adjunctive measures such as

or drainage of empy are as tmportant as antibiotic therapy

Judging from the expenence summanzed m table X nstocetin can be used
effectively as the sole agent in the therapy of staphylococcal pulmonary nfec
tions

Skin and Soft Tissue Inlet:mm.vs 721 2 The 19 patients (table X) com
pusing this group had widi 1l multiple ab: or mvolve
ment of deeper structures such as bursae Rustocetin was credited with cure
m 13 cases and definite improvement occurred 1n the rematnder Ten of the
patients were treated with nstocetin alone while the remander responded to
nstocetin after other antibiotics had failed to eradicate the infection

The majonty of these patients were given 2 Gm /day with an occasional
patient bemg given 3 or more Gm mtally Case 9 of Bush? illustrates the
rapid response obtained 1n treating this type of infection

A 51 year old man developed an extensne celfuliuis 1n 24 hours from a small piple
on hus left cheel His temperature rose to 103 F The causative organism proved to be
coagulase positive hemolytic Staphylococcus The blood culture was positive A diffuse
glandular enlargement appeared over the entue left nech He receved 15 Gm of
nistocetin twice daily for a total of 16 5 Gm His temperature rose to a hetght of 104 F
but on the fifth day retured to normal

The good result obtained 1n this patient with cellulitis 1s IMPIESSIVE 1N VIEW
of the concomutant bacteremia Other cases reviewed included abscesses 1n
these the improvement was definte though not so dramatic The effect of



158 ANTIBIOTICS MONOGRAPHS | 12

adjunctive measures such as hot soaks shaving hairy areas, surgical dramage,
and the use of soaps contaimng antibactenal agents such as hexachlorophege
cannot be evaluated from the cases descobed but the effect of nstoceun
seems clear This ss not to discount these other measures, for pus will probably
always be an mndication for surgical intenention

For skin and soft tissue mfechions dosage schedules of 20 to 25 mg /hg/
day or about 2 Gm /day for an adult are adequate

Osteonyelitts and Septic Arthriis3 2 ° 3 Osteomyehitss s a feared com
plication of trauma and sepsis Very often the infection has advanced to the
stage of an mdolent, walled off focus surrounded by avascular tsssue before it
15 discovered

Rustoceun has <hown promise as a pnmary agent m the treatment of

phyl I ost it pectally when antb therapy 1s bined
with appropnate surgical procedures The results of therapy mn the 11 cases
summanzed 1n table X are encouraging for in 1 patient cnitically iff with septic
arthutis reported by Terry and Bradley? and 2 with osteomy elitts deseribed by
Mufler et al ! and Sch her et al ¥ respectively the was cleared
In the remaming 8 of which one was a case of septic arthnitis and the remain
der of osteomyehitis ® * 3 nstocetin exerted a favorable effect ;n comunction
wath surgery Ning of the 11 patients had been tretted wuth antibwotics prior
to msutution of nstocetin therapy

The followimg 1s the case of chrome osteomyehns reported by Muller et al !
i which nistocetin affected a cure

A 24 year ofd Negro man was admitted with osteomyelitis of the tight thia Two
years previously he had suffered a compound comminuted fracture of the right tibia and
fibula This had been freated by closed seduction and immobilization with a plaster cast
and had been followed by open reduchon with fixation with an imtramedullary nail and
a borne graft Afier removal of the nail another cast had been apphed

At the present admission a purulent sinus existed at the side of fracture from which
Staph aureus and 3 Pseudomonas spectes were wolated Streptokinase 20000 unuts was
given buccally every 12 hours far four days Then erythromyain 250 mg was gnen
by mouth every six hours for 18 days Duriag this ime a cureltage of the sight tba
was done Trypsin 5 mg was admumstered buccally every 12 hours for four days
Provided with a molded cuff brace the patient was discharged after a total stay of eight
weeks

One month later the patient rewyured Tus jep, recewed imha) treatment elsewhere
and was readmutted with puralent dratnage ac the origmal site Pemiciilin 300 000 aeats
and streptomycin 05 Gm were gven wntramuscularly taece dasly for 17 dags A small
absgess at the site of fractare was mncised and drawoed and a Staph anreus was dentificd
Chloramphenicol 250 mg  was gtven by mouth every four houss for 25 days and this
was followed by erythromyeun, 250 mg by mouth every four hours for 23 days A

was then d and was followed by concurrent therapy walh

ch‘l‘aramph:mcnl 250 mg. by mouth every four hours for one month and erythromycm
250 myg. by mouth every four bours for six weeks.

Despite this treatment drapage persisted Ristosehin was given at 3 rate of 10 Gm
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imiravenously every 12 hours for seven days Dramage stopped the wound healed and
a walking type plaster cast was applied The patient was discharged 10 days after
nstocetin therapy ended The cast was removed one month after his release from the
hospital Five months Jater the wound was stil] healed and roentgenographic evidence
of osteomyelitis was not present

This patient had evident chronic osteomyeliis nmnterruptedly for about two and one
half years Duning this period he recetved excellent treatment along with the adminustra
tion of antibactersal drugs Healing however was achieved only after treatment wath
nstocetin This wound had remained healed for five months and the result to date can
be considered excellent

Most of the patients with this type of infection were given about 2 Gm of
nstocetin per day and 1n some cases the drug was continued for several weehs
wathout side effects All authors found that the best results were attamned when
appropriate surgical procedures were combined with nstocetin therapy

In the hght of the over all expenence wuh nstocetin  the recommended
dosage schedule of for h and arthritis
adults 15 3 Gm /day mitwlly then 2 Gm /day for as long as 1s necessary
From the expenence of Terry and Bradley®? and m view of the gravity of these
mnfections m childhood the mitial dosage may be 1n the range of 50 to 75
mg /Kg /day followed by a dosage of 25 to 50 mg /hg /day

Staphylococcal Endocardutts 27 83 34 Staphylococer are responsible for
approximately 10 to 16 per cent of all cases of endocarditis 1 1¢ This problem
15 mn because of the antib resistant strams of staphy
lococcs that are frequently encountered Therapy has compmsed vanous

of often nct massive dcsages of pemcilhn as
lugh as 30 to 160 million umts (18 to 96 Gm )/day °©

Frie of the 7 patients with staphylococcal endocarditis histed mn table X
were cured with nstocetin therapy while 2 were considered failures All of
the patients had been treated with one or several antibiotics before nistocetin
was tried and had positive blood cultures when nistocetin was begun Dosage
schedules used n the successful cases were as follows Romansky and
Holmes* used 2 Gm every eight hours Weber® administered 1 5 Gm every
eight hours and 2 Gm every twelve hours 1 hus 2 cases while Van Rooyen
et al** used 15 Gm every eight hours Dries et al® successfully treated an
11 year old girl with 75 mg /Kg /day for 35 days after 25 mg /Kg /day had
fatled to produce the desired results Each dose of nistocetin was admimistered
i two hours or less The duration of therapy in the 4 adults ranged between

12 and 18 days
The efficacy of 151l by the foll g case report T

A 25 year old Negro man a herom addict was admutted fo our service with a history
of a 30 Ib weight loss shortness of breath fever weakness and fatigabilty The
Patient s past hustory revealed no evidence of orgamc heart disease Physical examination
tovealed an emaciated chromcally 1l man m no acuie distress with a blood pressure of
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115 mm systolic and 60 mm diastolic temperature was 106 F  pulse 124 and regular
A harsh grade IIT systolic murmur was heard best along the left sternal border as
well as at the aortic area Hemoglobin was 105 Gm  hematocrit 32 volumes/100 m!
leukocytc count 12400/cu mm with 74 per cent polymorphonuclears 20 per ceat

tes 5 per cent 37 and 1 per cent basophils The urnalysis was not
remarkable Three blood cultures were positive for coagulase posiive hemolytic Staph
auress In witro sensitnaty les(s revealed that this organism was sensitive to pemcillin

er t 1 and b, Tt was senst
tive to 1 umit/ml nistocetin The intensive prenstocetin therapy included penscillin,
er and during a period of 67 days There was

no cltntcal improvement and blood cultures remained positne for coagulase posine
hemolytic Staph aureus Ristoceun was started on Nov 5 1956 at a dosage of 2 Gm
dissolved tn 500 m! 5 per cent glucose in water given over a 30 to 60 minute period every
eight hours NI blood cultures negatne after imuation of nstocets
therapy and the patients temperature returned to normal At this dosage level blood
concentrations of ristocetim were about 160 units/m! A moderate phlebitss at the site of
entrance of the polyethylene tube appeared at the end of therapy and subsequeatly
cleared No other side effects were noted The patient had a good bacteriological and
chinical response with a 28 month follow up at the time of thts report (February 1959)

The 2 cases of Rantz and Jawetz were classified as treatment falures
These patients received 1 5 and 2 0 Gm /day respectively by constant intra
venious dnp Not only were these daly dosages lower than those given m the
successful cases but the method of giving the drug by constant intravenous
dnp luded the of peak Dunng therapy mlh
nistocetn, the serum from their first patient inhibated the
at a dilugon of 1 8 while undiluted serum from patient 2 failed to mhibit
growth The failure i these cases may very well be related to a lack of peak
concentrations at any time that were sufficient to produce a maximum bac
tenscidal effect

Staphylococeal endocarditis may require mitial dosages of nstoccun on lhe
order of 50 to 75 mg /Kg /day with
25 to 50 mg /Kg /day It 1s particularly 1mponam that the mfusmns be given
rapidly

I;n the successful cases the duration of therapy was 12 to 18 days n 4 cases
In the fifth case therapy was continued for 35 days Further clinical expen
ence 1s necessary to define the optimal dosage and duration of therapy

Septicenua® ' 3% The potentially hugh mortality rate of overwhelnung
staphylococcal imfection of the blood stream demands that therapy be wmstt
tuted promptly

As shown in table A staphylococcal septicemia was the major indication for
sistocetin therapy 1n 8 cases m this serics Three patients were cured 2 were
improved therapy failed 1n 2 and 1 patient was successfully treated for two
epsodes of septicemta onc month apart but died of unrelated causes during
the second All patients had been treated with other anubiotics prior to ns
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tocetin therapy The dosages used were vanable Van Rooyen et al®® had
excellent results 1 2 cases with 1 to 2 Gm /day while Gangarosa et al® used
9 Gm /day m curing the septicernia 1 their patient with Iupus erythematosus
The 2 patients showing improvement received 1 to 4 and 3 to 4 Gm /day
respectively

Naturally seehing out and eradicating the focus of infectton 1s as important
as antibiottc therapy One of the cases reported by Van Rooyen et al*® 1s an
example of how chemotherapy and surgery can be effectively combined

The patient who was 38 years old and weighed 130 Ib  was transferred fo Camp Hull
Hospital on Dec 20 1957 from another insttution Here he had been under treatment
for diabetes by with multple staphyl 1
abscesses and arthnitis of the night shoulder The patient had a severe bntte diabetes
the control of which with supenmposed infection presented a difficult combination to
manage The accompanysng letter from the teferring physician stated that, “Every aot
biotic possible was used without bringing the temperature to normal™ At thus stage
Taboratory 1nvestigations revealed the following The hemoglobin level which was mai
tained by repeated blood transfusions varsed between 116 and 127 Gm /100 m! White
cell counts ranged from 9800 to 23 000 Sedimentation rate varied from 18 mm /hour
10 43 mm 1 one hour (Wintrobe and Landsberg method) Urmalysis showed a trace
of albumun and a small amount of sugar Bacteriological examimnation of aspirated pus
showed Profeus vulgans and Staph aureus as well as Pseudomonas aeruginosa and
streptococct

Roentgenographic exammation of hips knees femurs chest, cervical and dorsal
spiaes and shoulder jomts failed to reveal evidence of osseous disease

©On December 28 mnistocetin was and other were
during the next 20 days the patient recenved a total of 111 Gm of nstocetin Dosage was
caleutated on the basis of 25 mg/hg body weight. It was made up 1 500 ml of §
per cent dextrose solution and admumistered intravenously over a penod of 45 minutes as
recommended The daily dosage ranged from 4 to 1 Gm /day depending on the patient's
temperature and general physical condition

Incision and drainage were performed by J A Noble Chief of Surgery Camp Hill
Hospital on six occasions On December 27 the right shoulder abscess was opened and
4 ml of pus removed On December .9 an abscess n the left thigh was incised On
December 31 the abscess on the right shoulder region was re-explored and drammed and
on the same date an abscess was located 1n the left thigh and this was hikewise dramned
From both of these copious pus was hiberated On Feb 17 1958 the posteromedial
aspect of the nght thigh was dramed and S00 ml of foul smelling purulent matersal
was obtamed On March 11 1958 a fluctuant area 1n the might costovertebral angle
was located and 2200 m! of purulent thin yellow matenal was released Digital ex
ploration of the abscess cavity revealed a tract extendmg upward retropentoneally to
belund the lower nbs and thence downward behind the psoas muscles o the ihiac crest
and fossa

In summary it may be concluded that although several antibiotics other than nistocetin
vere used at different tumes for this man the turning point 1 hus allness occurred on
March 11 1958 after surgical dramage had been performed and 2 2 liters of pus were
evacuated from the psoas region It should be pointed out however that mstocetn was
the only antibiotic adminustered durng the critical phase of the illness when massive
accumulations of pus were present and septicemia was unmipent
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The patient of Knrght!® who did not respond received 6 Gm /day the case
was comphicated by the fact that the patent had been on sterosd therapy
Kmught felt that fadire of thus patient 1o respond to several agents effectne
@ viro may have been a measure of impawed host resistance to mfection

The patient reported by Rantz and Javetz  did not respond to 4 Gm /day

and ssbsequently died despite mtensive cb herapy with several anud
In thus surgreal of might have favorably altered
the course

The dosage schedules will vary with the seventy of the iliness but in gen
eral wmtial dosages in the range of 3 to 4 Gm /day (approximately 50
mg /Kg /day) followed by mamtenance dosages of 1 10 2 Gm /day (25 t0 50
mg /hg /day) will constitute adequate therapy

Menmgins and Brain Abscess™ 1 Although there have been only 2 re
ported cases of staphylococcal gitts treated with T 47 the excel
lent resolts obtaned 1 both are encouraging In both instances the patients
condition had detersorated hule he was recening other antibioties Kanner s
patent was gnen t Gm of nstocetin every six hours while the patent ¢
ported by Romansly? respoaded 10 2 Gm every cight howss The case
xeported by Kannex x5 of parucular snterest swce studies of the spinal Bud
showed that nstoceun does cross the blood bram barner

On Nov 16 1957 at Central Baphst Hospuital (Lexangton Ky )} a 32 year o}d white
woman was delivered under general anesthesia of a bealthy child by Jow forceps Thiee
days later she had a fever (106 F) headache nuchal npidity and reduced reflexes oo
the left stde with absent plantar reflex Spsnal flud was cloudy and wader shightly
creased pressure Analyus rescaled 711 cells/m! (106 polymorphonuclear leukocytes
and 605 fymphocyies) globulin 3 plus and protem 161 mg /100 mt Cuhwre of the
fiued produced hemolytic Staph ourews coapulase pestive as the causative organsme
By testing with ducs the organum was found to be seasitive to the usyal antibiolics
The tentatnve diognoss way septwemua with braun abscess accompamed by scoondary
mensapns

Treatment consisted of pemertim Hy and eryihy orally
and iy and ds orally and y However the patients condition
gradually and m Bl fine and sodwmm

sulfadiazne wese added to the regimen w foff dosage

On the seventh hospital day the patent appeated monbund The bemoglobin had
dropped to 82 Gm /100 m)  necessitanng transtusion of whele blood Cortisone was
mastaned sbave <00 mg deady O e spb dosnal day acksacen Hpe stantt
epilepicus developed 1equining. targe dosages of diphenylhydastoln sodum and pheno-
barbial sodiom Ssgas of right i developed wnd was Cheyoe
Stokes a wracheostomy way perfornted

On the tenth bospital day admuastration of nstoccua was miisted at a dosage of
16 G erery s hours by miravenous wfusion This was accompfmcd by 15 ml of
gamma globulin 3ot 1y Multple way n order 1o drmn
an accessible brmin abscess however the only findings were 2 thick {15 cm ) pachy

memglis and a wet brain
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On the cleventh hospital day there was marked wnprovement, which continued stead
aly except for clinscal, and evidence
of pulmonary emboksm on the twelfth day Mosmlal cystus developed on the twenty
first day but cleared after admumistration of nystatin orally and vaginally

©On the thisty second hospstal day all medication was withdrawn The pauents only
residua were a sitly affect and amaesia for the entre pregnancy Subsequently her per
sonality has returned to normal and parts of ber memory [03s are cleanng.

Rustocetn assays on the spinal flurd of thus patent revealed concentrations
of 032 sg/ml on two occasions when the serum concentration was 064
#8/ml On another occasson the spinal fuid concentration was 0 32 pg /ml
when the serum concentration was 10 24 4g /ml

Alerel of 125 pg /ml was attamned esght hours after 2 dose on 1wo occa
stons m the case of Romansky 7 Blood Jevels at the same time were 40 pp /mi
Thus suggests that winle nstocetin may not readdy cross uninflamed menmges
its duffuston 1s exhanced 18 memngitis

The dosage schedule i these poiiemis was 4 10 6 Gm /day There have not
been enough patients treated with nstocetin to evaluate dosage schedules The
seventy of thus wfection will probably require mnad dosages of 50 to 75
wg /Kg /day with subsequent reduction depending on the clinical course

Visceral Infections™ 33 This category meludes a case of staphylococcal
emtentis 10 an ifant reported by Terry and Bragley™ and a patiest with
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The patient of Kmght'® wha did not respond recened 6 Gm /day the case
was compheated by the focr that the patient had beea on steraid therapy
Kmght felt that fadure of this pmxem o respond 1o severat agents effectne

5

0 V10 may have been 2 patred host to
The patient reported by Rantz and Jav.etz dsd not respond to 4 Gm /day
and subsequently died despite herapy with several

In this mstance surgical evacuation of abscesses might have favorably altered
the covrse

The dosage schedules w:ll vary with the seventy of the iliness but n gen
eral amua) dosages m the range of 3 to 4 Gm /day (approximately 50
mg /Kg /day) followed by mamtenance dosages of 1 to 2 Gm /day (25 to 50
mg /Kg /day) will constitute pdequate therapy

Merngins and Brain Abscess ' ' Although there have been cnly 2 re
ported cases of staphylococceal treated with T 7 the excel
lent results obtamed in both are encouraging In both instances the patieats
condition ad detenorated while he was recerving other anfibiotics Kaaner 5%
patent was gven 1 Gm of nistocetin gvery ix hours while the pauent e
ported by Romansky” responded to 2 Gm every eight hours The case
reported by Kanner s of particular mterest since studies of the spmal fnd
showed that mstocetin dogs cross the blood bram barner

QOn Nov 16 1957 at Central Bapust Hospita) (Lexington Ky) a 32 year old white
woman was delisered under general anesthesia of a bealthy child by low forceps Three
days later she had a fever {306 F} headache nuchal npdity and reduced reflexes on
the feft side wath absent plansar reflex Spinal fnd was cloudy and #oder shehtly 15
creased pressure Amalysis renealed 711 cells/m! (106 polymorphonuciear Reukocyles
apd 605 lymphocytesy globulin 3 plus and protemn 161 mg /100 ml Cubwe of the
Bud produced hemalytc Staph gureus coagulase possise as the causative organism
By festing with disCs the orgamsm was found to be sessiive o the usual anpbioties
The tentatne diagnosis was sephicermsa with brain abseess accompasnsed by secondary

menngls

Trearmcm consisted of pemciilm 1y and b osally
1 oratly and p: i Howc\cr the pahems condstion
adua!ly aud 1w t and sodwim

sulfadiazsne were added 1o the regimen fuﬂ dasage
©On the seventh bospstal day the pauent sppeared mornbund The bemoglobw had
dropped 10 83 Gm /100 ml  necessitaing transfusson of whole bleod Costisone was
mantamed above 200 mg dudy On the crghth bospral day  jacksonsan type status
epepcus developed requinng large dosages af diphenylhydastom sodum and pheno-
Yarbital sodmm Signy of sight foped and was Chegne
Stokes a tracheostomy was performed
On the tenth bosprial day adminstration of nstocetn was mitisted at a dosage of
10 Gm every sis hours by sirgvenown miusion Ths was accumpanxed by 13 m! of
fy Muluple way d 1 order to dran
Bscess howeser the onfy findings were a thek (15 ca y pachy

gamma globuln
an accossibile brain 2
memgits and a et bzawn.
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bactertcidal 1n concentrations attamned by this technique Strams of staphylo
cocei resistant to nistocetin have not been reported

The hematological and other side effects such as phlebitis skin eruptions
and fever are nfrequent with the recommended dosage schedules and mode
of admimistration The dosage of mstocetn 1s reduced 1n renal msufficiency
since the antibiotic tends to accumulate

ACRNOWLEDGMENT

We gratefully acknowledge the aid of Mrs Atlene M Brown

BIBLIOGRAPHY

1 ArrEMow M L A review of 202 cases of bactenal endocarditis (1948-1952)
llmois M J 107 67 1955

2 Birow B W MarToRELLA F J Luema B anp PaLeY § S Chaical abserva
tions on mistocetin a preltmunary report on 1its efficacy and toxicity mn 20 unselected
severe respiratory mfections In_Antibiotics Annual 1958-1959 New York Medical
Enqclopeam Tnc 1959 pp 447-453

3 Use of ristocetin {Spontin) 1 staphyloceccal mfections In Amxbmucs
Annual 1958-1959 New York Medical Encyclopedia Inc 1959 pp 454-457

4 ConN I AnD LoNGacre A B Ristocetin and nistocetin neomycin for preoperative
preparation of xhe cuxon A M A Arch Surg 77 224 1958

5 D L D ano hocsH R Ristocetin serum levels 1n children in
Annbmucs Almual 15581955 New York Medreal Encyclopecha Ino 1939 PP

W anp Ki A_ T method for nistocetn personal
communication Antibiotic Division U S Food and Drug Admunistration
Romanswy M J  (panel discussion) The current status of erythromycin hanamy
@n_novobiocin oleandomyein nstocetin and vancomyen with partcular reference
to their use 1n staphylococeal disease In_Antibiotics Ancual 1958-1959 New Yorh,
Med:cal Encyclopedia Inc 1959 pp 1051-1072
Fr M W anp MaNNING M C  The specific antibody nature of the thera
peuhc action of gamma globulin 1n expenimental bacterial infections 1n mice In
Anu;:;gucs Annual 1957-1958 New York Medical Encyclopedia Inc 1958
pp 572-5
GanGarosa, E J LANDERMAN N § RoscH P J anp Hernbon E G Ir.
Hematologic complications ansing during mistocelin therapy relaion between dose
and toxicity N:W England J Med 259 156 195

ERACL ] The anubmuc therapy of bactersal endocardiis M Chn North
America p 1101 July 1958
Grunoy W E ALrorp E F Rozox E J anp Svivester 7 C Rust oc:nn lhe
development of resistance and bactencidal actity In Anubmucs Annya] 1
1957 New York Medical Encyclopedia Inc 1957 pp 693-6
Grunoy W E. Horper J C ALForp E.FRicauEr C J Vo.n-x C M amp
SYLvESTER J C  Rustocetin a mucrobiological companison of ristocetins A and B
in ‘Asrétl!l::sozucs Annual 1957-1958 New York, Medical Encyclopedia, Inc 1958
pp 158-|
Grunpy W E Smcum, AC THER[AULT R 1 GOLDSTEI’N A W RICKHER
CJ Wikrexn H B Ix Ouves Rustocetin mucro-
biologic properties ln Antiviotis Annual 1956—1957 New York Medical Encyclo
pedia’ Inc 1957 pp 687-692
X' C Rickier, C 1 Anp Swvester J C Ristocetin effect of gamma
elobulin on m vivo actmity In_Antibiotics Annual 1957-1958 New York, Medical
Encyclopedia Inc 1958 pp 577-580

~

o

=5

]

3

S
8
)
5
3



164 ANTIBIOTICS MONOGRAPHS | 12

puerperal end itis reported by R hy 7 Both patients were entically

il and had been treated with other antibiotics before nstocetin was started
The nfant recovered 1 three days when ghven 150 mg /day mizavenously

In the case reported by R ky fully cleared b

that had been refractory to other nmxbmucs but the patient semamed febnle

untd 4 necrotic uterug was removed

A 26 year ofd Negro woman was admitted to the hospital 1n labor and several hours
later the membranes ruptured {fig 1) Labor contnued for 2% days at whsch time a
stillborn fetus wis delivered The patent was gnen teltacycline prophyiactically duriog
labor but after delnvery she developed fever asd foul smelling Joclia was noted Os
the seventh hospital day thetapy was changed to penscitho and streptomycn 2od later
chloramphemcol was added Despute thus she contuued to hase a septic fever descloped
a moftled safiltrate an the nght Jung bast and propressimely deteriorated Cultures of
tlood and Jochsa abtamed duning combmed therapy 3selded an sbusdamt growth of
coagulase posttive hemolytic Staph aurens This organism was seastne 8 Wlfo 10
chlosamphemeal erythromydin nistocetin and novobiocin On the fourteenth hospual
day al} medicaton was stopped and ristocetin was begum at 2 dosage of 3 Gm every
eght hours After the second day of ristocetin therapy negative blood cultures were
obganed but the pauent continued to have a sephic fever and was very toxe Ristocean
was disconuntued after one weeh and chioramphbencol and eryihromyan were given
wlong w1t mitravenous bydrocortisont The sterord temporanly brought the temperature
down and d the general cond By the twenty-caghth hospial day the patieats

4 had again and pelvic was elected A
grossly necrotic uterus was found and removed After surgery ker temperature became
normal and convalescence was usesentful No side effects of nstocetin were noted

1t 15 evzdent that although nstocet therapy ehmimated the sepsis and con
tawed the mfecuon cure was attamed only when a necrotie foens the nterus
was In P the d fever was a reflection of ths
necroys Iocus and earlier surgesy rather than continued chemotherapy was
mdicated

In summary 89 cases reprosenting a vanety of staphyloceccal snfections
treated with nstocetin were found mn the lferature Ffty seven patients of
639 per cent were cured while an addittonal 19 or 21 3 per cent showed
improvement Theze were 6 faures {67 per cent) and 7 (78 per cont)
patients died of unrelated causes or before mstoceun could be evaluated
Dosage schedules varsed with the type and seventy of infection but generally
ranged between 25 and 50 mg /Kg /dsy Focal suppuration 1s charactersshe
of staphylococesl mfections and appropuate surgical measures should be
employed with chemotherapy

CONCLUSIONS

Tustocetin 18 an cffective prumary agent m stnphylacoccal infections as
4

well as n short term therapy of dits 1t s
sntravenously intermitent rapid infusion s recommended  Rsstoceun 1s
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Kanamycmn was 1solated from Streptomyces kanamycetus by Umezawa © 7
at the Japanese National Institute of Health and Tokyo Unnversity iz 1957
The ongmal materal contained two fractions A and B but the presently
manufactured antibrotic 1s almost pure hanamycin A The titial 1n vitro and
m vivo studies m Japan demonstrated that kanamyen was active agamst
many gram negatne pathogens agamst stramns of staphylococe: resistant to
other and against strep and 1somazid resistant strans of
M)L‘obacltrlum tuberrula.m Chnieal studies were carned ons mmtially on cases
of y but subsequent clintal reports showed the drug
10 be effective against mfections due to a wide range of microorganisms At a
recent conference on hanamycin held at the New York Academy of Sciences
m July 1958 the pharmacological studies and clumcal expeniences on the use
of the drug to date were presented !

CHEMISTRY

Cron and hus co workers? determmed the chemical composition of hanamy
€ and showed that hydrolysis will yield two amuno sugars linked glycosidi
cally to 2 dioxystreptamine The drug 15 water soluble and stable through a
PH range of from 2 to 11 under normal stenlizing conditions and at a boiling
temperature for 30 munutes at a pH of 6 to 8 The structural formula resem
bles that of neomycin m that there ts & common dioxystreptamune moiety but
the two antibiotics differ m the amino sugars (see fig 1)

167
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TABLE I
Sensibvity of Yanous Microorgamsms to Kanamycin In Vitro
Organisms usually Organisms occasionally Orgamsms usually

sensinve sensitive Tesistant
Staphylococer Protens Pneumococcus

I Pseudomonas Streptococcus
Aerobacter Rlebsiella
B anthraci ungs
Netsseria gonorrhoeae Apaerobic_miucroorganisms
Sa monel @ (anaerobic streptococe!
Shigella clostidia and bacterowdes)

Bruceila

produced by subacute or chromic admumstration of kanamycin was evident
on the bular and auditory of the lly treated amals
simlar to that produced by strep and dihyd ptomy [though
much farger dosages and longer peniods of admunistration were required to
produce similar effects 3 Dogs were given hanamycn mtramuscularly in
dosages as large as 100 mg /kg /day for mme months without evidence of
toxicity Cats recewving the same dosage and dogs receiving 200 mg /hg /day
developed vestibular disturbances n two to four weehs but not to the same
extent as ammals receving the same dosape of streptomycin sulfate When
dogs were given daily mtramuscular injections of 200 mg /hg of hanamycin
sulfate there was evidence of kidney damage as mamfested by albuminuna
h d lsulfonphthal d blood urea
titrogen and 1f continued sufficiently long anuna At dosages of 200 mg /Kg
twa to three weehs were required for defimte signs of damage but at dosages
0f380 mg /Kg these s1igns appeared rapidly Post martem examuation of the
dogs dying dunng these toxicological studies showed microscopic evidence of
cloudy swelling of the proximal tubule to acute necrosis of the proximal and
distal tubules mn the ammals showing anuna  Neomyan produced renal
toxicity 1n dogs 1 dosages as low as 24 mg /Kg /day intramusculartly after one
month of treatment and when the dosage was mcreased to 96 mg /hg /day
dogs died within one to three weeks '3 Studies of auditory toxicity 1n rats
suggest that kanamycin 15 ess toxic than dihydrostreptomycin *

ANTIBACTERIAL ACTIVITY IN VITRO

Micrabial

greal studies on L have revealed a wide spectrum of 1n
Witro actvity agawnst staphylococe: the Bacullus group Vibrio Salmonella
Shigella mycobactena and some strams of Proteus and Pseudomonas The
antibiotic 35 relatively mactive against most streptococes poeumococct and
most anaerobic organisms ' (See table I') The antibactenal action of kana
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ANIMAL TOXICITY

Toxicity studses on laboratory ammals have shown the acute foxicity to be

samewhat less than that of D the LD , of ptomycin m mice
beng 200 mg /hg by the m(mvcnous route and 900 mg /kg by the sub-
route as p with k: y sulfate with an ntravenous

LD , of 316 to 1648 mg /Kg when mjected subcutancously * The approx
mate LD.,q of neomycin by the subcutancous soute 1s 250 mg /Kg  which 1s
about one fifth the toxicity of the intravenously admuustercd drug *® Toxicity
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the type of media bemng used and to a lesser extent the duration of the mcu
bation Uthzing the tube didution technique as performed by Gourevitch
et al 19 4 which heart nfusion broth 1s used and the inoculum 1s a 1 10 000
dilution of an overmght broth culture all staphylococc are inhibited by
concentrattons of 625 pg /ml or less 1 % Sumilar results were obtamed by
the use of Trypticase soy broth °® If the agar streak method is used concentra
tions required to mbubit most are ly two to four
times as great as with the tube dilution test just described 1* This difference
approxumates that previously described m studies with other antibwoties 1If
bram heart 1nfusion broth 1s used rather than heart mfusion broth mn the
senial dilution techmque the mhibitory concentration 1s approximately three
to four times as great and if the size of the moculum 1s mereased to 102
from 10—* dilution of an overmght culture the concentration of kanamycin
required to produce bacteriostasss 1s two to four times greater *° Certam addi
tions to the culture media such as phosphates or chlonides have been shown
to protect bacterial cells from the action of hanamycin 1 The nature of this
protection 1s not known

Kamamyein 1s active 1n vitro against M3co tuberculosis m a conceatration
of 25 pg /ml 1 polysorbate 80 albupun medum and 10 ug /ml tn Proshauer
and Beck s medium plus 10 per cent horse serum 2

K yen exhibits cross with that 15 all
neomycin resistant strains of orgamisms are hanamycin resistant and neomycin
sensitive strans are kanamycin sensitive

There are between the P of vanous

to X and y generally beng

shghtly more actively bacteriostatic on a weight basis 6 ® % The reverse
appears to be true of the bactencidal effect * Gourevitch and co workers

TABLE I

1o Ranamycin and Other Antibiotics
Erythro  Chloram Bact Novo Poly Vanco- Risto
mycin phenicol tracin biocin myxin mycin cetn
60 82 91 97 0 100 100
40 13 9 3 100 [} [
03 57 0 0 77 o ]
100 43 100 100 23 100 100

0 35 0 17 23 q [
100 65 100 83 77 100 100
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Fic 2 Concentration of kanamyein {(ug /ml ) required to mbhabit 62 stramns of staphslo-
coccr (Reprinted with permission from Yow and Monzon 3%)
mycin 1s pnmanly bactericidal 1n that the bactenicidal concentration of the
anttbiotic 1s approximately equal to the concentration required to produce
bacterostasis®® (sce fig 2)
The precise concentration of kanamycin required to nhibit vanous micro=
orgamsms i vitro varnes depending on the size of the moculum bewng tested

TABLE II
C e S ty of Vanous Orga
Kana Neo- Pem Surepto.  Tetra
Organsms studied mycin mycin aillin mycin eyclne
taphylococer (91 stramns)
s 9% zensmve 100 1o 3 35 38
% yesistant 0 0 65 65 62
oup (21 strains]
Coli-aerogenes group ( ) 100 100 o a 5
b resistant o [ 100 53 43
Proteus Pseudomonas group (17
strains
83 83 3 47 335
G st 17 17 PH t]
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£l 1 ECTION
—— 10 gm
=== Q5 gm

40} — 025gm

Fio. 5 Average serum concen
trations 1 and 12 hours after
tepeated impections of kana
mycn at three dosage levels
025 05 and 10 Gm Ten
subjects were used at each
dosage level (Repnoted with
P]Cl;mlsslon from Welch et
alt)

Average serum concentration ug/ml

Hours of test

aad httle drug can be detected 1n the serum 12 hours after a single myection
The levels attamed 1n the serum are approximately the same as those after an
lent dose of or yon ® (see fig 3) Most
of the antibiotsc 15 excreted 1n the unne wathin 24 hours after 1t 15 admims
tered approximately 80 per cent being excreted n the first six hours after
medication * (see fig 4) [Ibere 1s no accumulation of kanamyemn 1 the
serum when given at 12 hour intervals (see fig 5) Th:re 1s little serum bind
g of the antit 'k yomn 1s excreted ty by lar filtra
tion after parenteral admimistration 23
kanamyein 1s distnibuted m hghly vascular organs such as the hver and

hidoey and appears q to the blood
level Penetration mto the spunal flmd bone and heart muscle 15 quite poor 3
There has been litde exp with the mt of

kanamycin since 1t 15 absorbed 50 rapidly after intramuscular injection Appar
ently the antibiotic 1s tolerated well when admmstered intravenously i that
ﬂuombophlebms does not seem to be a problem

15 50 poorly d after oral (40 Gm /day)
tha! blood levels are extremely low or not detectable ¢

THE TREATMENT OF INFECTIONS EXPERIMENTALLY
PRODUCED IN ANIMALS

Acute inft by the p 1 injection of mouse virulent
and kanamycin sensitive straims of Diplococcus preumonia klebsiella pneu
moniae Proteus vulgaris and Staph aureus respond (o kanamycin 1n a fashion
similar to that seen after the ad of p tetra

cychne yth and chl p bul mice m(ccled with a
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8

F1g 3 Average serum concen
tratons after single intramus
cular snjections of kanam)tin
at three dosage levels 025
@S snd 10 Gm Ten subjces
were used at each dosage
level (Reprinted with permus
sion from Welch et a] *%)

8

3

Average serum concentranon ug /ml

€
Hours after Lanamycin anjection

using senal transfer techmques on Staphylococcus aureus and Escherichia
colr have demonstrated the development of resistance to hanamycin in vitro

1 a slow, step! fashion R of mycok develops at a more
rapud rate Such resulting resistant strams follow the pattern of complete cross
to and plete cross to viomycin Umezawa

ycin
reported that a stram of £ colt made resistant to hanamyesn also developed
resistance to streptomycin However a stmular relationship was not found
with mycob No cross to b ycin with any of the other

has been jy demonstrated n our laboratones {see table

m

ABSORPTION DISTRIBUTION AND EXCRETION

Kanamyein ss absosbed rapsdly when injected intramuscularly peak concea
trations being reached within one hour The levels fall raprdly within six hours

3

Fla 4 Cunwlative percentage of
kanamycin dose recovered o the
urine after single ntramuscular
ajections of 025 05 apd L0
G ch curve represents the
composite results from 10 sub-
Jects (Reprnted with permission
from Welkh et al* )

3y & 3 12 74
Houss after medication

Per cent of dose recovered in unine
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TABLE III
Responses of Yanous Infections to Kanamycin

Infections that have responded
favorably to kanamjycin

Infections that have not usuaily
responded to kanamycin

Staphylococeal wfections

Furunculosis
Sepuucemia
Endocarditis
Ostcomyelus

Paeumococcal infections
Streptacoccal wnfections
Typhoid fever
Bracellosis

Intections due to E cols Most cases of mfection due to
‘Wound infections Pseudomonas

Urmary tract 1nfections
Infections due to Aderobacter Klebsiella
Unnary tract infection

‘Wound infections
Preumoniag

Some cases of Proteus ipfections

Infections caused by yeast fungy, and
anacrobic orgamsms

Most cases of Profeus nfections

Anthrax
Salmanellosis
Shigellosis

or more a week and 59 recerved less than 4 Gm a week Streptomycin was
admunistered twice a week 1 1 Gm doses All patients were given 10 Gm of
para aminosalicyle acid dailly One of the patients had dissemnated disease
but none had memngius It was concluded by this group that kanamycio~
para licylic acid bas a th effect almost equivalent to that of
acd k was effective 1n treatng

patients with mfectwns due to orgamsms resistant 1o one or more combma
tions of 1n acid hydrazide and para
acd No Lanamycm resistant strains of tubercle bacilh appeared dunng ther
apy i this study but they have been 1solated from panents treated wath hana
mycm 1n apother study 8

The effect of the oral administration of kanamycm on the bacterial flora
of the mntestinal tract appears to be 1dentical with that of neomycin that 1s
the coliform bactea Proteus Pseudomonas and Alebsiella are usually rap-
udly et d but the fecal Moniia Bacterordes and clostndia
usually persist ® ® This sup effect of L and on the
bactenal flora of the bowcls 18 presumably the explanaton for the lowenng of
the blood d with th of exther 1 pauents
with liver failure 5 Some patients requued dosages as large as 8 to 12 Gm
daily to produce a reduction and 1 some the effect was not sustamed or
reproducsble 10
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k: Ly strain of Strep hemolytcus were not protected
by ki yein therapy 18 K ycin protected agaimnst death and reduced the
number of viable organisms when administered to mice with long term staphy
lococcal mfection *# Tests carned out using an overwhelming ntravenous chal
lenge of staphylococer resistant to p Ik ptomycin  tets hine and
erythromycin showed that kanamyain was effective where the other antibiotics
were not 18

In the treatment of gumnea pigs infected with tubercle bacilli, hanamycm
appears to be less active than 1sonicotintc acid bydrazide and shighly less effec
tive than streptomycin 3 but more active than para amumnosalicyhic acd

3

K cin g d beneficial effects 1n ammals infected with strains resist
ant to streptomycin para 1 acd and acd hydra
zide 82

CLINICAL USES OF KANAMYCIN

Kanamycm has been used 1n the treatment of a wide vanety of bactenal
nfections and the clinical results have generally paralleled the in vitro studies
Most acute mfections due to such hanamycin sensitive orgamisms as Staph
aureus E colt Myco tuberculosis Bacillus anthracis and the Aerobacter
Klebsella group have responded quite promptly to the admumstration of

L y I due to sensitive strams of Proteus and Pseudomonas
have likewise improved Infections due to spectes generally resistant such as
D most T 1 species and most anaerobic orgamisms
or to resistant stramns of Proteus Pseud and the Aerob Klebsiella
group have not been f: bly infl d by hanamycin therapy (See table
1)

Some very sinking exceptions occur m this m vitro-in vivo relationship
although Brucella and Salmonella for example are quite sensitive m vitro to
X pauents with brucelloss and typhoid fever treated with hanamycin
have not usually responded chimically * The course of some other Salmonella
1nfections and most Shigella infections treated thus far has been altered favor
ably by hanamycin therapy *

The use of kanamycin 1n the treatment of vanious forms of tuberculosts has
thus far been most extensive 1n patients falhing to respond to established forms
of therapy but results have generally been quite encouraging ® * Beginning
m ber 1957 the Jap C on Ch: herapy for Tubercu
losts undertook to make a comparative evaluation of hanamycin in the treat
ment of this disease ® A report one year later included 110 patients who had
received kanamycm for more than two months Fifty two patients with sumilar
bachgrounds were treated with streptomycin The routine kanamycin dosage
schedule utihzed was 1 or 2 Gm a day twice a week though larger dosages
were given mn the early part of the study so that 51 patients received 4 Gm
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otiis media bram acute acute
Ltis pyek wound nf bophl
bms cmpyema prostahc abscesses and infected gangrene 431 03033 34
Most of the patients treated had already failed to respond to one or more
other antibiotics and many of the patients had other senious systemic diseases
(seefigs 6t09)

Since the ad of k ly alters the course of most

hy) 1 nf; 1ts 1 can best be understood by a more

detaded study of the reports of its faillures One of the most frequent causes
of failure seen with the of any new b today
1s the presence of far advanced disease interfening with the function of one or
more organ systems necessary to mamntam lLfe In some mnstances failure has
been due to damage produced by the mfectious process and 1 others mfec—
tions sumply L d some other i or
disorders This situation 1s wmevitable today 1n that the chntcal nvestigator 1s
not justified 1n treating diseases known to respond to other antibiotic agents
at least not without a clinical trial with several such agents prior to the admin
stration of a new and unevaluated agent As expenence with kanamycin
increased and 1ts advantages and disadvantages were better understood
pauents were treated earlier and more adequately and fewer failures occurred
for thus reason (figs 10 and 11)

F16 7 Carbuncles 1n a diabetic which promptly disappeared after kanamycia treatment
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Kanamycin has been used locally n the treatment of superficial mfections
and as a suppl to 1ts syst d O
05 to 3 mg/ml produce an effect sinular to that associated with the use of
neomyein in superfictal pyodermas  Because of the difficulties assoctated with
the sterihization of walled-off nf¢ and mn body cavities with

d b k y has been instilled locally 10
abscess cavities dramming sinuses the pentoneal cavity pleural spaces and
subarachnoid space The concentration imjected into the subarachnoid space
has been 05 mg /ml and the largest daily dosage has been 5 mg Concentra
tions varying from 2 5 to SO mg /ml have been used 1n other sites with a
maximum daily dosage of 1 0 Gm 32 It 1s lughly likely that at least part of the
antibiotic sstilled Jocally 15 absorbed so that this must be taken into considera
uon 1n calculating the total duly dosage to be given the patient

v ad

THE USE OF RANAMYCIN IN STAPHYLOCOCCAL INFECTIONS

Even though there are quantitative vanauons i the sensitinvity of staphylo-
cocet to hanamycin 1n vitro depending on the method used all strains studied
thus far appear to be nibited 1n vivo when the presently recommended
dosages are used and if the antibiotic actually comes in contact with the bac
tena The single exception to this occurs in some nstances of so called

overwhelming infections  as 1s seen 1n acute staphylococeal endocarditis

ples of the ficial and 1 g effect of A yein in
the treatment of many staphylococcal infecuons have now been reported
as p lung ab acute sinusitis

These mclude such
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Fie. 3 Appendictal abscess
18 3 12 year old boy due 1o

Staphylococens with prompt -
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Another ] to the effect; of & yom (and of all antibsotics

for that matter) 15 its mahhty to eradicate staphylococer barbored in areas
without an adequate vascular supply The most Lkely explanaton for this
faiture 1 that the antsbiolic 15 unable to reach the causatve orgamsm when
adnunsstered systemmcally such as 1 areas of necross fibsosis and i non
wable tissues or foreign bodies Another possible explanation is that these same
are often not f: ble for growih of bactera and they survive
as } Tlus has been seen y whent
efforts were made to treat such i as und: d ab chrome
osteomyelis chronte empyema miccted prostheses and mfected gangrene
duc prxm:mly 10 arterat In most X
g wath these 4 and supp dthe cellubtis
snrmundmg the localized mfecnou The local mstillation of the antibrotzc such
431 the pleural or hnowd spaces effectuvel; 1 d the systemse
admnistration of the drug but usually surgical dramagc or removal of foreign
bodies was required to produce more than a transient suppression of the
wlection
The actraty of all antsbioties 1s nfluenced an vitro by the number of organ
s per milthister of the inoculum bemng tested It 1s hiely that under extreme
@rcumstances 2 very heavy bactensal count may be a cause of fasfure i certain
<hisscat condibions At any rate this scems 10 be the exphnation for the
fadure of most antibiotics to control the blood stream fection due 1o organ
sms susecptible in vitro when the colony count & extremely high This may
be seen clancally 1n severe sepuicenna and classically w acute bactenat ende-
carditis secondary to severe seplicennz Some patients with staphylococcal
seplicemia even those with acute endorardstss have resp 1o hanam)
therapy after failing to respond 1o other ashibrotics active 1 vitro agamst the
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Fig 8 Osteomyehuss of the tbia of two years duration treated with surgery and kana
mycin mjechions (90 days) Left Roentgenogram of tibia before treatment Right
Roentgenogram of tbia after treatment was completed
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Fi¢ 11 Staphy! \| cellulitis and 1n a 52 year old dia
betic man Kkanamycin fatled to cure thus patient permanently

ammonia ntoxication due to liver falure and it mlght well be used for the
treatment of such enteric nf as staphyl, Kan n
has been administered intravenously in a few cases but this route offers little
ge since the b: 15 d so rapidly when njected intramus
cularly The tol of d d by the mtravenous route has
not yet been adequatel | d K can be ad d Jocally
and concentrations of 2 5 mg /ml have not appeared to be arritating to serous
©Or mucous membrines Concentrations of 5 mg /ml or more have been m
stlled into abscess cavities without pata or ather evidence of wntation

Optimum safe dosages of for the of have
not been established but 10 Gm given twice weekly seems to be adequate
Another should be ad d along with kanamycin

n order to decrease the frequency and rate of the appearance of resistant
orms

The presently ded dosages of ki yemn are summarnized 1n table
1V No more than 40 Gm should be given in a smgle course of therapy under
most circumstances and n elderly patients and patients with poor renal
function  the total dosages should be further limited

TOLERANCE UNTOWARD SIDE EFFECTS AND [OXICITY

The pain d with the mjection of k has
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Fic 10 Staphylococcal septicemua
and septic thrombophlebitis that failed
to respond Same patient as Fig 1l

causative organtsm There have been failures in this group however In sub
acute staphylococcal bactertal endocarditis whete the pathological process 1§
stmilar 1n most respects but the number of circulating bactenia 1s much smaller
therapy with kanamycn has been successful when the causative agent was
kanamyecin sensitive
A final problem assoctated with the treatment of staphylococcal mfections
has been the tendency of kanamyern resistant species to take over the infec
tious process after the staphylococc have been ehminated This 1s most Likely
to occur 1n chronic infections of mixed etiology or infections exposed to &
d such as empy with a bronchopleural fistula
nfected burn lung abscess and infection of the shin and subcutaneous tissues

ADMINISTRATION AND DOSAGE

Kanamycn 1s usually ad d by the route mn systemic
infections The drug 1s not sufficiently absorbed when admumistered by the oral
route to produce therapeutic levels but this method of adminstration has been
used as a means of prepanng the patient for bowel surgery and for treating
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40
_ Fic 12 A comparison of blood levels of hanamycin
~ %0 10 patients with normal and elevated serum creatinme
@ after intramuscular mjection of 1 Gm hasamycin

Thick hne 1adicates creatinine greater thag 3 mg /100

a4 ml Thin lme mdicates serum creatmine Jess than 3
K mg /100 ml
2 0
2
E

Hours

much longer periods of therapy were required to produce audiographic
changes In most wmstances the heanng loss begins m the high frequency ranges
and 1s preceded by tinmtus If the antibiotic 15 discontinued dunng the period
that tinnitus 1s prominent withdrawal of the drug results m a prevention of
the heating loss If kanam b dp loss as long
as the drug 1s grven but not after it 1s discontinued

Observations by several mvestigators'? 3 24 suggest that children tolerate
larger amounts of hanamycn One 6 year old child for example recewed
dosages from 30 to 60 mg /Kg /day for 40 days without andiographic evi
dence of hearing loss and another received between 35 and 50 mg /Kg /day
for 90 days

A factor of considerable importance 1n regard to auditory toxicity appears
to be the rate at which the antibiotic 1s excreted Since hanamycin 1s excreted
almost exclusively by glomerular filtration disorders associated with a de-
creased glomerular filtration are likely also to be associated with increased
blood levels of L (fig 12) and d toxiaaty This
is most likely to be observed 1n diabetic patients with msufficiently severe
himmelsnel Wilson s disease to produce an elevated creaummne Two of the
3 patients developing severe hearnng loss 1n Houston had himmelstiel Wilson s
disease 3 Heanng loss has been reported to occur as early as one week after
beginmng therapy in patients with marhed renal imsufficiency 11 8

Another problem regarding the toxicity of hanamycin m patients 1s that of
tenal injury Expenence with the use of the closely related antibiotic neomy
cn and the results of ammal toxicity expeniments with kanamycin strongly
suggested that thus would be a problem 1n the ciimcal use of the antibtotic
While many patents recewving hanamycin extubit evidence of mild renal irnta
tion as mamfested by cyhndrurta and occasionally albuminuna and micro-
scopic hematuria the only clear-cut evidence of serious renal toxcity was

.
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TABLE 1V
Posage Recommendations for kanamycin
Intramuscular Oral Local
Adults
1 Gm every & hours i severe illness 4108 Gm daly 25-5Smg/ml
(far stenlization
of bowel)

05 Gm every 6 hours 1n moderately severe 1llness
05 Gm every 8 or 12 hours m mild illness
Cluldren
50 mg /kg body weight per day 1n severe 1llness
25 mg /kg body werght per day 1n moderately severe illness
12 5 mg /Kg body weight per day i mild 1llness

about the same seventy as that d with the ad ration of stmilar
amounts of streptomycin or neomycm If the antibwotic 1s injected deep m
gluteal muscles in the upper and outer quadrant of the buttocks just below the
iac crest and well above and lateral to the sciatic notch pai 1s rarely a
sigmficant problem

Experience with the intravenous admimstration of hanamycin has been
limited butaf 1 Gm 1s given tn 500 ml of physiological saline or 5 per cent
glucose 1n water there 1s no vascular produced

Kanamycin 1s well tolerated when admimstered orally but an mncrease in
the number of stools may be encountered similar to that associated with
neomycin therapy

The greatest hazard of kanamycin therapy 1s mjury to the acoustic nerve
Thus 1s similar to that seen mn n with the ad. ation of dihydro
streptomycin and neomycin Ammal toxicity studies mdicate that this 15
related to the daily dosage and the total amount administered

It has been difficult to appraise accurately the details of the toxic effect of
hanamyctn on the eighth cranial nerve because of the scriousness of the illness
of most of the patients receiving hanamycin and the vanatons n the dosage
schedules 1n the early months of its chnical tnals but the most careful studics
have been performed by Finegold et al * The findings of this group mdicated
that of frequent audiograms are performed perceptive heanng loss of 40
dectbels or less can be d d not frequently 1 patients 4
greater than 40 mg /hg /day for periods of more than two weeks Of 11 pa
ents recenang dosages of from 40 to 60 mg /kg /day for 6 to 28 days 9
showed audiographic changes and 3 of the 9 had losses 1 the consersational
range Thrce of the 11 also had evidence of vestibular damage Fise of these
nts had pre-existing renal damage In pauents recewing smaller darly
1ent auditory damage was evident and

pates
dosages much milder and often trans



ANTIBIOTIC THERAPY FOR STAPHXYLOCOCCAL DISEASES 183

50

40
Fi6 12 A companson of blood levels of kanamycin
£ in patients with normal and elevated serum creatine
= after intramuscular mjection of 1 Gm kanamycm
Ed

Thick hine indicates creatinine greater than 3 mg /100

g ml Thin Lne indcates serum creatimne less than 3
K3 mg /100 ml
-
2
a
o
a 2 8 24
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much longer periods of therapy were required to produce audiographic
changes In most instances the hearing loss begins 1o the high frequency ranges
and 15 preceded by tinmitus If the antibiotic 1s discontinued dunng the period
that tnnitus 1s prominent withdrawal of the drug results i a prevention of
the heaning loss If kanamycm 1s continued permanent loss progresses as long
as the drug 1s given but not after 1t 1s discontinued

Gbservations by several mnvesiigators!? * 34 suggest that children tolerate
larger amounts of kanamyein One 6 year old chid for example received
dosages from 30 to 60 mg /hg /day for 40 days without audiographic evi
dence of hearing Joss and another recewved between 35 and 50 mg /Kg /day
for 90 days

A factor of considerable importance 1n regard to auditory toxicity appears
to be the rate at which the antibiotic 1s excreted Since kanamycin 1s excreted

almost excluswely by gl lar filtration d d with a de-
creased glomerular filtration are likely also to be associated with increased
blood Jevels of yan (fig 12) and q d toxiaty This

15 most likely to be obsenved 1n diabetic patients with msufficiently severe
himmelstiel Wilson s disease to produce an clevated creatinme Two of the
3 patients developing severe heaning loss 11 Houston had kammelstiel Wilson s
disease % Heanng loss has been reported to oceur as early as one weel after
beginmng therapy in patients with marked renal msufficiency »* 8

Another problem regarding the toxicity of Aanamycin 1 patients 1s that of
tenal injury Expenence with the use of the closely related antibiotic neormy
€ and the results of anumal toxicity expenments with kanamycin strongly
Suggested that this would be a problem in the climcal use of the antibiotic
While many patients recerving hanamycin exhibit evidence of muld renal irnta
tion as mamfested by cylindruna and occasionally albuminuria and micro-
scopic hematunia the only clear cut evidence of serous remal toxicity was
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sudden oliguna occurnng it 3 panent reposted by Berman and Katz® This
pauent recovered when the drug was withdraws Renal clearance studwes en
patsents receving kanamyon reyealed mild changes m one funchion or another
m most patents * The sigmficance of these changes has not been fully evaly
ated but semous renal toxweuty must not be 1 frequent problem nhen ane
considers the fact that so few patients having moderate to severe degrees of
renal fatare prior to Aanamyom therapy have shown evidence of aggravaton
of the disease with relatvely targe dosages of hanamyan Most patients witht
senous systemic discases and often marked fuid and electrolyte disturbances
have been treated with quite large dosages of hanamycin and none has deve?
oped more than fransient increases 1 unne retention that could be attnibuted
to the antibotic

Skun rashes of the maculopapular type have occurred 1n assogiation with
kanamycin therapy butin most mstances they have been so mild that 1t has
not been necessary to stop the drug Eosinophilia (6 to 20 per cent) has beet
noted with some frequency but s appareatly of no chimcal wmportance ¢ No
other changes sn the hematoposetie system hser function or electrocardio
gram have been descnbed

SUMMARY

Kanarson appears 1o be one of the most effectrve antistaphylococeat anti
biotics avatlable today 1t has the advantage of bang active agamnst all strains
of staphylacocer s bactericidal m s effect and 1s absorbed rapidly after
wiramuscular admimstration (so wnportant in pediatnic practice) It has the
disadvantage of producing acoustic fierve wjury when 1t 1 admumistered for
long penods of time or when extremely hugh blood levels are mauntamed for
short penods of tme Nephratexicity has not been a frequent serious compht

caton butitssary 1 hazard d with the ad tion of hama
mycn
h m has been ad d ly i virtually every haown

staphsiococcal infection In many mstances sts effect has been dramatic and
Iifesaving but when the causative organism oceurs in avascular areas systemic
admsmstration il not usually eradicate the staphylococes and surgieal therapy
must be used as a supplement 1o anubiohe therapy

Because of the toxscity associated with. intense or prolonged use of kanamy
cn st should not be used sn anld or self hmated infections but st should not
Be withheld in moderately severe or severe fections
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sudden oliguna oceurnng m a patient reported by Berman and hatz® Ths
patient recovered when the drog was withdrawn Renal clearance studies on
patients receving hanamycin revealed mild changes in one function of another
18 most patients 2 The significance of these changes has not been fully evale
ated but serious remal toxicity must not be a frequent problem whes one
considers the fact that so few patients having moderate to severe degeees of
renal fadure prior to kanamycm therapy have shown evidence of aggravation
of the disease with refatwely large dosages of kanamyem Most patients with
serious systemic diseases and often marked fluid and electrolyte disturbances
have been treated with quate large dosages of kanamycin and none has devel
oped maore than i unne that could be d
to the antibiotic

Shin rashes of the maculopapular type hase occurred i association wih
hapamycin therapy but in most mnstances they have been so midd that it has
not been necessary to stop the drug Eosmophihia (6 to 20 per cent) has been
noted with some frequency but is apparently of no chmeal importance * Ne
other changes i the hematopotetic system Inver function or electrocardio
gram have been described

SUMMARY

Kanamycin appears to be one of the most effecttve antistaphylococcal ant
biotics avatlable today It has the advantage of being active aganst all strams
of staphylococet s bactencidal n sts effect and 1 absorbed rapudly after
mtramuscular adaumistration (so mportant n pedutric practice) 1t has the
disadvantage of producing acoustic nerse mjury when it is admunistered for
long periods of tune or when extremely high blood lesels are mamntumed for
short periods of time Nephrotoxierty has not been a frequent senous comph

cation bui 15 a potential hazard d with the adl of hana
myemn

K has been ad d Yy m virtually every koown
taphy) § i In many its effect has been dramatsc and

hifesaving bur when the causative orgamnsm oceurs in avascular reas systemic
admimnstration wall not usually eradicate the staphylococer and surgscal therapy
must be used as a supplement to antsbiotie therapy

Because of the toxcity assocsated with intense or profonged use of kanarmy-
cn 3t should not be used 1 muld or self imited nfections but xt should not
be wathheld i moderately severe or severe mfections
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As the utles of this volume and the preceding chapters suggest the major
concern here has been with an up to-date evaluation of the place of currently
available antibrotics 1n the treatment and control of staphylococcal infections
The ndwidual contributors have dealt 1 greater detail with some of the ant
biotics that have been most recently intreduced and have attempted to summa
nze the available inf about these not only as they concern
staphylococeal infections but regard to therr usefulness 1o other infections
as well Tn the operung chapter an attempt was also made to present a brief
Picture of the current problem of staphylococcal infections 1 general and the
Place of certain of the earlier antibiotics m their management

THE STAPHYLOCOCCUS PROBLEM

The Staphylococcus problem 15 an old and tmportant one but 1t has recently
een brought 1nto focus by a number of events Perhaps the most dramatic
of these have been the reports of a number of eprdemics 1 hospital nursertes
which resulted 10 a large morbidity and a sigmificant mortality among newbom
nfants and 1 the of the staphyl 1 to many of
their mothers Although the of epids of inf Tud)
staphylococeal mfections m hospital murseries was certanly not new and the
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mote evident the situations that may always have been 1n existence but were
submerged or not acknowledged

8 L y facilities are b g more widely and more ¢
cient these permut the Jis of the agents their ptibil
10 anubiotics and now also their phage patterns allowing better diagnostic
and epidemiological evaluations

9 Increasing numbers of research projects had been focusing attention on
the problem of staphylococcal infections even before the current ncrease 1
interest among hospitals and other health agencies and 1n the lay press this
mcreased 1nterest has extended to the biology of the orgamsms and the various
factors related to their virulence the problems of host resistance the epiderm
ology of hyl i and their p and espe
cially with agents and p 1y wathin hospital

The problem 1s further complicated by the ubiquity of the organism 1 man
and s environment the multipheity of ways it can spread and disserunate
(patients carners formites aur droplets etc ) the hardy nature of the organ
sm and most important the fack of precise information about many aspects
of staphylococeal infections and how to cope with them Little indeed 1s known
of how inf the are what accounts for the
wirdlence of certain strains their contagiousness and the effects of other
ecological factors From the pownt of view of the host certam predisposmng
factors have been recognized such as diabetes general debility local trauma
foreign bodies the use of hormones 1rradiation antibiotic prophylaxis and
certain specific infections ¢ g nfluenza However lhittle 15 known about the
factors that make otherwise normal persons susceptible or why the great
majority of people both well and sick resist such infections with the same
contagious strans

The solution(s) to the hyl 1 problem are ty complex and
are not likely to be found 1 any sumple formula The mfection can hardly be
expected to yield to measures such as those adopted for mtestinal nfections
like typhoid fever The mtroduction of barrer nursing for all patients with
&very type of staph infection including those who are only carniers
would be a valuable aid but this 1s hardly feasible even in the most heavily
staffed hospitals Lven a munot approach to this method of attack would
scarcely be possible 1n the great majonity of hospitals in this country they are
already plagued by a great scarcity of nursing and attending personnel and
€0sts are already teaching a point where hospitals can hardly afford increases
I thewr staff even if it were possible to enlist more people for that purpose
The recognition and elimunation of carners particularly the so called danger
;"5 carniers  thay, i at least ly again 1s a

hfficult problem 1n the state of our Lnowledge because of the large number of
People mohed nearly all of whom are essential 1 the conduet of everyday

bl




188 ANTIBIOTICS MONOGRAZHS | 17

extent of these epidenucs not unusual they acquired new sigmficance becasse
of several carcumstances

1 All but a small percentage of babies m the Unsted States and probably
also 1n large centers of population s many other countries are now borm 18
hosptals

2 Many of the outt of staphyl 1 anf ] accusred
within a brief pertod and were recognized by bactenophage typg as beg
caused by staphylococes belonging to 2 single phage type this was a new ¢
not previously recognized and since the epidemics had occurred 1 widely scat
tered communities in many countries throughout the world they were consd
ered to be 1n the nature of a pandemic

3 The $t H causing the epids mn most of the hospitals %4
msensitive to the antibsotics that had been most widely used 1n those hospitalt
This same Staphylococcus was found to be the cause of many other hospital
acquired micctions st also appeared to be mcreasing m snedence along wih
other antib phyl and causing nd 13 many commi
nitses outside of hospitals

4 Reviews of the status of staphylocoecal mfections wn many hospitals
brought abeut an awareness of the fact that these were unusually frequent
particularly among hospital acquired nf it surgery and 18
those occurning as secondary or terminal infections sn patients with debilitat
ng discases or after apparent recovery from other infections under appsd
priate treatment with antibiotics

5 Other infections notably those caused by hemelyue streptococer that 18
previous (preantibiotic) years had been more frequent and more senovs
causes of hosputal acquired infections had been nearly ehmmated this g0
greater relative prominence to the staphylococcal nfections

6 Whereas in other mfectious conditions notably memmgococeal menisgt
tis gonorshea tub syphilss p and hemolytic streptocoecal
mnfectsons the use of antibiotics contisued to be highly successful the over alt
results of antsb of staphyk ! nfe though at first ve?y
enc now were b g quite P this was especaatly e
1n the most senious of these staphylococeal infections namely those savolving

or

.:7 The mrcrcasmg use of hospitals for teachsng has resulted smproyement
of facilsties for recogmzng snfections for the heeprg processing and study
of hospital tceords and for the aver all use of hospitals for diagnoss and
treatment Thas 15 true not only 1n hospitals affiliated with medscal schools but
m bers of liated hospitals which are compenng fof
medical wterns and residents and which now also provide continuous educa
onal programs for thew attendmg and house staffs This m tum has fed to
petter and more honest recording as well as self appraisal and has merely made
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tions Indeed they were the only useful antimicrobial agents available for
systemic use agamnst staphylococcal infections before the discovery of pem
allin Some reduction 1 mortality from sernious infections with bacteremia
had been reported from their use at that time In recent years these drugs
have for the most part proved meffective against serious staphylococcal infec
tions especially those acquired 1 hospitals and most of the staphylococct
from such infections are resistant to sulfonamide drugs The value of these
agents as adjunctives to increase the activity of other antistaphylococcal anty
biotics or to prevent the development of resistance to them has not been
adequately demonstrated

Carbomycin and Spiramycin Carbomjycin was the first erythromycin
Telated antibiotic to be mtroduced It proved to be active aganst staphylococet
mn viteo and showed complete cross resistance with erythromycin on organisms
made resistant to either one of these agents 1n the test tube but erythromycin
resistant strams 1solated from patients showed irregular susceptibility to car
bomycin This antibiotic proved essentially to have very low activity agamst
senous staphylococeal mnfections and therefore 1s no longer used for that
purpose

S

15 another eryt] yen hke t that 1s beng used 1n
some European countries It too 1s related to erythromycin n that orgamsms
made resistant 1n vitro to either one of these agents show complete resistance
to the other and also to carbomycin and to oleandomycin Although there are
some reports of the successful use of sp: m the of varous
infections with gram positive the results 1n staphyl fe
bave not been impressive and this agent has not recerved acceptance m the
Umited States Its extenswve use 1n one large clinic has resulted m rapid dis
semination of strams resistant to both sprramycin and erythromycin A second
chineal tnal was made some time later in the same clime and spiramycin was
then used ntensively but only m combination with novobiocn The appear
ance and increase 1n mecidence of staphylococe: resistant to both of these ant
bioties and to erytt were ds although hat delayed as
compared with the previous period when spiramycin was used alone Its in
vitro actinity agawmst staphylococc 1s much less than that of either erythromy
cn or d but the di clamm a greater 1 vivo
achity

Streptogramin (Staphylomycin) and Others Streptogramn and a group of
similar antibiotics appear to be highly active agents agamnst staphylococe
in vitro but have had only minor study as yet 1n this country These studies
have demonstrated some degree of cross resistance with the erythromycin
related group of antistaphylococcal agents but not complete cross resistance
These antibiotics have not received chrucal tnal or use 1 this country and
only a few reports of their use abroad are available
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actwvities of the hospital The en 1 factors mvolved m the d
uon of dangerous orgamsms apply to many pathogens bat are particularly
apphcable to staphylococer Attacks on these and stmilar fronts are important
and will undoubtedly bring about alleviation of the problem In the meantme
1t becomes necessary to ive with the problem and to attempt to minimuze its
serious effects while scarching for better methods of attach on the over all
situation

This book was not intended as a review of all the possible solutions that have
been suggested or even of the many specific problems that require study before
such solutions can be found The entire subject has been discussed m several
receat symposia some of which have been pubhished The reader 1s referred to
the monograph on staphylococcal infe blished 1 1956 1n the Annals
of the New York Academy of Sciences (65 57-246) to the report of the
Proceedings of the National Conference on Hosprtal Acquired Staphylococcal
Discase held in Atlanta Georgia Sept 15-17 1958 and sponsored by the
U S Public Health Service Communticable Diseases Center and National
Academy of Sciences National Research Counctl and to the collection of
papers entitled Selected Materals on Staphylococcal Disease October 1958
issued by the U S Department of Health Education and Welfare Pubhc
Health Service Burcau of State Services Commumeable Disease Center,
Atlanta Georgra (Public Health Service Publication no 627) A brief summary
of the clinical problems was presented by Rogers wn the April 1958 1ssue of
D M (Dusease a Month Chicago, Year Book Publishers Inc )

MISCELLANEOQUS ANTISTAPHYLOCOCCAL ANTIBIOTICS

The ¢ d; hap have p d a review of the information about
avzulable anubloucs and how they can best be nsed to minumize the hazards
of staphylococcal nfections once they occur Only those antibiotics that have
proved useful m the treatment of staphvlococcal mfcctrons have beent dealt
with A few other drugs will be discussed briefly here

Tyrothrioin Tyrothricin was the first modern antibiotic to be made avail
able It 1s still hsted 1n New and Nonofficial Remedies for 1959 This anti
brotic 1s active agamst all gram posiive orgamsms including staphylococer but
1t 1s ughly toxic to tissues and cannot be used systemucally Its use 1s hoted
o local appl 1n surface f and 1t 1s still being made available
either alone mn solutions or troches or mn vanous mixtures with other agents
for topical apphcation However there 1s very lutle mformation available
about 1ts value 1n staphylococeal infections

Sulfonamude Drugs Some of the sulfonam;dc drugs notnbly sulfathiazole
and sulfad exhubit derabl 1 I activity 1n vitro and
have been found to be of some value 1n the treatment of staphylococcal infec
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graphs to offer some compansons of the available anustaphylococcal anti
biotics 1n certamn mmportant respects these compansons can only be consid
ered as rough and qualitative It 1s doubtful whether agreement could be
reached by many expenienced mvestigators i all mstances These comparisons
may be of value as a summary and guide to the application of the agents that
have been discussed m detast Some that have been mentioned only briefly
namely the y and streptomycin will also be included
i these comparnisons because they too may stll have an important place 1
antistaphylococcal therapy at the present time

Relatne Activity Comparnisons of the activity of different antibiotics agamst
staphylococcal infections 1n human beings are for the most part crude and
only subjective because controlled chnical studies aimed at such compansons
are not available and are difficult of not impossible to carry out as
already mdicated determination of the relative value of amtibiotics will
depend on the expenence of the mdvidual making the companson or on an
assessment of reports of others as interpreted through one s own expenence
Beanng this 1n mind and considenng only the actvity tn nfections to which
the causative orgamsm 1s still fully sensitive 1t 1s sull possible to consider

pentcillin eryth * b yein Y
and oleandomycin* as the most active more or less mn that order The tetra
cyclines chl } bacitracin and yein are prob

ably less active and agam appromimately m that order

harby has considered vancomycin to be the most active and useful antibiotic
for sertous mfections because of its bactenaidal effect because of his farlure
to find stramns resistant to 1t and because levels of activity can be assured
since the intravenous route must be used Those who have bad experience
with this drug would probably concur 1n this view More generally 1t may be
sad that in senous hospital acquired staphylococeal mfections that are resist
ant to pemcillin eny thromycin and novobiocin the drugs of choice would be
vancomycin mistocetin and kanamycin more or less 1n that order Neomycin
Obvxously 15 less useful though somewhat more active 1 vitro than some other
agents such as and i n neomycn cannot be used
systemically mn a dosage adequate to produce a good clinical effect without
serious toxicity Occasional brilliant results have been obtained by courageous
Phystcrans who resorted to this antibiotic 1 desperate cases before hanamycin
became avatlable The latter antibiotic would now be preferred for systemic

In referting to the activity of eryth and d for

Purposes the activity of oral preparations 1s considered on the basis of erythromyain
Propionate and 1niacetyloleandomycin the best absorbed of these Tespective drups
{reports of comparisons of erythromycin stearate are not available) In witro erythro
myc1n 15 four to five umes as active (on the aserage) as oleandomycin agamst strains
susceptible to both
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L d 1n the introd; y chapter 1s now under study for
bBoth 1ts 1n vitro and climeal usefulness It 1s highly active n vitro and shows
some cross resstance with erythromycin and related annbiotics

Bryamycw 1s another antibiotic that 1s haghly active against staphylococtt
m vitro It exfubits no cross resistance with any other antibiotics but 1t has
not become available for clinical tnal

COMPARISONS OF USEFUL ANTISTAPHYLOCOCCAL ANTIBIOTICS

As indicated m the previous chapters from a therapeutic point of view the
situation 1s not altogether as gloomy as would appeat from the foregoing para
graphs To be sure the mortality from certamn types of staphylococcal mfec
tions remains high but this ugh mortality 1s hmxted to certamn types of
smphylocnccal m(ecuons namely \hose d by hylocoecal

puy

among the p

those occurnng in mfancy and those comphcalmg nfluenza still have a par
ticularly mgh mortality Poor results are also obtaned m staphylococeal infec
tions that complicate other debilitating diseases particularly when the treatment
15 undertaken late 10 the mfection or when the antibiotics are not properly
chosen or apphied Even in these categones of severe and ughly fatal mfec
uons encouraging results are reported with the new agents or even with the
older ones when properly apphed In the great majonty of staphvlococcal
infections the results have been highly favorable

Althongh each of the autbors who reviewed the individual antibiotics
attempted 1o present a fair picture of the potentiality of that agent some have
emphasized the more favorable aspects and others have perhaps gone 1to
greater detar] about the less favorable properties In each instance however
the mtent was to present the available information so that the reader could
apply these facts most effectively Comparisons of these antibyotics are dyfficult
for their effects depend on the judgment and care with which they are used
and these 1n turn depend on expenence Some physicrans may extract the
most value from relatively poor agents by applying, them properly and to their
best advantage whereas others may have less success i the application of
more potent agemts by using them improperdy The excessve use of such
antiblotics when they are not indicated inadequate dosage 1mproper choice of
cases failure to guard against develcpmcm of resistance when possible fadure
o mixed inf or toxic effects of the
antibioues and fmbure 10 apply Proper measures to cope with these situations

all are factors that may reduce the value of even the most effective agents
Moreover the falure to apply local treatment or to drain accessible foc of
suppuration when possﬂ:le Iukewnse tends to dunumsh the effectiveness of the

against stap!
In spite of these dxtﬁculurs an attempt will be made 1n the next few para
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novobiocn 18 also nsing so that from 10 to 30 per cent or more may be highly
resistant to one or another of these drugs Interestingly enough resistance of
this degree to chloramphenicol has been rare even where this agent has been
used extensively Although solated imstances have been reported where 1
to 50 per cent of chl h 1 resistant stap were d
these occurred only durng brief periods under special ¢rrcumstances of 1nten
sive usage of chloramphenicol as the only antbiotic when normal usage of
chloramphenicol was resumed  the incidence agan dropped to low levels Thus
far the ncid of strams of staphyl 1 resistant to the other antibiotics
namely to b y y |\ and nistocetin has
remained exceedingly low In the case of some of these antibiotics notably
chloramphenicol and vancomycin 1t appears to be more difficult 1n vitro to
produce straims fesistant to these antibiotics than 1s the case with others

Cross Resistance  All of the yel t (chlor 1
oxytetracycline tetracycline and the most recent demethylchlortetracychne)
exhubit plete cross both m vitro and i vivo Olean

domycin  spiramycin and carbomyem may be considered erythromycin
related drugs organisms made resistant by subculture to any of these 4
develop plete cross to each of the others On the

other hand  strains 1solated from patients exhuibit cross resistance among these
agents only irregularly at least m the usual sensitivity tests Among patho
gemic staphylococer 1solated 1n various laboratonies from 10 to 70 per cent
of freshly 1solated erythromycin reststant stramns show resistance of moderate
ot hugh degree to oleandomyein as well and the same 15 probably true of
carbomyein

There appears to be nearly plete cross between
and khanamycin both m orgamsms made resistant n vitro and in resistant
strans ssolated from patients who are under treatment with one or the other
of these agents There is also a minor degree of cross resistance between these
o agents and streptomycin but this 1s probably of lttle or no chinical sig
nificance Likewise there 1s some shight degree of cross reststance between the
tetracyclines and chloramphenicol and this also probably has no clinteal
significance

None of the other antibiotics namely pentcillin novobiocin  bacitracin
vancomyemn or mistocetn show any cross resistance among each other or with
any of the other antibiotics No other cross resistance of mmportance has been
found between the tetracychines and any other group of antibiotics or between
each of the erythromycin ike antibiotics and others not 1 that group except
for munor cross Tesistance between these agents and antibiotics of the strepto
gramun group

Bacterwostanc vs Bactencidal Action Each of the antibiotics we have con
sidered may be b dal under certain and the
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use Other considerations may make some of the antibiotics relatively more
effective than mdicated here under special circumstances

Moreover the effectiveness of some of these agents n serous staphylo-
coceal iafections depends on their use together with other active agents either
because of thesr bacteniostatic action or because of the tendency of the organ
ism to become resistant i the course of treatment Thus erythromycin noo
biocn oleandomycin and strep ain should probably never be used alone
1n serious staphylococcal mfections where treatment must be continued for
relatively long periods Another antibiotic notably bacitracin kanamyem or
chloramphenicol may well be used as a second antibiotic to prevent the
development of resistance or at least 1o delay the appearance of resistant van
ants and depress the degree of resistance that might emerge In fact bacuracn
though not very effective when used alone 1 the treatment of senous staphy
Iococeal infections may be highly useful 1n increasmg the actvity of novo-
biocin or erythromycin or even vancomycin likewise chloramphenicol has
its greatest useful m staphyl 1 infe m t with more
active agents particularly erythromycin and novobiocm by stself 1t has rela
tively low activity

Resistance When each of the antibiotics was first introduced ifs activity
agamst diff stramns of staph 1solated from patients before treat
ment was started was more or less uniform such vanations as were observed
were over a relatively narrow range of concentrations of the antibiotic With
mcreasing usage however progressively larger proportions of stramns with
moderate or high resistance to certam of these antibiotics have been eacoun
tered This 1s particularly true 1n regard to pemtcilin streptomyemn and the
tetracyclines In many places where they have been extensively used either 1
the hospital or m the commumty this 15 now also being observed with respect
to erythromycin oleandomycin and novobiocin as well For each of these
antibiotics a certan proportion of strains of staphylococer are now found io
be highly sensitve mearly all of the rest are highly resistant and a relatively
small proportion (perhaps 2 to 10 per cent of the total) are found to be inter
mediate 1 thesr susceptibifity (1e¢  only shghtly sensitive or moderately
resistant)

The proportion of strams resistant to each of these antibiotics will vary
with the hospital or communsty For example strains resistant to 50 units of
pencillin or more may comprisc as many as 50 per cent of all pathogenic
strains and in some hospitals even more than 80 per cent of the staphylococcs
isolated from wfections or from nasal carniers n those hospitals For the
tetracychnes the proportion of staphylococct resistant to $0 g or more may
range from 20 to more than 50 per cent for a sumilar concentration of strepto
mycin the propartion may 1aage from 20 to more than 90 per cent resistant
ospitals the incidence of strains resistant to erythromycin and to

In some h
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orally of parenterally as much as 100 mullion units/day or more has been used

nthe of with p llin resistant strams In general dosages
of 2 to 10 mullion umts/day are now generaily given for the treatment of
ufections with highly or mod 1y sensitive hyl All other anti

bioties have a relatively narrow range of dosage the usual dosage 1s about
2 Gm /day but Jarger dosages of er Y b leandomy
and chloramphenicol—up to 4 Gm daily by mouth—may be gven The
larger dosages of erythromycin however may produce gastrointestinal irmita
tion 1n some patients and the larger dosages of chloramphenicol may produce
sore tongue and gastnic wntation

When grven orally neomycmn and kanamycin may be used in daily dosages
of4t0 6 Gm however §oreven 12 Gm /day has been used in the treatment
of patients wath impending hepatic coma but the larger dosages of these
twa drugs may produce vomiting and diarrhea n some patients Except n
vnusual circumst, dosage of yem should not exceed
1 Gm daily and tius should not be grven for more than one week Dosage of
anamycin 15 best kept at 1 5 Gm daily or less and it should be given for no
longer than two weeks to avoid serous renal damage and ototoxicity The
dosage of streptomycin should Iikewtse be hept at or less than 2 Gm daiy at
first and reduced later to 1 Gm /day ‘The dosage of bacitracin 15 80 000 to
100000 units datly given 1 three or four mjections Most of the drugs are
Blven 1n two to four equal amounts over a 24 hour period The large doses
of pemeittin may be given by continuous intravenous mfusion and this method
has been employed although 1t 15 not recommended for vancomycin and
mstocetin The dosages mentioned are recommended as average for adults 1nd
should be adjusted for anfants and children

Joxicity Most of these phy! ate ly free of
senous toxie effects but some have mdividual propensities to produce certam
speaific untoward effects which must be considered esther in the choice of the
drug for therapy or m evaluating fever and unusual symptoms while they are
beng gven In each mstance 1t 15 essential to be on the watch for some of them

by close chinical observation or by employmng the proper laboratory or ather
tests

In general perucitlin 1s the least taxic of the antibiotics even when given in
farge dosages however there has been an nereasing number of persons who
have acquired serious hypersensitivity to this drug which may exclude its use
A fequure 1ts discontinuance The serum sickness type of sensitivity reaction
1s charactenistic of pemcilin but 1t has also been reported with novobiocin
The latter anubiotic and streptomycin may produce fever and rashes novo
biocm pethaps more frequently than any other antibiotic duning the course
of treatment These drug fevers and rashes usually clear up within on¢ to four
dags after treatment has stopped Same of the erythematous reactions that
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coceal antibrotics may be classified roughly according to therr activity some
bemg predomimantly bactericidal and others largely bacteriostatic Thus con
sidermg activity aganst only sensitive strains pemcilin streptomycin kana
mycin neomyein bacitracin vancomycin and probably nistocetin are generally
classified as predominantly bactericidal agents On the other hand the tetra
cychne antibiotics chloramphenicol novobiocn erythromycm and oleando-
mycin are said to be bactertostatic 1n thewr action The antibiotics classified as
bacteniostatic may exert a bactericidal effect on organisms that are moderately
sensitive to them 1f high enough c s of the antit cag be
achieved For certain strams of staphylococer and perhaps for many strawns
with some combinatons the use of a predomnantly bactencidal drug 12
combmation with one that 1s predommantly bacteriostatic may ncrease the
total bactericidal effect aganst the orgamsm however this activity cannot
always be depended on to act 1n a predictable manner The difference be
tween the bacterseidal and bacteriostatic end pomts may vary with the condt
tions of the test in exther type of agent but the difference in the concentrations
15 of course generally small for the bactericidal agents regardless of the
methods used

Absorption and Route of Adminstration Pemailin ervthromycin novo
biocin the tetracyel hl ph 1 and oleandomycin are absorbed
from the gastromntestinal tract z\nd may also be gtven by the intramuscular of
ntravenous routes On the other hand streptomycin bacitracin vancomycm
kanamycin neomycin and ristocetin are not absorbed from the
tract Oral use of the latter group of agents 1s therefore hmited to therr ex
pected effects on the mtestinal flora as n the prcp:lratmn for large bowel
surgery or w the p or treatment of O
Neomycin and kanamycin are now the antibiotics most fn:quen!ly used for the
former and the same antibiotics or erythromycin or bacitracin have been used
for the latter but vancomyemn and nstocetin could also be used orally in the
prevention or treatment of staphylococcal enterocohtss The systenuc use of
streptomycin bacitracin kanamycin and neomycin 3s iited to intramuscular
mjection because they are probably too toxic when given intravenously Vanco
mycm and mistocetn are given only intravenously the currently available
intramuscular preparations are too irntating but improved preparations may
be avatlable for such use m the future All of the anustaphylocoecal antbiotics
may be used topically on surface lesions of the shin and mucous membranes
or may be lnjected mto purulent foct i appmpnalc amounts and concentra
tions However the appl of p yemn and
to lestons of the shin and mucous membranes 1s not recommended because of
the high potentral of sensiizing effects of these drugs (known for the first two
and preswmed for novobiogn)

Dosage Pemcillin can be given within a very wide range of dosage erther
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toxicity such as fever and rash has appeared hepatotoxicity has also beon
reported 1 patients on prolonged therapy with streptomycin but this too 1s
very rate In pateents recerving novobiocin & yetlow tuge to the skin sclera
and mucous membranes hos been poted in such instances the serum gives
only a posine direct reaction n vhe fest for bilirubin and this 1s sad to be
due 1o some metabolic product of novobiotm there 18 no bile 1n the unnc
wsuch cases

Optussum Therapy In order to achicve the best results m the treatment of
staphylococeal infections 1t 1s essential to abide by certan obvious principles
Firgt & 15 unportant to treat only mnfections that afe enther (1) extensne
(2) large and spreading (3) muluple (4) associated with blood stream
@vasion or (5) in focatians that make them serious Antibiofics should gen
erally be avoided 1 simple small furencles that are well locabzed The anti
biotics should be selected on the basis of susceptibility of the offending
Staphylococcus 1t 15 best where condiions permit to have this information
before selecting the agents However when immediate treatment seems 1
peratise matersals for culture and sensitivity testug should be obtamed before
msttution of such treorment Unider these condstions the drugs to be used
hould be chosen on the basis of the best probability in view of the most likely
sauree of sufection and the known suscepubility of the slmms |sola(cd n sm
far situations fn aff cases i which er yih:
or ofeandomycin 1s chosen another agent !hnx has bccn ﬂhuwn o be acmc
against the offending orgamism or may be expected to be actne should be used
Simultaneously If the second agent 15 discontinued or a change 13 necessary
1015 important to stop the first agent at the same time and to remsutuie treat
ment with two drugs agamn

Changes 1n therupy to the appropriate antbionic if the onginsl chowe was
not proper may then be made when the results of the culture and sensitivity
tests become available Changes should also be made when the pauent fails to
wespand clueally or bactenologieally or shows clear sigas of relapse of nfec
(mn after npparent xmpmvcmcnl but an ample hmc should be allowed 10

since may Tesolve

slowly and lh: sympxoms subside grndually even when the proper antibiotics
are chosen and arc performung properly If a change i therapy 15 contem
plated atempts should be made 1o obtain fusther matersa) for cultuse and
sensitivity tests and to look for changes 1n sensitivity of the straing and the
appearance of new strams of other (super)infecuons The possibility of fever
resalting {rom the drug must be considered especially when either pentciliin
streptomyesn or novobiocn s used such fever vsually subsides after with
drawal of the offending drug

Early drainage of accessible focs of suppuration should be undentaten Asph
faton may be used 10 the case of infection of scrous cavitics and surgical
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occur dunng the second week of novobtocin treatment may clear dunng
continued admimstration of this agent but it 1s generally not advisable to keep
gving any drug i the face of a rash and a febnle reaction except in upusual
cireumstances
Any of the antibiotics may produce gastramtestinal usstation durng oral
admumstration if the dosage is large enough The tetracychines or erythromy
cin when given in a dosage of 2 Gm /day or more may do this there may be
nausea, feelng of flatulence distention and increased bowel activity m the
form of large bulky soft stools or occastonally diasshea These symptoms
may also be encountered mn patients who receise hanamycin or neomycin in a
dosage greater than 6 Gm /day by mouth
Changes 1 the flora of the resprratory or tesynal tract may fesult from
the use of any of the annbrotics given by any route but particularly whea
given orally Strams of staphylococc: resistant to the antbtotics used may
become promunent and give rise to new infections or to relapses Gram
negatwve bacillary forms (Escherichia colt Aerobacter aerogenes Protens and
Pseud: and lly 4ch b ) may replace the predoms
nant gram positne flora when antibotics with narrow or intermediate spec
trum are wsed ond yeasts or fungi may Increase and assume pathogemic
sigmaficance when broad spectrum antibsotes (tetracyclines chloramphentcal
kanamycin neomyen) or multiple antibrotics are employed for long pertods
Local sntation at the sites of mtramuscular injection varies 1n mtensity
and the same 15 true of local venous wrnitation at the site of mntravenous wujec
tions oy mfusions This may vary wah the drug wsed the concentration of the
antibsohic that ss mjected or the speed with which the mjection 1s made
Oceasional thermal reactions have occurred after intravenous mjections of
vancomycin but these have been less frequent with recent fots
Renal wurilation occurs anly after g of neonty k or
bacutracin the severity of these reactions bewng essentially 1 that order these
three drugs should be avorded or used with great caution 1 pauents with
mparred renal function Streptomyem and vancomycn also should be used
with caution i patients with repal insuffictency these two antbiotics as well
as kanamycm and neomycin may gne nise to eighth nerve toxicty which may
be exaggerated by the mercased retention of the drug that occurs in patients
with impareed tenal function
Granulocytopenia has been reported from streptomycin novobiocn and
chloramphentcol thrombocy topenia has been observed wath nistocetin and
chloramphentcol and aplastic anemra has been atinbuled fo the Jatter antt
hwotie 1 a number of cases All of these hematological comphieations  bow
ever are quite rare Hepatotoxoity ikewise 15 very mfrequent and s nanted
to rare cases mn which Jarge dosages of tetracyclines are mjected intravenously
or to patients wha continue fo recen e novobracia alter other evidence of drug
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toxicity such as fever and rash has appeared hepatotoxicity has also been
reported m patents on prolonged therapy with streptomjcin but ths too 1s
very rare In patients recewving novobjocin a yellow tinge to the shin sclera
and mucous membranes has been noted in such mstances the serum gives
only a positive direct reaction i the test for bilrubin and this 15 smd to be
due 1o some metabolic product of novobiocin there is no bie in the unne
m such cases

Optunum Therapy In order to achieve the best results i the treatment of
staphylococcal mnfections 1t 1s essential to abide by certatn obvious pruiciples
Fust 1t 15 important to treat only infections that are ether (1) extensne
(2) large and spreading (3) multiple (4) associated with blood stream
wasion or (5} m locations that make them senous Antibrotics should gen
erally be avoided 1 simple small furuncles that are well localized The antt
biotics should be sclected on the basis of suscepubility of the offending
Staphylococcus It 1s best where conditions permit to have this mformation
before selecting the agents However when immediate treatment seems im
perative matenals for culture and sensitivity testing should be obtained before
nstitution. of such treatment Under these conditions the drugs to be used
should be chosen on the basts of the best probabuity in view of the most hikely
source of infection and the known susceptibility of the strains isolated 1n s
lar situauons In all cases m which ery y
or oleandomycin 1s chosen anather agent that has been shown to be active
aganst the offending orgamism or may be expected to be active should be used
simultancously If the second agent 1s discontinued or a change 1s necessary
it ts anportant to stop the first agent at the same time and to remsutute treat
ment with two drugs agam

Changes n therapy to the appropnate antibiotic 1f the onginal choice was
Dot proper may then be made when the results of the culture and sensitivty
tests become available Changes should also be made when the panient fails to
respond clinically or bacteriologically or shows clear signs of relapse of infec
uon after apparent improvement but an nmplc time should be allowed to

Sug! p smce stap may resolve

slowly and the symptoms subside gradually e\:n when the proper antibiotics
ate chosen and are performing properly If a change m therapy 1s contem
Plated attempts shonld be made to obtan further matenal for culture and
sensiteaty tests and to look for changes in scasitvity of the strains and the
2ppearance of new stramns of other (super)ifections The possibility of fever
resulting from the drug must be considered especially when either pericillin
streptomycin or novobiocin 15 used such fever usually subsides after with
drawal of the offending drug

Early dramage of accessible foct of suppuration should be undertahen Aspt
fation may be used in the case of infection of serous cavities and surgical
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meisions may be made i the case of fesions of the skw and subcutancous
ussues or where there are farge walled off suppurative focs that do not respond
to systeruic treatment The use of Iyhe enzymes such as strepiokimnase and
streptodamase or trypsint may be resorted to whea there are large deposits of
fibrm these may be helpful particularly m the pleural cavity and sometimes
mn the josats or the pencard Topical i} of b 10 AcCesst
bie infected cavities should be employed whenever feassble bacitracn 15
probably the most usefol for this purpose but sensttizang agents such as pen
cilfin plomy and probably b should be avouded i topicat
therapy of lestons of the skin or mucous membsanes

Reservations or Limutanons of Annbiotics The problem of restricting one
or another antiiotic has not been discussed thus far Several metheds have
been recommended

1 Lamiting the use of one or more agents to hfe threatening miections m
which they are the only effecusve ones as judged from sensitvity tests would
be expected to preserve the drug for such cases by reducing the chances for
development and spread of varants resistant to that drug

2 Rotaton of drugs some being used for several months and thep with
drawn completely from use and replaced by others would be expected to
Limst the extent to which reststant vanants would occur and spread and such
resistance as will have occurred would then be expected to be dissipated
ume after the withdrawal of that agent and the mtroduction of cthers

3 Some agents mught be restnicted to use only i combination with other
antibiotics only those to which the causstve organisms are sensitne bemg
used m such combenations This would be expected to delay the emergence of
resistance and perhaps to result m 2 lower degree of resistance when
develops

These restiicuons would of course be applicable only to the use of ant
biotics to which the imaidence of resistant strams 15 already appreciable or to
which resistance may be expected to develop i the course of their use The
efficacy of any of these methods has not been fully documented and they
cannot therefore be recommended on the basts of proved usefulness

The most reasonable restuiction i the use of antistaphylococcal antibioycs
that can be ded without h 1s that they be used sensibly and
only for ciearly defined indications These antibiotics should never be used for
prophylaxis en a wide scale i Bosptals or i closed communities particularfy
for jong perieds Such usage 15 certan to upset the balance of the prevatkng
flora 10 favor of org: s to the very b that are so used
“The antsbioties most suitable for each case should be sefected and changes
made after adequate tral has shown them to be meffecuve or nadequate of
when other are d or when evid of toxscity pre
cludes these further use
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tetracychines 21

vancomyan 126-127
Rcspnlrlaolory nfections novobrocin

nistocelin in 156

vancomycin m 132-133

cee also under specific infection
Ristocetn 138-166

admuinistration  method of 149-152



ANTIBIOTIC THERAPY FOR STAPHYLOCOCCAL DISEASES

anubactf‘ml spectrum of 140-141(zab )

141-1-

antimicrobaal actvaty of 140-141(sab )
141-145

assay of 139 141

bactencidal actuvity of Jpuas

1n brain abscess 167-1

chemucal charac(cnsucs uf 139

dosage forms of 149-1

1 endocarditis 159 16

Esmma globulia plus  effcacy of 146-

1n infections 155—164

1solation of

n memingitis lb -1

mode of action of 143 145

m osteomyelitis 158-159

pharmacology of 148-152

resistance to 145~148

1n respiratory mfections 156

1n septic arthritis 158 159

m sepucemia 160-162

i skin infections 157-158

10 soft tissue fections 157158

stability of 139

toxicity of 148-149 157-153 154
155(1ab )

1a visceral fections 163-164
Romicil—see Oleandomyein
Salmmxdla l)plmxa Staphylococcus aureus

Scarlel I:\er novobiocin 1 110
§tptlc arthntis mstocetin 1 158 159

col for
oleandomyein in 84—87
Tistocetin 10 160-16:
Yancomyein m 133-] 135
Side effects—see Toxiciy

207

Stability of oleandomycin 41
_ nstocetn 139

et agaumt 192200 ©

cross infection with 2

n hospital infections 5-9

infection with—see Infection staphylo

wsolation of 3

oleandomyein and 51-53

phage patterns of 4-5

problem of 187-190

rela;l;e activity of antibiotics agamnst,
1935

resnstance of to antibioucs 2 34 194
195

type
Smphylocarm: aureus Salmonella typhosa
d 7-8

Staptylomyein 191

reptococer oleandomycin and S0-51

treptogramin

Streptomjcin erythromycin and 31
Novobwein

trucsure of oleandomycin 4445

Sulfadiazine 10 mfections 190-191

plus dosage forms of 77
Sulfalhlalu]: m snfections 190191
Sulfisoxazole oleandomycin plus  actnvity

dosage forms of 77

n urinary tract infections 88-89
Sulfonamides 1n infections 190-191

novobiocin plus action of 103 effi acy

of 111-112

Surgery 1nfection following 1-2
Synergism of emhmmycm 31

novobiocin 10 -

oleandomycin 59

vancomyein 127

Tao—see Truscenyloleandomycin
Tria

Signemycin—see Oleandomyein  tetracy
cline plus
4 V—ME Oleand: tetracy
c

Shin s(nph)locnccal infections of bact
tracin m 73

chloramphcmwl for 16-17
oleandomycin in 77-81
penicilim tn 10 11
nistocetin 10 159-158
vancomycin 132
Soft tissues_ staphylacoccal nfections of
chloramphenicol for
oleandomyeun 1 77-81
peniciflin in 10~11
nsloc:lm mn 157»!58
vancomycin in 132
Solubility of oleandomycin 41
ources of hospital mfections 8-9
Spramyoin 1 infections 191
tetracycline with efficiency of 68
Spontun—see Ristocet n

sulfa
pyrimidine pl
T:ua:f)chsnc emhmmmn plus efficiency
novobtocin plus  action of 103 effi
cacy of 111 112
oleandomycin plus dosage forms for
76 efficacy of 67 68 for osteomyel
s 87-88 for respiratory nfections
82-83 84 for septicerma and endo-
cardiis  86-87 for stiphylococcal
shin mferlxons 78-81 therapeutic ac
vty of 58-61 toxicity of 7. 73
74-75 1o unmary tract wfections 88§
spiramycin plus efficiency of 68
Tetracyclines muiguc spectrum of 21
absorption -0
erylhmmycm and 31
excretion of 19-.0
resistance to 71
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Oleandomyctn (Continued)

a.nnbn:wna\ specirum of 394D 45-46
48-51(ab ) 50-53

antimicrobial activity of 45-62

chemical charactensucs of 41-45
45(fig )

chlm’amphemcol plus activity of 62

condmons affecting 1 vitro activity of

d:ﬁusmn nto body fluids and tissues 10
anmmals 63-6-

distribution 1 body fluids and tissues
m man 66-67

dosage forms of 75-77

empyema and 81-84

mn endocarditis §4-87

excrelgosn of i animals 62-63 s man

n nfections 77-89 of sk and soft
tissues 77-81

m vivo therapeutic actrity of 57-62

1solation of

mode of action of 53-54

negmycin plus activity of 62

1m osteomyehitis 87-88

other antibioiics combined with activ
ity of >8-62 efficacy of 67-69

penicilln plus therapeutic actvity of
61-62

pharmacology of 62-75

physical charactenistics of 4

phy;xcal and chemical combmanons of
[3

pneumonia and 81-84
resistance to 54-57
In septicerua  84-87
staphylococet and 51-53
streptococel and
sulfonamides and activity of 61
sulficoxazole plus dosage forms of 77
1n urinary tract infecttons 88-89
tetracychine plus_ dosage forms for 76
eficacy of 67-68 for osteomychm
87-88 " for respiratory

ANTIBIOTICS MONOGRAPHS | 12

Osteomyelttis  staphylococcal — bacitracia
m 25

chloramphentcol for 18-19
novobiocin m 109
oleandomycin tn_87-88
penicillin i 11-12
nistocetn 1o 158-159
vancomycin . 135-136

Ozms1 3medxa staphylococcal pemicillin 1

PA93-—see Noyobiocin
Peniaillm  erythromycin and 31
novobiocin plus  action of 103 efficacy
of 111-112 117 1 expersmental ;m
fections 105
oleandomycm and therapeutic activity

oleandopcn plus efficiency of 68 69
for staphylococcal infectons 10-13
staphylacoccal resistance to
toxicity of

Penicilhn G oleandomycin salt of 40

Phages of staphylococes

Pharmacology of kanamycr 172-173
novobiocin 105
oleandomycin 62-75
ristocetin  148-152
triacetyloleandomycin 69-71
vancomycte 127-

Phystcal properties of novobioem 98
oleandomycin

P taphyl 1 m

23
chloramphemcal for 17-18
novobtotip 1n 109 110
oleandomycin 1n 81-84
penrcilm n 12
vancomyeiti i 132-1
Potentiometry of ol:andomycm 44
Puerperal sepsis 2
Purnification of vancomyem 123
Pyodermas novobiocta n 109 "
m

83 84 for septicennia and endacardx
s 86-87 for Lin 1n

taphy | to

fections 78—8l lherapeunc acnvny
of 58-61 toxwcity of 3 74-75
1n urinary tract nnfmnons
toxicity of 1 anumals 70(mb) 71-73
mman 7375 "
leandomyain dervatives—see under spe
o afic Z’ompaund and also under Ole
andom;

iy
oleandopcn spectrum  of

annbzclznal

anumlcroblal activity of 61

other auuhmucs combmed with effi
ciency of 68-

pemicillin plus efficiency of 68-69

physical and chemical charactersstics of

Optical activity of oleandomycin 41

of
2 34 194—195
erythromycn
hospital staphy]acoccn 5.7
kanamycin 170-17
novobiocin 99-101 102 108 112 116
-118
oleandomycin  54-57
ristocetin 145-148
tetracyclines 21
vancomycin 126-127
Respuratory nfections novobiocin n
110
nistocetn in 156
vancomyan i 132-133
see also under specific infection
Ristocetin 138-166
admunstration method of 149-152
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Tetracychnes (Continued)
for staphylococcal mfections 19-21
toxcity of 20-21

Therapy optinum with antibiotics

Tissues

oleandomyctn diffusion into tn animals
1 man 66-67
nistocetn in 149-152
vancomycin diffusion tte 129
Toxicity of antibiotics compared
199

bacitracin 22

chloramphenicol

erythromycin

kanamycin 168-169 181-184

monopropsonyl erythromycin 33-34

novobrocin 112-115 1n amimals 105

oleandomycin to antmals 70(tab )
71-73 to man 73-75

penicillin 1

ristocetin 148-149  152-153 154-
155(tab )

tetracyclines 20-21

tnacetyloleandomycin 72-73

vancomycin  129-130

Tr; spec

15-16

199-

novobiocin distribution m 105-

197-

ANTIBIOTICS MONOGRAPHS | 12

Trpropionyloleandomyein  physical and
chemical charactenstics of 41-45

Tuberculosss hanamycin in 174-175

Tyrothricin 1n infections 190

Ultraviolet absorption of oleandomycin

Undulant fever novobiocin n 110
Uniary tract infections novobiocin 18
10

oleandomycia m 88-89

Vancocin—see Vancomycin
Vancomycm 123-137
absorption of 127-129
admenistration methods of 130-131
antagonism of 12
bacitracin and 127
chemical characteristics of 123
dlf{l;sglon mto body fluds and tissues

dosage forms of 130-13t
m empyema 132-133

m endocarditis 133-135
excretion of 127-129

1 infecttons 131-136
1solation of 123

and 127

trum of 40

anumicrobial actvity of 62

dosage forms of 76-77

n empyemas 84

1n osteomyehtis 88

pharmacology of 69-71

physical and chemical characteristics of
41

In preumonia 83

i staphylococeal skin anfections 80-81

sulfapyrimidine plus  dosage forms of

toxicity of 72-73
for urinary tract infections 89

n osteomyelitrs 135-136
pharmacology of 127-129
in pneumomnta 132-133
purification of 123
resistance to 126-127
1 respiratory wnfections 132-133
1n septicernia 133-135
in shin and soft tissue infections 132
synergism of 1
toxicity of 129-130
Visceral mfections mistocetin 1 163-164
Vulcamicina—see Novobwocun

Wound infections novobrocin mm 109






