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Forcwm d

Of Making Many Books

Or rather for the moment, about the making of this one
1 am pleased to be alloned to air some views in writing this
prologue It is a valuable timely and much needed book,
that offers to all physfcians within its convenfent scope a
wealth of practical material, the critical cvaluation of that
material by expert authors and their sage advice on its
long range use

One cannot overestimate the importance to Man of the
victories gamed by our new weapons over many disenses of
microbial origin even though it is yet too soon to foresee
or assess the full impact of those victories on all aspects of
human affairs But, to make the most effective use of those
weapons, we must know the indications for and the manner
of their use as well as the principles that underlie thelr
action. The fist emphasis therefore lies on making a diag
nosis in sufficient detafl to permit the selection of the proper
therapeutic agent and then on the effective wse of that
ogent. Betwecn the covers of this book the practitioner
will find the nuggets of information that have been culled
for him from a vast litcrature (which he could never hope
to scan) and that hove been tried and assayed for him in
the rich experience of the authors

Potent weapons improperly used, can do serious damage
in unskilled hands The physician must never loss sight of
the basic principle that his trestment should not do the
patient an avo{dable harm The authors have Lept this con
cept ever in mind and have stressed the possible dangers
and pitfalls with clarity and commendable zeal. Let me
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Foreword

record my concern over the commonest iatric sin agafnst the
individual patient The use of these powerful weapons in
treating minor ailments This robs him of his ability to stand
on his own immunologic legs as a result of repeated lesser
encounters with microbial agents What is worse, it may in
duce a serlous sensitivity to a therapeuntic agent that would
preclude its use in a later major illness in which that agent
might have been life-saving. One should not shoot sparrows
with rockets carrylng atomic war heads.

There is a yet more serious aspect to the injudicions and
excessive use af these agents that applies to Man in gen
eral The production of drug resistant strains Within a few
years the staphylococe: met in hospitals have shown a shift
from twenty per cent 50 resistant to seventy-five per ceat.
The tubercle bacillus has shown amazing eptitude in this
directon. Just because we have not yet witnessed any sig
nificant trend toward the development of organisms resistant
to penicillin does not preclude that possibility Indeed,
quite the revemse is to be expected, in the light of what is
known of the mechanism of action of ell such agents. To be
an effective antimicrobial agent, a drug must be able to
interfere with some part of a function that is vital to the
organism, yet sufficiently remote from the most fundamental
life processes to imply the possibility that the function can
be by-passed. As Fleming pointed out, Because some of the
bacteria have the power of making themselves resistant to
all antibiotics it is essential that these drugs shall not be
abused.

1t is, therefore to be deplored that mass administration
of drugs to well persons is gaining favor in some quarters
in attempts to prevent certain infections in controlled pop-
ulations Over e decade ago such a use of sulfonamides re-
sulted in drug resistant strains of streptococc! fn @ place
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Foreword

where they wreaked havoe a few months later Today peni
cillin 1s being given parenterally in a similar group to pre
vent theumatic fever There is alrendy being harvested a
crop of unjustified penicillin sensftivities and who knows
what clse may be in the making We physiclans of today
carry the responsibility that in the year 2055 when some
future authors write a book on Antimicrobic Therapy the
Foreword shall not refer to the curous fact that about o
century ago Man thought he had conquered microbes with
substances called antiblotics but by their unwise over use
had raised up new and resistant strains, whose study was
now the major weariness of his flesh. But, those who prefer
to {gnore history must be prepared to repeat it, as the phi
losopher Santayana pointed out.
Riciiarp A Kerw M D
Professor and lHead of the Department of
Medicine Temple University School of Medicine






Prcface

Tor practice of medicine offers no greater satisfaction than
the successful treatment of a patient with a sev ere infection
which prior to modem antimicrobial therapy proved highly
or uniformly fatal At the present time at least one-half of
all medical and surgical patients recets ed antimicrobial drugs
as a part of their treatment  Certainly the advent of these
agents represents one of the greatest discovenes of recent
years and fust as cach new discovery in medicine has in
creased our knowledge and opened up new avenues of ap-
proach yet simultancously imposed new challenges so these
ngents are no cxception to the old adage Al is not gold that
glitters  Their admintstration has resulted in certaln un
desirable consequences which constitute new and serlous
problems in the medical care of patients.

The indiseriminate uso of these antimicrobial instruments
singly or in combination, has resulted in an Increasing num
ber of both drug resistant bacteria and superinfections with
endogenous microorganisms which are naturally resistant to
these agents in addition to an increasing incidence of un
toward reactions ta them The spectacular inercase in num
ber of antimicrobic compounds resulting from the com
petitive rescarch efforts of the pharmaceutical industry in
its search for more effective and less toxic agents males
it virtually impossible for a busy practitioner to evaluate
properly the available antimicroblal remedies Inasmuch as
successful treatment with anv drug Is dependent upon the
physician s understanding of the therapeutic agent he pre-
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Preface

scribes the need is great for a simple guide to the intelligent
use of our antimicrobial allies

In this book, we have attempted to crystallize the currently
avallable information regarding the laboratory and clinicel
applications of the anttmicrobial auxliaries In so doing, we
have been prompted by the realization thet a great deal of
this information, as it is found in our standard textbooks, is
often out of date because of the lapse in time required to
publish such detailed and comprehenstve works

At this time such obstecles as our faflure to understand
fully the mode of action of these drugs and the mechanixm
of many of the toxic reactions associated with their use makes
such an undertaking difficalt. Furthermore the rapid de
velopment and introduction of new antimicrobial agents adds
to the difficulties of presenting an up-to-date discussion of the
subject. Nevertheless a great deel has been learned concern-
ing these drugs and this knowledge can serve as a gulde not
only for their intelligent use but also as a basis for the evalua
tion of new drugs as they became available

Success with the antimicrobial agents is dependent upon
an early and accurate diagnosis, followed by their proper use.
This being a discussion of our antimicrobial weapons, we
have necessarily stressed the use of these drugs but it is to
be remembered that, regardless of their proven therapeutic
effectiveness, they are not to be used to the exchision or
neglect of other proven forms of therapy when such are
indicated.

In the preparation of this work, we have endeavored to
present data which accord with the present state of our
knowledge and which, though conclse, should give to the
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Preface

student and practicing phvsiclan the fundamental principles
governing this type of therapy  We have tried to indicate
what scem to be the important issues and to point out that
many conclusions which are generally accepted as final are
in reality only provisional and may very probably have to bo
modified greatly as a result of more accurate observation and
more critical consideration of results.

In order to keep the material within reasonable limits wo
have omitted clinical records and have disregarded for the
most part all controversial questions and theordes still under
discussion Certaln references have been inserted in the book
for the benefit of those who may wish to study moroe fully
some particular phasc of this subject. Those sclected to be
included refer to contributions which themselves present a
more or less complete bibliography dealing with compara
tively recent investigations which are efther of exceptional
importance or historically interesting

Finally we wish to acknowledge the cooperation of those
who have contributed in various ways to the preparation of
this book. Thanks arc due to the Chiefs of Service of the
Philadelphia General Hospital (Blockley Division ) for afford
ing us clinical facilities and to the Houso Staff and Nurses for
their assistance In the clinical evaluation of these drugs dur
ing the past seventeen years To the members of the Depart
ment of Laboratories of the Philadelphiz General Hospital
(Blockley Division) especinlly Doctors Jefferson H Clark,
John G Reinhold and Miss ] M O'Loughlin we express our
gratitude for their {nvulugble afd Thanks are due to Dr
William W Welss for his advice concerning the use of these
drugs in the treatment of tuberculosis We are also indebted
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Preface

to certain pharmaceutical manufecturers for providing us
with the varlous antimicrobial agents To the friends of The
Research Fund for Infectious Diseases, the Schools of Medi
cine, the Umversity of Pennsylvania, we likewise wish to
express our appreciation for their financial assistance To the
publishers for their cordial cooperation and many helpful
suggestions we wish to express our thanks

HFF

GME

Science it the soul of the prosperity of Nations and the living source of
all progress — what really leads us forward are a few scientific discover
ies ond their application, — Loos Pastron (1822 1895)
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Antinicrobial A genls

SULFONAMIDES

Tue chemleal treatment of bacterlal discase was reopened
with the discovery of the effectiveness of the sulfonamide
group of drugs in 1835 Since that time, numerous clinical
reports have established unquestionably the therapeutic
cffectiveness of sulfanilamide and its allied eompounds in
many kinds of infectious discase However the sulfon

amides possess definfte shortcomings First many strains
of bacteria are naturally resistant to thelr action. Second
Initially susceptible strains in a species can and do develop
resistance to the sulfonamide drugs durlng treatment, so
that o number of bacterlal infeetions are no longer amena

ble to sulfonamide therapy Furthermore, the antibacterial
actlvity of sulfonamides is diminished in the presence of
pus Finally these drugs may produce o varlety of serious
untoward reactions With the more recent introduction of
the antiblotics indications for the sulfonamides have be-
come restricted. Nevertheless, in spite of the superlority
of the antibiotics in certnin disenses and the known dis

advantages of the sulfonamides there still exists a definite
place for the latter either singly or combined with the
antibiotics in antimicrobial therapy
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Antvmicrobial Therapy m Medical Practice

Mode of Action and Therapeutic Limitations

In order to know the kind of cases in which these drugs
are likely to succeed, some knowledge of their mods of
action is essential. At this ime there are several theoretical
conceptions as to the manner in which these drugs act, but
no single theory has been evolved which completely explains
their action The most widely accepted theory postulates
that the action of these drugs is accomplished by interfer
ence with essential metabolites vis a displacement of para
aminobenzoic acid from the bacterlal enzyme necessary for
growth of the organism, since the bacterlostatic action of
these drugs has been shown to be prevented by small
amounts of pare aminobenzoic acid. With this theory it is
possible to predict with reasonable accuracy the in oftro
activities of new sulfonamides Regardless of the exact
mechanism of sulfonamide activity certain prnciples of
treatment have evolved as a result of clinical observations
of their use in several types of infections It appears that
the sulfonamides exert their greatest effectiveness in diffuse
lesions characterized by marimal Hssue invasion and min
mal tssue destruction. The presence of necrotic tissue or
pus m a leslon prevents the compounds from acting upon
the organisms with the same maximum effect which char
acterizes their action on diffuse nonsuppurative infections.
Furthermore if an infection is treated after two or thres
days of progression, and some degree of localization or pus
formation has occurred in the interim, the sulfonamides
seem clinically to accomplish little more than to protect
untnvolved Hssue. Therefore, it is important to start chemo-
therapy early in the disease process before pus formation
takes place because once this has occurred the drugs are
relatively ineffective. Since the introducton of sulfanil
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Antimicrobial Agents

amide many of its denvatives have reeeived clinical trial
Wi ¢ shall lmit this discussion to those in common use The
sulfapyrimidines (sulfadinzine sulfamerazine and sulfa
methazine) sulfisoxazole (Gantnsin Iloffman La Roche)
and sulfisomidine (LClkosin Ciba) and the rclatively in
soluble compounds phthalylsulfathiazole (sulfathaladine,
Sharp and Dohme) and succiny] sulfathiazole (sulfasux
dine Sharp and Dohme) In addition the parent substance
sulfamlamide s included, although 1t is scldom used In
general there is little qualitatine difference in tho ant
microbic spectrum of the varlous commonly employed
sulfonamides  The most susceptible types of organisms in
clude streptococei staphylococel pneumococd, gonococet,
meningococel  Escherichia coll H  influenzac  Acrobacter
acrogenes and Proteus culgaris Such compounds as phthalyl
sulfathiazole and succiny] sulfathinzole because of their
differences in solubility and absorption have simflar but
local action in the gastrointestinal tract The action of the
parent substance sulfanflumide is chiefly agninst tho strep-
tococei and gonococel.

Pharmacology

With the exception of sulfanilamide the sulfonamides
are relathvely insoluble in water However they manifest
increased solubility in body fluids The drug concentra
tions reached locally and in the blood are dependent upon
the rate of entry into and exit from, the local area and
the cireulating blood The rational basis for the local appli
cation of the sulfonamides is the higher concentration ob-
tatned locally and because of tho relatively greater solubility
of sulfanilamide in wound flulds its use locally has proved
to be the most satisfactory However the limitations fm
posed by the relatively limited solubility of sulfadlazine
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and the other sulfonamides 1n comparison with sulfanila
mide, is partially balanced by the fact that the former
remain in the wound longer than does the latter When
administered by mouth, one may assume for practical pur
poses that all of these drugs, with the exception of phthaly]
sulfathiazole and succmyl sulfathiazole, ere nearly com
pletely absorbed from the gastrointestinal tract into the
blood stream within from two to four hours after ingestion
of moderate doses After four to six hours the amount of
drug m the circulating blood diminishes rapidly so that
it is important to administer a large initial dose, followed
by smaller amounts at four to six hour intervals in order
to obtein and maintain therapeutic blood concentrations
untl complete clinical cures are obtained. Since irregular
or varying blood concentrations have been shown to pro-
duce diminished therapeutic results the above schedule of
doses should be followed f uniformly effective blood lsvels
aro to be maintamed. Obviously when these drugs are
employed parenterally high blood levels are obtained more
rapidly than when they are administered locally or by
mouth.

Following their absorpton into the blood stream, the
sulfonamides are partially converted by the liver into the
acetyl, or conjugated forms In gemeral, approximately
twenty per cent of the drug eppears in the circulating
blood as acetylated compound. Since thess derivatives are
therapeutically inactive and tend at the same time to be
more toxlc, because of diminished solubility a sulfonam{de
capable of a high degree of acetylation is less desirable
than one with a low capacity of this property

For the most part, sulfanilamide and the sulfapyrimidines
resemble the behavior of ures in thelr uniform distrbution
thronghout the body they diffuse readily from the blood
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Antimcerobral Agents

stream into the vanous body tissues and fluids the pene
tration being influenced by the degree of combination with
plasma proteins  The vasculanty of a tissue influcnces its
drug concentration so that diffusion into an arca of chronic
infection bone and necrotic tissue may be deficlent. All
of these drugs are present in exudates and transudates in
concentrations equal to or higher than those found in the
blood They pass readth into the cercbrospinal fluid in
concentrations averaging fifty to seventy five per cent of
that present in the blood Available data on sulfisoxazole
and sulfadimetine indicate that these drugs traverse the
hematocephalic barrier in amounts which result in lower
cerebrospinal fluld concentrations than those obtained with
other sulfapyrimidines

Regardless of their route of administration the sulfon
emide drugs are excreted in the urinc to the extent of
eighty to ninety per cent of the quantity administered,
both in the free and acetylated form  For the most part
this takes place within twenty four to forty—cight hours.
The pereentage in the acetylated form vardes with the drug
and with the patfent Sulfonamide excretion s similar to
that of urea except that reabsorption by the tubules occurs
to a greater extent and climination is reduced in tho pres
ence of diminished nitrogen excretion  However the clear
ance of thesc drugs fs Increased definitely by increased
urnary flow rate which can be obtalned best by forcing
flulds efther by mouth or if necessary parenterally With
a decrease in Kdney function one finds an Increase in drug
concentration in the blood cspecially tho acetylated form.
Therefore should the urine volume become low the pos
sibility of stone formation in the urinary tract by crystals
of the acetyl compounds particularly sulfadiazine sulfa
merazine and sulfamethazine, is greatly incrensed The
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possibility of such an occurrence is significantly less with
sulfisoxazole and sulfisomidine in view of the greater solu
bility especaally in acid urine, of the acetylated derva
tives of these drugs

Sulfonamide Mixtures

Although the belief Is widely held that administration
of sufficlent fluid to insure high urinary output is enough
to prevent crystalluria and that this hazard is the result of
the very low solubility of the acetylated drugs in ecid
urine, it has been learned that high urine vohmnes and the
use of alkali will not forestall precipitation of sulfadiazme
sulfamerazine, or sulfamethazine. However chemical and
clinfcal studies of these agents in combination have dem-
onstrated that the total amount of sulfonamide that can
be held in solution in urine is substantally fncreased when
two or more of these substances are administered simul
taneously and that this is accomplished without sacrificing
therapeutic activity Thus it is possible to lessen the haz
ards of urinary tract complications due to sulfonamide
crystals or calcull. Hence, the rationale for the combination
of sulfadiazine and sulfamernzme with or without sulfa
methazine, as a method of decreasing remal toxicity while
maintaining antbacterial efficacy Certatnly it is still fm
portant, when using the sulfapyrimidines to malntain a
urinary output of at least 1200 cc. (1 1/5 guarts) daily

Toxicology

In discussing the untoward resctions of sulfonamide ther
apy it is well to point out several factors which tend to
influence their incidence and severity The length of time
that the drugs are admunistered and the totsl dose em-
ployed are probably the most important factors Children
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scem to tolemte these drugs better than the aged those
with good nutntion and normal renal function better than
the poorh nourished and these having Kidney damage.

Mild Toxic Reactions

Ambultory patients complam of dizziness rather com
monly  especially with sulfanilumide  To recognize that
dizziness mas occur is important espeanlly in the case of
paticnts who operate machines requinmg precision or judg
ment. Cyvanosis often olsenved in patients recelving sul
fanilamide 1y less frequent and less scvere with the other
drugs of this group and can be disregarded The most
frequent toxle reactions scen arc nausea and vomiting
These usually appear by the first twenty four hours of
therapy hut rarcly Decome so severe as to necessitate dis
continuing therapy

Severe Toxic Reactions

Drug fever Is scen in approximately three per ceat of
patients receiving the sulfonamides It may occur at any
time but is most commonly scen from five to ten days
after the beginning of treatment. Trequently drug fover
may be followed by dermatitis hemolytic anemia, or neu
tropenta. When it occurs treatment should be stopped.
At times it is difficult to determine whether an observed
temperature rise represents a drug reaction or a recrudes
cence of the fnfection The fever of the original infection
Is usually normal by the third day of treatment and if the
patient is improved clinfeally one should suspect that the
rse in temperature is duc to the drug The lsukocyte
count may or may not be clevated during drug fever Asa
rule if the drug is causing the temperature it will drop
within from tw enty four to forty-eight hours following ces
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sation of therapy while flaids are forced. If treatment is
again necessary it Is well to administer 0.8 Gm. (5 grains)
Ofdrugbymouthxmd,tfnoaharpfebﬂlerespomamrs
within twelve hours, therapy can be reinstituted with extra
precautions Drug rashes occur with the sulfonamides in
approximately two per cent of patients and may occur at
any time after the beginning of treatment, especially after
the fifth day If the petients condition warrants, the drug
may be continued with cantion, although it is best to stop
treatment. Psychoses due to these drugs occur at any time.
If the infectious process is under control when psychosis
is observed, the drug is best discontinued. Hematuria fs
not observed with sulfanilamide and rarely with sulfi

soxazole and sulfadimetine, but occurs microscopically in
about three per cent of patlents treated with the other
sulfapyrimidines. Likewiss, gross hematura Is observed at
times following the latter drugs Unless erther a consider

able number of red cells are detected or evidence of ureteral
blockage is apparent, cautious treatment may be continued,
but it should be remembered that hematuria is often a
precursor of severe renal insufficiency The presence of
tncreasing oliguria or anurls, as well as skin eruption, fever
or blood dyscrasia demands immediate alkalization of the
urme ¢o & pH of 7.5 or more, plug fulds in order to elimmate
the drug as soon as possible. Bleeding from the urlnary
tract following the prolonged use of gantrisin may be en

countered occasionally Under these conditions, there oc-
curs a lowering of the prothrombin level in the blood.
Occastonal cases of anuria have been observed during ar
following the use of sulfadiazine, sulfamerazine end sulfa

methazine and in such cases the drug should be stopped
immediately In this connection, it should he remembered
that renal damage Is not always the resalt of mechanical
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stoppage but may consist of a toxe lesion giving rise to
tubular degeneration and glomerular changes Depres
sion of the white blood cells may occur at any Hme, but
most cases of agranulocytosis have occurred after twelve
days of treitment. Acute hemolytic enemia, scen chiefly
following sulfanilamide, may occur following the use of
any of the sulfonnmides When it appears usually during
the first four days of treatment, the drug should be stopped
immediately Mild anemia of the hemolyte type is secn
more frequent]y but does not constitute a serious problem.
Other toxic cffcets such as hepatitls nephritls myocardibs
purpura hemorrthagica and neuritis may be secen  In addl
tion to the above Immediate toxic reactions there has been
a great den] of interest regarding tho possibility that these
drugs may give rise to changes in the blood vesscls simulat
ing perfarteritls nodosa

Methods of Administration and Dosages

The sulfonamide compounds arc administered locally
orally and parenterally The local use of these drugs has
been for the most part disappointing, although they are
still being employed in certain specialtics In general, thelr
administration by mouth constitutes the most satisfactory
method. However in certain instances when a rapid ele-
vation of the drug concentration in the blood is desired,
or when oml medication is impractieal or impossible, it is
necessary to resort to parenternl administration. Sulfanil
amide because of its relatively high solubility in water
can be given subcutaneously or intravenously as a one per
cent solution in sterlle physiological saline. Best results
with sulfanilamide are obtained oia the subcutaneous route.
For intravenous therapy with the sulfapyrimidines (sulfa
dinzine sulfamerazine and sulfamethazine) a five per cent
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soludon of the sodtum salt in sterile distilled water is
preferred.

Several factars influence the amount of drug required
to produce the desrred result. As a rule, the dosages are
smaller when the compounds are employed prophylac-
tically than when they are used therapeutically Patents
treated in bed usually are gven larger amounts than those
who are ambulatory The type of Infecting organism must
be considered as to its susceptibility to the drug and also
whether the infechon is mild or severe Acute conditions,
fnvolving soft tissues require different dosages than do
chronic bone or unnary tract Infections Moreover certain
factors such as kidney function, drug absorption, and the
state of dehydration all tend to mnfluence the amount of drug
found m the blood. From this it becomes apparent that it
is Impossible to outline a coume of sulfonamide therapy
which will suit the needs of every patient. Therefore, the
following recommendations on dosage are for the treat
ment of adult patients suffering with acute infections which
are severe enough to warrant full sulfonamide dosage.

Sulfonamide Dosage

A blood concentration of free sulfanilamide of 10 mg.
per cent will give madmum themapentic effectiveness in
most types of infectons caused by susceptible organisms
Blood concentrations at this level can be attained by an
initial dose of sulfanilamide by mouth of from 8 to 5 Gm.
of sulfanilamide followed by doses of 1 0 to 1 3 Gm. every four
hours day and night until the temperature has been normal
for seventy two hours along with signs of clnical improve-
ment. The dose then is reduced gradually until complete cure
is obtained. This dose schedule may be applied in general
to the parenteral administration by the subcutaneous route
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although the rate of absorption by the tissues will influence
the same  In general it {s necessan to gne the dmg every
«x to eight hours in order to mamtain adequate blood levels
of free drug The docage of the sulfapynmidines (sulfa
diazine «ulfamerazine and sulfamethazine) s essentially
the same and although the amomt of free drug in the blood
is of doubtful <igmficance a concentration of above 5 mg
per cont should gne muimum results  In meningitis
higher eoncentmtions about 15 me per cent are desirable
The usunl dorage In mouth for these drugs consists of an
inftial dose of 3 to 4 Cm  followed by 1 Gm every four
to six hours daw and mght For intravenous use with the
sodim st the dosage s caleulated on the basis of 0006
Gm per kg of body weight and is repeated at six hour
intervals Tor the most part the dose schedule for the
newer sulfonumides (Gantrisin and Llhosin) §s somewhat
larger than for the sulfapyrimidines especially an urinary
tract infections (1 to 6 Cm dailv Ih nouth)  Tor the
relatively nonalworhable sulfonamides (sulfathaladine and
sulfasuxidine) the wsual dose is 2 Gm every four to six
hours orally

Indications

At this time the sulfonamides are indicated in the treat
ment of uncomplicated urinary tract infections bacillary
dysentery and meningococeic meningitis The use of sul
fonamides and antibiotics in combination is of especial
value fn those infections where it is difficult to obtain
sufficient concentrations of any one drug Certatnly there
has been o renewed interest recently in the uso of the
sulfonamides particularly in urinary tract infections, largely
as a result of the toxic reactions associated with certain of
the wide spectrum antiblotics Furthermore such drugs as
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sulfathaladine and sulfasuxidine which are poorly absorbed
and are largely excreted in the feces are used prophylac-
tically in the preparation of large bowel surgery

Contramndications

The only possible contraindications to sulfonamide treat
ment {s a history of a previous sensitvity to sulfanilamide
and its derivatives as manifested by drug fever gross
hematurs, dermatitis, hemolytic anemia, neutropenis, or
jaundice. Certainly in patients with such a history one
should select some other form of therapy such as the anti
biotics, rather than run the risk of continuing sulfonamide
tomicity In ambulatory patients receiving the sulfonamides,
it is best to edvise against the use of aleohol, as at times
they tend to cause marked dizziness Aside from this there
seems to be no evidence that any other form of medication
or food is contraindicated.

PENICILLIN

Of the several known penicilling only the benzyl type
has achleved extensive clinical acceptance. By virtue of its
antibacterial activity negligible toxicity and comparatively
low cost, it is the drug of cholce for those infectious dis-
eases encountered most frequently Unlike the sulfonamides,
penicillin is effective in the presence of pus. With the
exception of the staphylococcl, no other organisms have
been shown to develop a significent degree of in oioo
resistance to it.

Mode of Action and Therapeunc Limitations
Although the exact mechanism of the action of penicillin
is not yet clearly defined, it appears that its maximum
action is mantfested chiefly against rapidly multiplying
12
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organisms by Interfering with their ability to synthesize
protein from amino acids, the process being blocked at a
point which allows the accumulation of peptides Agalnst
susceptible microorgantsms Its actlvity may be bactericidal
or bactenostatic, depending upon the concentration at the
site of infectdon Certain species of bacteria, particularly
E coll are capable of produdng an enzyme, penicillmase,
which inactivates the drug Tho organisms most suscep

tible to penicillin activity are those in the gram positive
group Pncumocoeci, streptocoeet, staphylococdd, certain of
the clostridia and strains of lactobacill. In addition, the
gram negatn e cocei, meningocoeet and gonococcd, are Itko-
wise sensitive to this drug Troponemal and borrelial in

fections iIncluding syphills pinta, yaws and Vineents an

gina, can be successfully treated with this drug Penicillin
in combination with other antimicrobial agents is likewise
a valuable adjunct in the therapy of other discases

Pharmacology

When administered Intramuscularly penicillin is rapidly
absorbed {nto the blood stream. Absorption from the gastro-
intestinal tract, following oral administration of the crystal
line drug is relatively poor The plasma, or serum con
centration of penicillin may serve as a rough guide to the
amount of drug in the tissues the more important con
sideration being the amount of penicillin occurring at the fo-
cus of infechon The amount of penicillin reaching the site
of infection is largely dependent upon the rate of absorp-
tion fnto the blood stream the diffusion rate into the Hs
sues, the penicillin binding property of serum proteins the
rate of penicillin inactivation at the Infected site the diffusion
rate from the Hssues and the rate of excretion. For the
most part, penicfllin permeates most tissues except the
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brain cornea and lens Obviously in relatively avascular
areas such as thick walled abscesses the amount of penidl
lin 1n the tissues is Limited. Tt is possible to obtmn effective
concentrations of penicillin in the cerebrospinal flurd and
vitreous humor by employing massive dosages This is
especially so in the presence of acutely inflamed tissues.
The need for intrathecal administration is therefore ob-
viated in most cases

Approxumately sixty to seventy per cent of parenterally
administered penlcillin is excreted in the urine the rate
of elimmnation depending on the preperaton employed
When given orally approximately twenty per cent is recov
ered in the unne Because of the extreme rapidity with
which crystalline penicillin is excreted by the renal tubules,
it i3 difficult to maintain high concentraions of the drug
in the circulating blood by means of this dosage form Various
attempts have boen made to prolong the action of the
drug either by slowing the rate of absorption from the
site of Injection, or retarding its rate of elimination. The
use of penicillin suspended in peanut oil and beeswax was
reasonzbly successful in prolonging effective concentrations
since it constituted a reservolr from which penicillin was
slowly given up to the body flulds However because of
the occurrence of pain and induraton at the site of injec-
tion, as well as certamn allergic manifestations and sterile
abscesses, this method was not found practical. The devel-
opment of procaine penicillin and other depot penicillins af
forded comparable penicillemia with relatively few untoward
reachons More recently another penicilln salt, Benzathine
Peucillin G (N N'-dibenzylethylenediamime dipenicillin G
(Bicllin, Wyeth and Co } ) has been shown to give plasma
penicillin concentrations of greater duration than those
reported with any other form of repository penicilin.
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Benermd

In order to prevent rapid urinany excretion of penicillin
by the renal tubules varlous renal blocking agents have
been employed Thus far the most useful drug for this pur
pose is Probenceld (Benemid Sharp & Dohme Inc.) which
has been shown to be capable of producing a two- to four
fold enhancement of penicillin plasma concentrations This
agent Is readily absorbed from the gastrointestinal tract with
the development of effective concentrations of the drug
within two hours Repeated doses of 0.5 Gm every six hours
will maintain effective plasma concentrations of benemid
and the slow rate at which the drug is eliminated from
the body permits the administration of the drug at intervals
spaced as widely as every taclve hours It is proposed that
benem!d produces 1ts effect by reversibly inhubiting a system
of enzymes concerned with the conjugation of certain or
ganic acids with glveine and that this system of enzymes is
related to the renal excretory mechanism whereby penicillin
{s excreted. The oral effectivencss of the compound the
ability to administer it at widely spaced intervals its seem
ing nontoxeity and its ability to elevate by two- to four
fold the plasma concentrations of penicillin has made it of
real value as an adjunct to the therapy of resistant infections
amenable to intensive penicillin therapy In addition bene
mud offers considernble promise of increasing the usefulness
of ornl penicillin, When this compound is incorporated into
oral penicillin it is possible to produce sustained therapeutic
levels in the blood with a tablet containing 300 000 units of
penicillin and 075 Gm. of benemid talen every elght hours

Benmthine Penidllin G (DBED)

The development of Benzathine Penicilin G (N N!
dibenzylethylenediamine dipenicillin G (Bicillin Wyeth
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and Co and Permaden, Chas Pfizer and Co ) represents
an important advance in antibionic therapy in that it elim
inates oil, beeswax, and aluminum monostearate, which were
formerly necessary to obtain prolonged penicillin action
Following a single intramuscular injection of 1,200 000 units
therapeutic plasma penicillin levels were detected twenty
four days later Although the peak plasma concentration
with this penicilln salt is low it is adequate for many pneu
mococeal and streptococeal Infections as well as for syphilis
and gonorrhea. Furthermore, Benzathine Penicillin G being
an insoluble salt and hence tasteless, has been widely used
orally in an aqueous solution. At this time, its chief usefulness
has been its prophylactic properties especially against hemo-
Iytic streptococcus infection of the throat and in patients
suffering with chronic bronchopulmonary diseases to prevent
bacterial flare-ups In additlon, it is employed successfully
in the treatment of certain forms of syphilis

Penthemate

The concept of penicillm derlvatives having affinity for
certain Hssues or organs of the body is not new but not
until recently has there been a penicillin preparation pos
sessing this property to e degree that is therapeutically sig
nificant. In 1948 in a general search for a repository form
of penicillin salt, penthemate (the diethylaminoethyl ester
of penicillin G) was prepered as a hydriodide (Neo-penil,
Smith, Kline & French Laboratories) When the compound
was found to have the umque property of marked diffusibil
ity into the pulmonary and brain tissues of guinea pigs, it
naturally suggested obvious therapeutic advantages Fur
ther studies in cats and dogs confirmed the original obser
vations of higher penicillin concentrations in lungs and
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brains of guinca pigs following Neo-penil than thoso after
procaine penicillin G

Animal and human experiments have shown that Neo-
penil has a far greater affinity for the lungs than have the
other penicillin preparations  Since these unusually high tis-
sue concentrations occur in the absence of high blood levels
it is felt that the Hssue concentrations are due to the phar
macological property of the drug, mther than to a high
blood tissue diffusion gradient. Furthermore, it has been
shown that Neo-penil is a repository penicillin but to a
lesser degreo than fs procaine penieillin: The lower penicillin
plasma concentrations following Neo-penil are reflected in
smaller urinary recovertes (thirty-one per cent) as compared
to sixty two per cent for procaine penicillin  This smaller
urinary recovery following the intramuscular administrnton
of Neo-penil can be interpreted in various ways {1) The
elimination of the antfbiotic by excretory pathways other
than the urinary tract, or (2) destruction of the material
in the tissues of the body According to several groups of
investigators significant quantities of penicillin are excreted
in the saliva and bronchial secretions clearly demonstrating
that the drug is eliminated from the body by ways other
than the Kdneys The likelthood of significant quantities of
Neo-penil being sequestered in the tissues of the body and
being released slowly seems doubtful, since the urinary ex
cretion of penicillin approaches the limit of measurability
by the end of twenty four hours. It has also been demon
strated that Neo-penil produces penicfilin spinal fluld con
centrations about ten times greater than those produced by
equal doses of procaine peniciilin G or potassium penicillin
G in the same patents Furthermore in patients studied at
the time of delivery it was found that Neo-pendl furnishes
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higher penicillin concentrations to the fetus than procame
penicillin G

Clinical studies have mdicated that Neo-penil is superfor
to other penicillin preparations mn the management of some
types of chrome pulmonary ifections, such as bronchitis,
bronchiectasis and chronic pneumonitis Thess clinfeal
results were mostly evident m the relief of cough, the de
crease and change in the character of expectoration, and the
control of temperature Neo-perul has also been shown to
be equally as effective as procaine penicilin in the treat
ment of acute pulmonary diseases such as bacterial pneu
monias Thus far clinical materal dealing with the treat
ment of menmgesl infections is limited, but in several cases
of meningococeal meningitis results have been satisfactory
In addidon Neo-penil may prove therapeutically valuable
in syphilis and geonorrhea of pregnancy Prophylacteally it
may be Important fn the treatment of patients with pro-
longed rupture of the membranes There is reason to believe
that Neo-penil may have special usefulness in the treatment
of certam types of infections involving the lymph nodes
Despite these apparent advantages acceptability of Neo-
penil as a clinically valuable drug is diminishing becauss of
the acute anaphylactoid reactions attendant upon its use.

Oral Pemallin

A preference for the oral over the parenteral route of
administration for any medication is freely acknowledged
when the two routes have equal therepeutic effect. The
restricted supply of penicillin at the time it was first em
ployed makes it understandable that all the possibilities of
oral penicillin therapy were not explored. However the
almost unlimited supply of penicillin available within recent
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vears has encouraged investigntion of these possibilities and
it has been shown that if large enough doses are glven by
mouth, this route of penicillin administration produces ade

quate results. Not only is the oral route more convenient,
but also it is lcast apt to cause toxle reactions A variety of
salts of oral penicillin have been studied and none is supe

rior to potasstum penieillin G in height or duration of bleod
levels obtained. When peniclllin is ndministered orally the
dosage should be three to five times that by intramuscular
injection. However the oral route should not be used in
overwhelming infections {n localized suppurations in which
duffusion of penicillin §s poor or in the presence of nausca,
vomiting, or other gastrointestinal disturbances

Hypaallergic Pemcilling

There are several hypoallergic penicillin compounds now
availeble, allylmercaptomethyl penicillin { Cer-O-Cillin Up
john & Co ) and L-ephenamne penicillin (Compenamine
Commercial Solvents Co ) to which according to some in
vestigators the incidenco of sensitivity reactions is Jower than
with pemicillin G In en occasional case such as subacute bac
terial endocarditis it may be necessary to try one of the hypo-
allergic penicilline However in most circumstances it would
appear expedient to substitute another antbiotic or to em
ploy an antihistaminic drug or attempt to desensitize the indi
vidual to penicillin G

Topical Applications

In addition to the parenteral and oral preparations peni
cillin is available for local use In such forms as nose drops
dusting powder sublingual tablets troches and olntments
Penicillin is also available for acroso} therapy
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Toxicology

The chief untoward reactions to penicillin therapy fall
into three principal groups (1) Locel contact (skin, mucous
membranes, and wmjection site) (2) dermatologicsl allargy
(urticarial, erythematous and eczematold) (3) systemic
(serum sickness apaphylactoid, cardiovascular and renal)
In addition, there have occurred certmn specific phenomena
associated with some particular disease being treated with
penicillin, such as the Herxhotmer reaction in syphills and
the development of a Loeffler s syndrome following aerosol
penlcillin in the treatment of some types of pulmonpary dis
ease. Furthermore, evidence is pointing towards penicillin
as glving rise to a variety of disorders Including agranulo-
cytosis perlarteritis nodosa, the production of 1. E. cells
in the bone marrow and others

At the time that penic{llin was first made available for
general civilian use, it was pot known how many of the
described toxle reactions were due to tmpurities n the pepicil-
lin preparations or to the drug {tself. Probably the total inc!
dence of penicillin reactions was decreased because of the in
creased purity of the drug. However the total number of
reactions has increased steadily and today penicillin heads the
list of medictnal agents in frequency diversity and severity
of the sensitivities it produces No doubt this is a result of the
fact that the drug is used promiscuously and repeated admin-
istration of it to ever mcreasing mumbers of people has re-
sulted in their being conditioned to show varlous manifesta
tHons of hypersensitivity when exposed to subsequent penicil-
lin therapy Rarely does a patient experience a reaction aftes
the first dose of penicillln, whereas the resctons become
more frequent and more severe In individuals who have bad
repeated doses. Same of the reactions occurring after the
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first dose are believed to be related to cross reactions with
other fungi, particulardy trichophytosis (athlotes foot) The
more serfous reactions, such as anaphylactic shock occur
most often In patients with allergic histories especlally
asthma. Although any penicillin preparation and any mode
of administration can cause a reaction, it appears that ornl
penicillin is the least likely parenteral preparations next in
frequency and topleal penicillin the most likely to cause
reactions Reports of scute anaphylactoid reactions due to
penicillin are being reported with increasing frequency with
most of the severe cases following the intramuscular ad
ministration of procaine penicfllin or Neo-penil, with a
higher incidence after the latter drug  This may be due to
n greater amount of sensitizing substanco that is present
longer the possible synergistic effect when two substances
are injected simultaneously or as in tho case of Neo-penil,
one must consider the possibility of jodide sensitivity

Tn spite of the foregoing penicillin remains the least toxic
of the currently available antimicrobial agents. Its well
established therapeutic value and relatively lower cost com
bine to establish it as the most popular drug Hence, every
effort should be made to minimize the reactions following
its administration. A history of previous penicillin toxiclty
should, n most cases contraindicate the use of peniefllin
and manifest the desimbility of administering another anti
biotic, if possible However many patients can tolerate peni
cllin even after a previous allergic reection and in such
conditions as subacute bacterial endocarditis in which pent
cillin is strongly indicated, one may proceed with caution
When reactions do oceur and are not too severe, treatment
can usually be continued with the ald of antiallergic reme
dles Obviously the more serious reactions demand dis-
continuance of the drug  Such reactions as anaphylactold
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shock and exfoliative dermatitis demand prompt attention
and treatment with supportive measures epinephrine, anti
histaminics and intravenous ACTH The advisabihty of
routinely using & penicillin product in which an antihistaminic
agent is mcluded can be questioned, m that one 15 adding
another potentially toxic agent. However the concomitant use
of an antilistaminic is indicated in patients with allergic
historles especially asthma. Where possible, oral penicillin
should be used in preference to the parenteral route Intra
muscular injections must be given with cantion, as it has
been implied that some of the severe, or fatal, reactions are
the result of the accidental intravenous injection of procaine
penicillin, or Neo-penil. Topical application in the form of
troches toothpaste aerosol, olntments and dusting powders
is of doubtful value in most istances and should be dis-
couraged. Certainly penicilin therapy should be reserved
for infections which are amenable to its action and with
held in trivial {llnesses and conditions where its effective-
ness is not established. Furthermore, penicillin should not
be used prophylactically except when the complication to
be avoided is a serlous one and occurs frequently in the
absence of precautions

Some investigators rely on skin testing as a guide in de-
terminmng possible penicillin sensitivity but as yst there
seems no complete agreement as to the value and signif
icance of skin test results A possible exception Is the
significance of the immediate whealing reaction an cutane-
ous or Intracutaneous testing as regards the development of
an anaphylactoid reaction

Efforts to desensitize patients who have experienced peni
cillin reactions have been considered successful in the hands
of some experienced workers This procedure may be tried,
especially when the patlents occupation, eg., nursmng,
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necessitates exposure to the drug or in conditions where
penicillin is urgently needed  If tho sensitivity reaction has
been severe, an initial dose of two units of aqueous penicil
Iin G is gl en intramuscularly other cases are given 50 units
every three hours the first twenty four hours 100 units every
three hours the second forty-cight hours with the doso
being doubled cach twenty four hours until the patient can
tolerate 200 000 units.

Domage

Although a concentration of 003 units per cc. of plasma
or senum has been considered as a minimum effective thera
peutic level and is effective in many types of Infections one
may enjoy a false sense of sccurity in relying on this con
centration for the treatment of every typo of infection sus
ceptible to penicillin On the other hand when treating in
fections where the etiologic agent Is extremely scnsitive to
peniallin ¢ g pneumococci gonococcl and the treponemas
of syphilis, this concentration may actually be higher than is
needed. The clinfcal importance of penicillin plasma con
centration measurements has been called into question
indecd there are some who contend that they have no signif
icance There is evidence to indicate that Hssue concentra
tion of penicillin may actually be higher than that existing
in the circulating blood and that significant amounts of pent
cillin are excreted in the urine long after the amounts in the
blood have fallen below a detectable level. Such observa
tions do not neceswarily vitiate the practical value of plasma
concentration determinations o long as It is remembered
that the amounts of penicillin measured in the plasma are
anly an indirect, rough gauge of the amount of penieillin
being delivered at the actunl focus of infection The fact
seems to be that many infections are 3o susceptible to peni
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cillin therapy that quite frequently little attention need be
pald to the penicillin plasma concentrations because any of
the usual dosage schedules will effectively control the infec-
Hon. Only tn the treatment of more resistant infections can
the significance of penicillin plasma concentrations be more
clearly interpreted in terms of its relationship to therapeutic
effect.

The effectiveness of plasma concentrations of penicillin
following any given dose, is dependent largely upon the
speciflc susceptibility of the organism being attacked. The
type of activity resulting from a given concentration might
fall into one of several kinds the activity may be bacteri
cidal, actusally destroying the organisms bacteriostatic, pre-
venting increase in numbers of the organisms or both.
Maintenance of bacterlostasis for e prolonged iterval of
time ultimately results in destructon of the bacteria by
senescence or starvation. The duration of penicillin action
which produces bactencidal, or bacterostatic, or both ef
fects simultaneously might well be designated as the “total
penicillin effect ime™ upon the organism under treztment.
In this connection, it would seem that the best way to
achieve and maintain optimally bactericidal concentrations
for an appreciable length of time would be to administer
penicillin by continuous Infusion, thereby compensating for
the raptdity of its renal excretlon It is to be remembered,
however that for penicillin to be bectericidal, not only must
the drug concentration be optimal, but also the snsceptible
organisms are required to be in a state of active multiplica
tion Continuous maintenance of the lethal concentration
may suffice only to check the organisms undergoing active
fission, but fail to Kl those organisms which are present in
a physiologically inactive phase. These so-called resting
organisms or persisters may become vulnerable to the ac-
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tion of penicillin only if they are permitted to resumo multi
plicatfon. It is also of interest that therapy of an intensity
which yiclds a continuous bacteriostatic effect s attended
by antibody formation which is diminished in comparison
with that associated with intermittent thernpy In the latter
case opportunity is afforded for some multiplication of the
surviving bacterial population From the foregoing it Is
natural to inquire whether it is more desirablo to achieve
bactericidal levels of penicillin Intermittently or continu
ally to maintain concentrations that approdmato the bac-
tericidal range At this time clinfenl reports tndicato that
in most serious infcctions ft is best to employ Intermittent
therapy rather than continuous infusion. However cxcel
lent results have been obtained with the latter route To-
day the confusion concerning penicillin administration is
in considerable measure attributable to the variety of prepa
ratfons available. The relative advantages of the most
commoanly employed dosage forms may be summarized
as follows

L. Crystallino benzyl peniclllin in aqueous solution administered mtra
muscularly 100 000 units.
Peak plasma concentration 1.0-3.0 units,
Time after administration: Fiftsen to thirty minutes.
Tetal doration of therapeutic plasma concentration: Thres hours.
Recommended interval for Infections (depending on type and sever
ity of infection); Thres to twelve hours.
Advantages; Lowest cost per dose most rapld action, maximum
pesk concentration with consequent greatest diffusion into serlous
Puvidn-ndnm,l?oﬂmdm-nﬁonoﬂm}qm
fnd ges: Necessity for fr (two to three in
tons, Inconventent at home datly) injec-
2. Procaing pendclllin with sodium carboxymethid-celluloss prepared
for aqueous ruspension 800 000 units administersd Intramus-

Peak plasma concentration: 1.0 units.
Time after administration Two hours.
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N

Toltl:al duration of therpeutic plasma concentration Twenty four

ours.

Recommended frequency of doses (depending on type and severity
of infection) Twelve to twenty four hours.

Advantages Requires only o single daily injection for most infeo-
tons. Mest economical preparation for routine hospital use.

Disadvantages High plasma concentrations are not obtained even
with frequently repented doses

Procains penicillin with alumt tn oll, In
cular administration 300 000 units

Peak plaxma concentration 0 5 undt.

Time efter administration One hour

Total duration of therapeutic plasma concentration Forty-aight
hours {in most instances ninety-six hours)

Recommended frequency of doses (depending upan the type and
sovertty of the Infection) Forty-eight hours.

Advantages Most convenient preparation for home admintstration.

Disadvantages Toxic and allerglc reactions to peniciilin, procaine
or ofl, although rare are of extended duration.

Neo-pendl in aqusous suspension (hyddodids of dtct]xylamlnodhyf
ester of penicillin G) 500 000 units administered In

Peak plasma concentration 10 unit.

Time after administration Two hours.

Total duration of therspeatio plasma concentration Twenty four
hours.

Recommended frequency of doses (depending upon type and
soverity of fnfection) Twelve to twenty four hours.

Advantages Requires anly a single daily injection for most cases.

recammended for chronic lung conditions.

Disadventages High plausma levels are not obtained sven with
frequently repeated doses. Higher fncidence of anaphylectold
reactions,

Benzathine Peniclllin G (N Ni-dibenzplethylensdiamine dipen!
cillin G) intrarmuscular administration, 600 000 units.

Peal plasma concentration 0.20 units.

Time sfter administration Three hours.

Total duration of therapeutic blood concentration Ten days
Twenty four days (1,200 000 units)

Recommended frequency of dases Ten to twenty four days.
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Advantages Tequires only a single monthly injection for prophy
hactic usage.
Disadvantages Possible prolonged toxieity
8. Penicillin buffered oral tablets 200 000 umits,
Peak plasma concentration 0 4 unfts.
Time after ad ration Thirty mi

Total duration of therapeutic plasma concentration Three hours.

Recommended frequency of doses (depending on type and severity

of infection) Three to six bours,

Advantages Ense of administration especially at home

Disadvantages Greater cost,

Certainly the charactenstes of the varlous preparations
provide adventages for specific purposes The use of pro-
caine penicillin in aqueous solution once daily is less ex
pensive than aqueous crystalline penicillin given at three
to four hour intervals and is adequate for most infections.
When treating such: infections as meningitis or endocarditis
however the low level concentrations afforded by depot or
oral penicillins will not provide sufficient diffusion and fre-
quent intramuscular admimstration of aqueous crystalline
penicillin is indicated. Prophylactically the advantage of
benzathine peniallin G which provides effective levels for
two to three weeks is of definite value

STREPTOMYCIN AND DIHYDROSTREPTOMYCIN

Streptomycin and dihydrostreptomycin remain uniquely
valuable for the treatment of tuberculosis and should, for
the most part, be reserved for this purpose Certainly the
development of the wide spectrum antibfotics has to a sig
nificant degree diminished the importance of these two
therapeutic agents in other infections.

Mode of Action and Therapeuuc Limitations

Streptomyein and dihydrostreptomycin organic bases are
essentially bacterjostatic for growlng cells but under ap-
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Tolt;al duration of therapeutic plasma concentration Twenty four

ours.

Recommended frequency of doses (depending on type and severity
of infectton) Twelve to twenty four houre.

Adventeges Requires only a single dafly fnjecton far most infec
tlons. Most economical preparation for routine hospital use.

Disadvantages High plasma concentrations are not obtained even
with frequently repeated doses

Procaine penicillin with aluminum monoetesrats in oil, intramms-
cular administration 300 000 umits,

Peak plasma concentration 0.5 unit.

Time after administration One hour

Total duration of therapeutic plasma concentration Forty-eight
hours (in most instances ninety-tix hours)

Recommended frequency of doses (depending upen the type and
soverity of the infection) Forty-sight hours.

Advantages Most convenfent preparation for home administration.

Disadvantages Taxe and allergio reactions to penicillin, procaine
or ofl, although rare, are of extended duration.

Neo-penil in aqueous suspension (hydriodide of disthydaminoethyl
exter of penicillin G) 500 000 units administered intramuscularly

Peak plasma concentration 1 0 wmit.

Time after administration Two hours.

Total duration of therapeutic plasma concentration: Twenty four
hours.

Recommended frequency of doses (dspending upen type and
soverity of infectlon) Tiwelve to twenty-four bours.

Advantages Requires only a xingle daily injection for most oeses.
Especially recommended for chronic lung conditfons

Disadvantages High plagma lovels are not obtained even with
frequently repeated doses. Higher incldence of anaphylactald
reactions.

Benzathine Penlcillin G (N N-dibenzylsthylensdiamine dipeni-
cillin G) intramuscolar admindstration, 600 000 units,

Peal plasma concentration 0 20 unite

Timo after administration Three hours.

Totel duration of therapeutic blood concentration Ten dayx
Twenty four days (1,200 000 units)

Recommended frequency of doses Ten to twenty four days.
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Advantages Requlres only a stngle monthly infection for prophy-
lactic usage.
Disadvantages: Possible prolonged toxdelty

6. Icnicllin buffered, oral tablets 200 000 units.

Peak plasma concentration: 0 4 units

Timo after administration Thirty mt

Total duration of thernpeutic plasma concentration Threo hours.

Recommended frequency of doses (depending on type and severity

of fafection) Threo to six hours.

Advantages Easc of administration cspectally at home

Dhsadvantages Greater cost.

Certainly the characteristics of the various preparations
provide advantages for specific purposes Tho uso of pro-
caine penicillin in aqueous solution onco daily is less ex
pensive than aqueous crystalline penicillin given at three
to four hour intervals and is adequate for most infections
When treating such infections as meningitis or endocarditis
however the Iow level concentrations afforded by depot or
oral peniaillins will not provide sufficient diffusion and fre-
quent Intramuscular administration of aqueous crystallme
penicillin is indicated. Prophylactically the advantage of
benzathine penicilin G which provides effective levels for
two to three weeks is of definite value

STREPTOMYCIN AND DIHYDROSTREPTOMYCIN

Streptomycin and dihydrostreptomycin remain uniquely
valuable for the treatment of tuberculosis and should for
the most part, bo reserved for this purpose. Certainly the
development of the wide spectrum antibiotics has to a sig
nificant degree, dimmished the importance of theso two
therapeutic agents in other {nfections

Mode of Action and Therapeutic Limitations

Stroptomyein and dihydrostreptomyein organic bases are
essentially bacterostatic for growing cells but under ap-
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propriate conditions may also be bactericidal Their effec-
tiveness {s Increased in alkaline media. Like penicillin,
these agents are most effective agamst multiplying bacteria,
but, unlike penicillin, they may have some actlvity against
resting cells. The mechanism by which these drugs producs
their antibacterial effects 18 postulated to be an interference
with the oxaloacetate-pyruvate condensation mechanism. A
distinct disadvantage to the use of streptomycln and dthy

drostreptomycin is the frequency and rapidity with which
susceptible bacteria develop resistance to these agents,
While resistance to penicillin develops gradually after many
exposures, resistance to streptomycin and dihydrostrepto-
mycin may range from slight to almost absolute following
a single exposure. These drugx are effective as adjuncts in
the treatment of tuberculosis and are of definite value in the
treatment of urinary tract infections, bacteremia, wound in

fections due to gram negative organisms and tularemia

Pharmacology

‘When administered by mouth, streptomycin and dihydro-
streptomycin are not absorbed from the gastrofntestinal
tract and little or no drug is found in the blood. However
they are not destroyed in the gastrointestinal tract and
hence exert activity on the intestinal flora. When given
intramuscularly or subcutaneously therapeutic hlood con-
centrations of the two substances are rapidly obtained. Fol
lowing an 0.5 Gm. dose parenterally hlood concentrations,
the effectiveness of which will depend on the nature of the
{nfection, will be established and maintained for approxi
mately six to twelve hours About ffty per cent of the ad
ministered dose 13 recovered in the urine within twenty-four
hours. The drugs penetrate the peritoneal cavity following
parenters] administration, but do not reach empyema cav
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itics or spinal fluid except in the presence of inflamed men
inges in therapeutic amounts They are concentrated and
excreted fn the bile.

Toxicology

In general, the scverity of toxicity from both streptomy
cin and dihydrostreptomycin is dependent upon the dura
ton of therapy and total dose employed, the principal toxic
effect being damage to the 8th nenc and vestibular ap-
paratus  While this is particularly true of streptomycin
there scems to be a lester tendency of dihydrostreptomycin
to affect the vestibular apparatus Ilowever damage to the
nuditory branch of the 8th nerve with consequent hearing
loss may occur following dihydrostreptomycin  Since pa
tients arc able to compensate for damage to the vestibular
but not audlitory branch, it is obvious that dihydrostrepto-
mycin {5 less desirable than is streptomycin  especially for
long term therapy such as s necessary in tuberculosis. Oc
casionally dihydrostreptomyeln s uscful in patients who
are allergic to streptomycin as sometimes allergies do not
develop In patients recelving this drug whereas were they
recelving streptomyein allergies would develop The recent
practice of employing mixstures of streptomycin and dihy
drostreptomyein has markedly reduced the toxic effect fre-
quently associated with the individual drugs Either of
thess compounds may give rise to a varlety of less severe
reactions, including the sensitivity rcactions encountered
with penicillin.

Methods of Administration

Both streptomycin and dihydrostreptomycin are given in
tramuscularly orally or locally When administered sys-
temically for infections other than tuberculosis the average
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daily dose is 1 to 2 Gm with the total dosage depending
on the severity of the infection and the sensitivity of the
infecting organism. Larger doses 4 to 8 Gm are employed
for oral administration. When used mtrathecally 20 mg. of
dihydrostreptomycin  dissolved in 10 cc. of isotonic salt
solution is employed, the daily dose not exceeding 50 to
75 mg. Solutions containing 0.5 mg per cc may be used
in the treatment of eye and wound infections

THE TETRACYCLINES

CHLORTETRACYCLINE, OXYTETRACYCLINE, TETRACYCLINE

From the beginning of their clinical nse aureomyctn and
terramycin have had much in common, being thempeut-
cally effective in many of the same diseases in the same
doses having similar toxic reactions and inducing the
emergence of resistant organisms especially the staphylo-
coccl, The close relationship between these two drugs be-
came more apparent with the apnouncement in 1832 of
their molecular structures the only difference being that
aureomycin has an organic chlorme atom and terramycin
a hydroxyl group attached to the tetracycline structure.
Thus the chemical descriptive terms, chlortetracycline
(Aureomycin, Lederle Labortorles) and oxytetracycline
(Terramycin, Chas Pfizer & Co., Inc.) were designated in
1953 for the two drugs respectively In search of better
antimicrobial agents, chlortetracycline and oxytetracycline
have been divested chemlcally of their differentisting con
sttuent groups and 2 new antibiotic agemt, tetracycline
(Achromyecin, Lederle Laboratortes Tetracyn, Chas Pfizer
& Co Inc. Polycycline Bristol Laboratories and Steclin, E.
R. Squibb & Sons) was developed It has also been reported
that tetracycline has been obtained by direct fermentation
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with the use of an organism onginally isolated from a sample
of soil from Texas

Mode of Action and Therapeutic Limitations

Chlortetracyclme, oxytetracycline and tetracycline are
either hacteriostatic or bactericidal in oftre depending
upon cancentration Little is known regarding the exact
mechanisms whereby they produce their effects The antl
blotes arc cffective against some of the larger viruses
rickettsine both gram negative and gram positive bacterla
including penicillin resistant, streptomyein resistant, and
streptomycin-dependent organisms  Used in combinntion
with other antiblotics, they are of velue in the treatment of
certain infections In oitro studies have shown that many
organisms developing resistance to one of these agents,
simultaneously become refructory to tho activity of the others
which is probably explicable on the basis of close similarity
in their chemical structure. However this cross resistance
pattern is not an sbsolute one. Oddly enough, bacteria
which develop this cross resistance may often show an i
creased susceptibility to streptomyrcin

Pharmacology

Chlortetracycline oxytetracycline, and tetracycline are
rapidly absorbed from the gastrointestinal tract within two
to four hours and effective therapeatic concentrations are
maintained for relatively long perfods of time (six to eight
hours) following a moderate dose (0.5 Gm ) Relatively
large amounts are recovered from the urine within twelve
to eighteen hours. Although these agents are found in the
peritoneal fluid spinal fluld, and bile there seems to be o
Iack of agreement as to the actual concentrations obtained.
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Toxcology

Chlortetracycline oxytetracycline, and tetracycline fre-
quently give rise to gastrointestinal and genitourinary dis-
orders (nausea, vomiting, diarrhes, stomatitls, vaginitls, and
proctiis) While these arc not usually serfous they do
cause considerable inconvenience and at times become
quite severe In our experience to date tetracycline ap-
pears to be least offensive in this manper It Is felt that
these untoward reactons are due at least in part, to altera
tion i bacterial flora leading to a vitamin B deficdency
There is evidence to support the view that chlortetracycline
stimulates the growth of some types of fungi, notably
Candida albicans and that these two factors combine to
produce a moniliasis When these drugs are used for periods
exceeding seven days the patient should receive buttermilk,
vitamin B complex, and Bis orally if toxicity develops the
drugs should be discontinued, if possible and injections of
crude liver or Bia glven daily The use of rectal supposl
tories contamning sodwm lauryl sulfate is at times
beneficial.

Methods of Administration and Dosages

For the most part, the dosages of chlartetracycline, oxy
tetracycline and tetracycline are stmilar When given by
mouth, the usual initial dose of 0.5 to 1 Gm. is followed by
0.25 to 0.5 Gm. every four to six hours depending on the
severity of the infection and the response of the patlent.
Parenteral preparations of these drugs are available and are
useful in special conditions. In addition, they are avallable
in the forms of ointments troches, powders, and solutions
for local use. Unlike penicillin and streptomycin, which
may be bacteriostatic or bacteriddal in concentrations at
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tainable tn the tissucs, chlortetracycline, oxytetracycline
and tetracyclino are only bacteriostatic under similar cond!
tions As a consequence, it is necessary to administer these
agents for a greater number of days after dcfervescenco than
is the case with penicillin and streptomycin.

CHLORAMPHENICOL

Chloramphenicol (Chloromyectin, Parke-Davis Co ) has
almost the same range of activity as the tetracyeline group
as well os the same toxde reactions, although a few individ
ual differences in behavior and toxcity do exist. Best known
is the strikingly greater effectiveness of chloramphenicol in
tvphoid fever s well as its possible toxic effect upon the
hemopoietic system Despite this potental toxicity chloram
phenicol rematins o valuable drug for many other infections
which fall to respond to other forms of therapy Furthermore,
some organisms developmng resistance to the tetracycline
group simultaneously become refractory to chloramphenicol.
In genernl, the dosage and routes of administration are the
same with chloramphenicol as with the tetracyclines although
the total daily dose is often larger (1 to 4 Gm )

ERYTHROMYCIN

Erythromycin (Ilotycin Eli Lilly Co Erythrocin Abbott
Laboratories) has been shown to possess bacterlostatio ac-
tivity chiefly against the gram positive organisms One of
the chief advantages of this preparation fs its effectiveness
against penicillin resistant staphylococel and streptococct.
At the tims this agent first became available in vitro testing
in the authors laboratorles as well as {n others rarely re-
vealed any organism of these types to be resistant to attain
able serum concentrations of this drug However in oitro
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studies have demonstrated that such cocel can be “trained
to become resistant by culturing in increasing concentra
Hons of the drug. Further with increasing clinical usage,
the incidence of erythromycin resistant staphylococe! oc-
curring in patients appears to be increasing Erythromyein
has shown in oitro activity agatnst the Nelsserla, Hemophi
tus, and Brucella organisms as well as an antituberculosis
effect. Rickettsine Spirochetes and Endomoeba histolytica
also appear to be affected adversely When administered
by mouth, a significant portion of the activity is destroyed
by the gastric acidity a condition which bas been remedied
by preparation of especially coated tzblets With these, it
has been possible to demonstrate fairly good absorption
from the intestmal tract. Detectable concentrations have
been found in the blood, urine, feces, and cerebrospinal
fluid of the experimental dog after oral administration. It
has been detected in the serum, cerebrospinal fluid, pleural
fluld, and bile after oral administration in man Dosages of
100 to 200 mg every four to six hours by mouth have been
recommended although doses up to 1 Gm. have been toler
ated. Intravenous dosage is 250 mg every six to eight hours

It appears to be of relatively Jow taxicity and the only
undesirable effect noted 1n many patients treated with this
drug has been an occasional gastrointestinal upset with high
dosage. It does not appear to have an adverse effect on the
ecology of the gastrointestinal flora, hence, some of the
symptoms of the antiblogenic syndrome are thus avoided.

CARBOMYCIN

The actvity of carbomyein (Magnamycm, Chas. Pfizer &
Co Inc.) 1s directed against the gram posihve orgenisms
the Nelsserla, the Hemophilus group rickettsize, large
viruses and certain protozos. It appears to be effective in
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vitro against some of the staphylococel resistant to penicil
Iin, thus providing another weapon against the rising prob-
lem of resistant organisms. In general, however magna
myem has yiclded disappointing clinical results and cannot
at this timo be recommended as a useful antibiotic for
general use. This may be partially explained by the fact that
carbomvein #s composed of carbomyein A (ninety per cent)
and carbomyeln B (ten per cent) and, according to studies in
our laboratory the A fraction does not diffuse readily into
body tissues and fluids whereas the B fraction does Tests
are under way evaluate the clinical cffectivencss of the Intter
but it is too carly to assess its therapeutic value.

Magnamycin substance can be administered orally in
travenously or intramuscularly although the latter route
has been reported to cause some discomfort. Experimental
studies suggest that following absorption the drug is widely
distributed, but that rapidly disappeanng serum concentra-
tions may be evidence of deposition in such organs as the
spleen liver kidney heart, and lung. The recommended
dosage of 20 Gm. per day in four to six divided doses has
infrequently been accompanied with mild gastrointestinal
upsets No other evidence suggesting toxicity has been
described.

POLYMYXIN

Although polymyxin B sulfate (Aerosporin, Burroughs
Wellecome & Co Inc) is an agent of moderate toxcity
(renal and central nervous system) its unique effectiveness
in infections due to Pscudomonas acruginosa has justified
its introduction into clinical practice Polymyxin B is one of
five chemically distinct, but related agents all of which are
basic polypeptides possessing o unique activity against
gram negative bacilli It is generally felt that this drug fs
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rapidly bactericidal against multiplying cells, although there
Is some difference of opinion regarding its behavior toward
resting cells Observations of emergence of resistance to
polymyxin are unusually rare This antibiotic should be em
ployed parenterally only in hospitalized patients since care-
ful observation for renal damage is essential to its safe use.
Its intramuscular use (2.5 mg per kg body weight in diluted
doses every four to eight hours not to exceed 200 mg. daily)
is justified for the serlous and increasngly frequent in

stances of pyelonephnts, septcemis, or meningitis due to
pseudomonas. The dosage for intrathecal use is 5 mg. per
day for three days or less then an equal amount on alternate
days Infections with some strains of pseudomonas may be
susceptible to streptomycin or one of the wide-spectrum
antbiotes if the infecton fails to respond to these agents

a trial of polymyxin B appears justified. Oral or topical
preparations of this agent, alone or in combinaton with
other antibiotes ere undoubtedly valuable for the treat

ment of gastrointestinal disease in which the infection is
confined to the intestines and for ulcers decubiti, and sim

ilar lesions caused by gram negative bacilll which are ac-
cessible for local applicaton Furthermore polymyxin B
{s employed prophylactically in intestinal surgery

BACITRACIN

Smce the parenteral administration of bacitracin is often
followed by kidney damage and, only a small amount is
absorbed when given by mouth, this drug finds its chief
usefulness as a topical or oral medicament. For the most
part, it exerts Its greatest activity against the gram positive
organisms as it has little or no actvity agninst the gram-
negative types with the exception of meningococel, gono-
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cocci, and Hemophilus influen.ac The oral dosage is
10000 to 100000 units daily in divided amounts When
admunistered locally in the form of ointment or solution
500 umits per gram or ce. arc used. For intramuscular ad
ministration  dissolve the contents of each vial (50000
units) in 5 cc. of water Dosages should be limited to
10 000 units cvery six to cight hours but may be increased
two-fold if the situation is critical. Since tho incldence of
toxic reactions increases significantly at high dosage levels
the total dadly dosc should not exceed 100000 units For
intrathecal adminstration concentrations of 1000 units/cc
arc satisfactory The drug is especially useful for the treat
ment of postoperative wound infections due to penicillin
resistant staphy locoecl

NEOMICIN

Neomycin displays activity egainst gram positive acid
fast, and gram ncgative bacteria  \When administered sys-
temically this drug may ceuse slight to scvere deafness as
well as transient renal jmtation. Since nesmyein is not
absorbed into the eirculating blood stream from the gastro-
intestinal tract or skin it has found its chief usefulness in
preoperative preparation for intestinal surgery and as a
topleal medicament for pyogenic skin {nfections Neomyein,
orally 1 Gm every 4 hours is the usual dosage Olntments
contalning 5 mg of ncomycin per Gm of petrolatum lan
olin base or wet compresses with 8 to 5 mg of neomycin
per 3 mL aro effective in many types of skin lesions Neo-
myein may be admimstered {ntramuscularly 1 Gm every
six to eight hours for short periods of time, especially in

Proteus and Pseudomonas infections involving the urinary
tract.,
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PARA AMINOSALICYLIC ACID

Para aminosalicylic acid has been shown to possess weak
but defimte tuberculostatic activity and is effectively em-
ployed concomitantly with streptomyeln to retard the devel
opment of resistance to streptomycin. While the tuberculo-
static activity of PAS has been shown to be prevented by
para-aminobenzoic acid, it is as yet unknown what role if
any this mechanism exerts in development of resistance
Except for nausea anorexis, and diarrhea, there have been
few untoward reactions accompanying its use. PAS is usu
ally given by mouth, 10 to 12 Gm. daily It may also be
given Intravenously in which case the sodium salt is pre-
ferred because of its solubility More recently a combina
tion of this agent with polyvinyl pyrriidone has been re-
ported as producing higher concentrations of PAS which
are mamntamed for longer intervals of time than an equiv
alent dosage of PAS in aqueous solution.

ISONIAZID

The hydrazide of isonicotinic acid had been synthesized
by Austrian chemusts more than thirty years ago but had
not been studied from the standpoint of antimicrobial ac
tivity Several groups of Investigators in this country and
Europe, had undertaken a search for thiosemicarbazones
that were les toxic than tiblione Remarkably three dif
ferent laboratories independently and almost simultaneously
observed that isonicotinic acid hydrazide had a very high
degree of antituberculous actvity both in oltro and in ex
perimentally infected antmals.

Dramatically and prematurely announcement was made
through the press in 1852 of & new chemotherapeutic agent
effective in tuberculosts The original description of as
tonishing weight gan, disappearance of toxemia, and fail
urs of development of drug resistance appeared to herald
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a radical change in the treatment of tuberculosis. Subse-
quent experienco with fsonicotinic acid hydrazide now
designated isonfazid required considerable modification of
tho original claims It was shown that tubercle bacillf be-
camo resistant to the drug within a few weeks and clinical
improvement was not long maintained \When combined
therapy with isoniazid and streptomycin was employed,
however the emergence of drug resistant strains was re-
tarded and a prolonged cffect of the isonfazid could be
demonstrated It now appears that {soniazid should never
be used alone in the treatment of tuberculosis, but that in
combination with streptomyein it may prove to be the most
cffective regimen of chemotherapy yct developed for treat
ment of pulmonary and extmpulmonary tuberculosts  From
a practical standpoint, isoniazid has two advantages over
PAS in that oral dosage is smaller and more castly tolerated
and the cost on a daily dosage basis is less  Attention is
now being concentrated on the question of whether PAS
should be used in conjunction with the other two drugs

Controlled clinical studies have been reported which indi
cate the value of isoninzid in pulmonary tuberculosis as
well as in a wide varicty of forms of extrapulmonary tuber
culosis Application of isonfazid to the treatment of miltary
and meningeal tuberculosis has given encouraging results,
which may eventunlly prove superior to those obtained by
uso of streptomyein and PAS

The administration of {sonlazid may be followed by a
variety of untoward reactions the severity of which de
pends on the dosage length of administration, renal func-
tion and personality stabllity Such symptoms as increased
reflexes  headache muscular twitchings peripheral neu
ropathy euphorie, excitability constipation vertigo dry
ness of mouth and visual difficulties are the principal toxic
side-effects encountered. Cessation or decrease, In therapy
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is dependent on the type and severity of the reaction. Re-
cently the use of pyridoxine hydrochloride has been shown
to be effective in relieving pam In cases with peripheral
neuropathy

NITROFURANTOIN

The antimicrobial activity of the nitrofurans has been
known since 1944 and furacin has been used widely as a
toplcal antibacterial agent. More recently nitrofurantoin
(Furadantin Eaton Laboratories) has been shown to have
properties valusble in the treatment of urfnary tract infec
tons Although it is contended that forty five per cent of
an orally administered dose is excreted in the urine, blood
levels are extremely low and the high solubility makes
crystalluria infrequent. The entbacterial spectrum of nitro-
furantoin in vitro includes both gram positive and gram-
negative organisms. It is bacterlostatic and may be bacteri
cidal to most strans of staphylococcl, E coli, Streptococcus
pyogenes and A. asrogenss it s less effective against Pro-
teus and ineffective against Pseudomonas aeruginosa. Resist
ance to nitrofurantoin did not develop readily in oitro This
drug has been well tolerated when grven orally in datly dos-
age of 5 to 8 mg per hg. of body weight, in four divided
doses with meals and with a bedtime snack. Larger doses
result in nanses and vomiting. The drug is tolerated without
reaction even m patients known to be sensitive to the related
compound, Furacin. Clinical studies have demonstrated
rapid chmeal response of cases of cystitis prostatitls, and
pyelonephritis, including infections due to organisms re-
sistant to the usuelly employed antibiotics and sulfone
mides. Medication should be continued for at least three
days efter a sterile urine is achieved.

“Among ths lower beings even more than among the higher enimals
and plant species, life destroys "fOI:

Pastevn axp ] Jounxnr (1877)
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Antimecrobal Combimations and Adjpvants

COMBINED ANTIMICROBIAL THERAPY

In this antibiotic age one finds the hactenl world revolt
fng against Mans attack on its population Fortunately for
Man the microorganisms which are responsible for mast
acute infections (the pneumococcus, meningococcus gono-
coccus, many strmns of streptococcus and the spirochete
of syphilis) have as yet not developed any cffective defense
mechanism against the antibiotic agents On the other
hand, there is an increasing number of microorganisms the
staphylococcus in particular which possess or can dovelop
tho means of resisting these ngents  The discovery of o way
to halt this trend of inercasing antibiotic resistanco in bac
tera, as well as the successful management of the naturally
resistant organisms to these agents represents a real chal
lengo In this field. The introduction of newer antibiotics with
wider ranges of antimicrobial activity and the ability to in
terfere with the adaptive processes of microorganisms so as
to preclude tho devclopment of drug resistance offer the
best hope of solving this problem However until this is
realized, we should not overlook the possible utility of the
now available antibiotics especially when they are admin
istered in varlous combinations

In view of our lack of understanding of the fundamental
mechanism of antblotic activity it must bo presumed that
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these various antiblotles act through different mechanisms
so that a combination of agents might well be expected to
exert g more complete actian against certain microorganisms
than a single agent.

Not infrequently the practicing physician is confronted
with the problem of having at his disposal a number of
clinfcally useful agents each of which alone is incapable of
producing the desired effect in a given case. The tempta
tion to use a combination of antibiotics in such instances
represents a practical everyday problem. What rehable in
format{on is available which will assist the practicing physi
cfan in selecting the antibiotics to be used tn combination
under appropriate indications?

In order to give an answer to this query there has been
within recent years a considerable number of studies done
dealing with antibioic combinatons Obvicusly the most
deslrable affect to be gained in polyantiblotic therapy is that
of synergism, which effect is greater than that to be ex
pected from a simple summation of the mdependent actons
of the several antiblotics employed. Conversely one of the
serfous undesirable results of polyantibiotic therapy may be
antagonism where the net result may be not only less than
the simple additive effect to be expected if the several drugs
were 1o act independently but it may be less than would
result from the effect of either drug used alone Jawetz and
Ms colleagues at the University of California Medical
School have reported both #n oitro and animal experiments
which indicate an antagonism between penicillin and the
wide spectrum antfblotics. Thess workers demonstrated {n
oitro that the bactericidal rate of penicillin was retarded by
the addition of either chloramphenicol, chlortetracycline or
oxytetracycline The observed interference was charucter
ized as being unilateral, occurring maximally when the bac-
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tericidal activity of pemcillin was greatest and the concen
tration of the antagomzing agent was bacterlostatic, and
yet, the combination was capable of a progressive bacterd
cidal action which ultimateh stenlized the culture. Subse
quent in civo experiments utiliznng mice Infected with
Group A streptococef revealed a higher mortality rate in
anfmals receiving both peniaillin subcutancously and chlor

amphenicol intraperitoneally than in those receiving pent

ofllin slone. Other workers have been unable to confirm the
above observations and In some instances even reported a
synergistic effect with the samo combinations reported by
Jawelz as being antagonistic Furthermore clinfeal sub-
stantiation of antibiotic antagonism has not been forthcom

ing, except for a single report in which a higher mortality
was observed in pneumococcic meningitis treated with oxy

tetracycline and penicillin than when penicillin was used
glone In this instance one questions the rationale of em

ploying polynntibiotic therapy in that the pneumococcus 1s
known to be Mghly susceptible to penicillin alone Turther

more it has been shown that in such highly susceptiblo
organisms synergistic nctivity can be rarcly demonstrated

Whereas antibiotic antagonism is conceded at present to
have little {f any clinfcal importance there is not only labo-
ratory but also clinical evidence that polyantibiotic therapy
may result in definite synergistic cffect aguinst certain bac-
terla (such as pentcillin and streptomyein in enterococcal
Infections streptomycin and elther chloramphenicol oxy

tetracycline, or chlortetracycline in brucellosis penicillin
ond bacitracin in staphylococeal infections and para amino-
salicylic and dihydrostreptomyein In tuberculosis)  Such
combinations not only offer increased antibacterial offect,
but also may delay the appearance of drug resistant or

Brnisms in certain instances
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Recently Eisenberg and his associates at the Philadel
phia General Hospital (Blockley Division) have reported
on the synergistic action of polyantibiotic therapy on a
variety of bacterle, both in the lsboratory and f clmical
practice. In oftro studies employing the various antibioties
(pemcillin, streptomyein, chloramphenicol, oxytetracycline
and chlortetracycline) singly and in twenty-six different
combinetions against strains of Staphylococcus gureus and
Klebsiella pneumoniae type A indicated that combinations
of chloramphemeol, oxytetracycline and penicillin and
chloramphenicol, oxytetracycline and chlortetracycline
showed both bacteriostatic and bactericidal synergism
against these organisms respectively Further evaluation of
these two combinations agamst individual composite cul
tures of Staphylococcus aureus Streptococet (viridans pyo-
genes enterococcus) Coliforms S typhosa Klebslella pneu-
monlae types A and B Ps aeruginosa, and Proteus sp., total
ling 258 individual stramns indicated that the combination
of chloremphenicol, oxytetracychne and chlortetracycline
(COC) was superlor to the chloramphenicol, oxytetracy
cline penicillin combination, as well as to the same agents
used singly

As additional corroboration for the above findmgs these
same workers surveyed the antibiotic susceptibility of 2173
{ndividual bacteria, in order to compare the incidence of
susceptibility to the chloramphenicol-oxytetracycline-chlor
tetracyclme combination with that of its individual con
stituents  Of the 1093 gram positive bactena studied, it was
found that ninety five per cent were susceptible to COG, as
compared to eighty-eight, eighty-six, and eighty three per
cent for chloramphenicol, chlortetracycline and oxytetra
cyclme respectively Considering the 843 strains showing
a hugh incidence of penicillin resistance, ninety four per cent
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were found to be sensitive to COC cighty five per cent to
chloramphenicol and cighty per cent to cither chlortetra
cvchine or oxytetracychine. Of the 1080 gram negative bac
teria studied, seventy per cent were susceptible to COC,
sixty-one per cent to chloramphenicol, forty six per cent to
streptomycin, thirty-cight per cent to oxytetracycline and
tnenty seven per cent to chlortetracycline. Of tho 2173
bactena studied, cighty three per cent wero susceptible to
COC as compared to seventy five, sixty-one and fifty-six
per cent to chlormmphenicol, oxytetracy cline, and chlortetra
cycline respectively  Although the quantity of chloramphen
icol, oxytetracycline and chlortetracyclino was only one
third that when these antibiotics were used alone the
incldence of susceptibility to COC was found to be signifi
cantly greater than that to the individual antibiotics

Prcliminany chnfeal studies at the Philadelphin General
Hospital (Blockley Division) indicate that a combination
of chlornmphenicol oxytetracycline and chlortetracycline is
fust as effective thernpeutically as penicillin in the treatment
of pneumococcal pneumonia and superior to its use alone
in Klebsiella pneumonia. In additon it has been shown
that the combination COC has merit and is worthy of ex
tensive tral In the treatment of refractory urinary tract in
fections especially in patients with diabetes mellitus as well
as in such conditlons as typhoid fever and infections due to
the Bacterotdes group

Certalnly the status of polyantibiotic therapy in present
day clinical medieine is still largely undetermined particu
larly in view of our lack of understanding of the mode of
action of theso drugs when used in combination. Until
these findamental problems are more fully understood, or
until such time as sufflclent evidence has been accumulated
to Indicate which combinations may or may not be useful,
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the practicing physician can best contribute to the welfare
of lus patient and to the advancement of knowledge in this
fleld by following certaln principles of antimicrobial ther
apy Although most infecous diseases are successfully
treated with the laboratory establishment of a definite etio-
logic diagnosis the fact remains that one can employ anti
biotic therapy more intelligently if the infecting agent, or
agents are known. Certainly those cases failing to respond
to therapy deserve the benefit of necessary laboratary
stucies One should use doses of single antibiotics that have
proved adequate and effective as in most infections caused
by a single orgamism and 1n certain types of mixed Infec-
tions a single agent can be used effectively For those in-
fections where the offending organism proves resistant to
single drugs by laboratory tests or by adequate therapeutic
trial, then should polyantiblotic therapy be considered.
Where there 15 already adequate clinical proof that the use
of multple agents may be expected to yleld beneficlal ef
fects the proper combination should be employed immedi
ately In those cases where chinical evidence of effective
combined therapy is lacking, it is necessary to resort to
additional laboratory procedures in hopes of finding e
combination of drugs which will prove more effective than
a single agent alone Unfortunately the laboratory has not
as yet been able to provide an empirical formula for this
purpose. However it can furnish valuable information
which may serve as a guide i the selechon of various
combinations Certainly we are fustified in employlng anti
biotic combinations clinically in those instances where ap-
propriate tests fall to demonstrate definite antagonism
“If many drugs are used for o disears oll are tnsuffictent ™
S WiLLiaM Osen (1846-1910)
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CORTISONE AND ANTIBIOTICS IN INFECTIONS

Cortisone 1s well known to have a deleterious effect on
humoral resistance to & wide varicty of infections clinical
and expenimental. Infections with tubercle bacilli strepto-
cocel staphylococel and poliomy elitis virus are among those
in which the enhancing effect of cortisone has been dem
onstrated. Considerable attention has been given the possi
bility that this is due to the action of cortisone on antibody
formation The effect of cortisone on infections however
appears to be too rapid to be explained solely on the basis
of depression of antibody formation, and Thomas has pre-
sented evidence which suggests that the effect of cortisonoe
is to blockade the reticuloendothelial system {mpairing fts
normal capacity to remove fix or detoufy bacterda

Occasionally there may be justification for treating over
whelming infections with corticotropin or cortisone in con
function with intensive antibiotic therapy Certainly the
acute circulators collapse accompanying the Waterhouse-
Friderichsen syndrome represents a definite indlcation for
replacement therapy with this hormone Smadel and his
associates have demonstrated the effectiveness of cortisono
when given in conjuncton with chloramphenieol in the
treatment of typhold fever Similarly Workman and his
co-workers have observed that cortisone, combined with
chloramphenicol, shortened the clinical course and signs of
Intoxication in Rocky Mountain spotted fever Likewise pro-
lminary reports indicate the value of combined antibiotic-
cortisone therapy in selected cases of acute brucellosis in
fectious mononucleosis and Infectious asthma. In addition
hydrocortisone topleally In combination with various antl
biotics has been used successfully In stubborn dermatological
and ophthalmological infections The hazards of steroid
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Labmatory Aspects of Antimcrobal Therap)

Evin since the introduction of the sulfonamides in the
10303 the importance of the microbiology labomatory to
the clinieian has steadily increased. In addition to its orig
inal function of isolating and identifying pathogens the
microblology laboratory is now a significant factor in con
tributing to the delineation of specific antimicroblal therapy
which would, in many instances be virtually impossible of
accomplishment except on purely empirical grounds. Pri
marily as a result of antibiotic scnsitivity surveys it has
been established that different genern of microorganisms
arc varinble with respect to their response to the activity
of antibiotics By the same means it has been shown that
this variation extends beyond genenc limits to individusl
strains within a specified genus. In vitro microbiologieal
studies in addition to demonstrating that sensitive organ
isms can develop resistance to antimicrobial agents under
appropriate conditions also serve as the signal which in
dicates trends of changes of sensitivities and development
of cross resistance to antiblotics. In many fnstances the
reagons for success or fafluro of specific agents in clinical
usage have been explicable on the basis of results of in
oilro testing, This is not meant to convey the impression
that such testing is infallible but it is genernlly ngreed that
by and large the anticipated clinfcal results as predicted
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by in vitro tests correlate well with those actually occurring
in the clinic.

Additionally the microbiology laboratory can be of help
to the clinicfan in the evaluation of activity of antiblotic
combinations in the assay of body fluids and in alerting
the cliniclan as to the probable development of a super
infection as a coincident complication of antimicrobial
scribed dosages

Antibiotic Susceptibility Tests

One of the several important criteria upon which is based
the selection of an agent to be used in the treatment of an
Infection is the in oitro relative susceptibility of the etiologic
agent to the various antibioties It should be emphasized
that the clmician can m many instances preseribe specific
therapy without recourse to susceptibility testing. The many-
recorded instances of dramatic clinical response following
the use of antiblotics selected without beneflt of prior in
oitro sensitivity tests are ample evidence for the reliabiity
of the clinician s antibiotic experfence. Nevertheless, there
is equally little doubt that on many occasions he s con-
fronted with the problem of treating an infection in which
either the etiologic agent has not shown uniformity of sus-
ceptibility to the same single antiblotic agent or in which
the etiologic agent and site of infection is obscure In these
instances, susceptibility tests can be helpful

Without debating the pros and cons of the practical im-
portance of the remlts of such determinations, it would
appear that there would be small, if any argument on two
relative points. First, that at the present time a substantial
number of clinjcians reguest these determinations because
they feel that the information obtained thereby is of definite
value in defining specific thernpy Second, that as a con
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sequence of these requests most hospital Inboratories, even
those with modest bacteriological facilitfes are required to
perform these tests with varying frequency Tho evidence
that {a) microorganisms vary as to antibiotic susceptibility
and may deielop resistance to them under appropriate con
ditions (b) obsenved clinfenl responso s for the most part
in good agreement with results indicated by in oitro tests
and (¢) continuing rescarch efforts by pharmaccutical com
panies and others to find new antibiotics all point to the
probability that requests for these tests will not diminish,
but may be cxpected to increase

As has been previously pointed out by one of us (G M E.)
there are two basic types of susceptibility tests tho serlal
dilation and agar plate diffusion. The relative merits and
disadvantages of these procedures have been discussed In
considerable detail by others elsewhere Suffice it to say that
while the serial dilution test in liquid media is reliable and
accurate in direct proportion to the effort which is made to
insuro constancy of conditions and until recently was the
sole in vitro procedure by means of which the effects of two
or more antibiotics could be determined, it is too time
consuming, laborious and expensive to be considered prac
tical as a routine hospital procedure Equally important is
the fact that the comparatively precise data afforded by the
test is disproportionate to its clinical usefulness with the
result that most laboratones performing susceptibility tests
resort to some modification of the filter paper agar diffusion
procedure. Agar diffusion methods utllizing antibiotic reser
voirs in the forms of filter paper disks or cups of one sort
or another or employing the principle of ditching or welling,
while no substitute for serial dilution tests lend themselves
more conveniently to routine use and are clinically reliable
provided the results are not given excessive quantitative
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interpretation and are used solely as a qualitative guids in
defining susceptbility Unlike the serial ditution tests the
available agar disk procedures neither permit evahation of
antiblotic combinations nor lend themselves readily to a
determingtion of whether the inhibition which is observed
is bacterfostatic or bactericidal.

In order intelligently to interpret the results obtained with
antibiotic susceptibility test procedures, it is necessary to
conslder several pomnts First, what is meant by the term
antibiotic susceptibility? Second, an appredation of the
scope of the interpretation which should be placed upen
in oitro sensitivity tests Third, an understanding of the
principles which mderly these tests

An antibiotic susceptbility determination in the labora
tory either by e senal dilution test or an agar diffusion test,
is actually the measuring of an antibiotic concentration, or
range of concentrations which 1s effective {n producing some
degree of growth inhibition of the test organism This re-
sult 13 2 numercal expression of little or no significance
unless it 1s interpreted with regard to some reference stand
ard. If the reference standard is the inhibiting concentr2
tion for a second orgamism then it 15 possible to describe
the susceptibility of the first in terms of the second. Thus,
while the results of the tests for any one organism have &
more or less absolute value, the interpretation of them n
terms of susceptibility should only be a relative one. Conse-
quently entibiotic susceptibility is an expression of relative
and not absolute value If we are to speak of susceptibility
what is to be the reference standard? In our opinion the
clinical distinction between “resistant” and “susceptible
should be made with reference to the antiblotic concentra
ton obtainable in blood of patients recelving some dosag®
of nntibloic. For example a dosage schedule which pro-
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duces blood concentrations below those which are necessary
for inhibition as indieated by in oftro tests automatieally
labels the infecting organism as “resistant.” However if as
a result of increased dosage or some other means the blood
levels are elevated beyond the in pitro inhibiting concentra
tion, the same organism is now designated as “susceptible "
For clinical purposes then it is not necessary to know the
finite concentration required for inhibition as long as it is
less than the concentration attainable fn blood with pre-
scribed dosages

We are fully cognizant that the critical and effective con
centration of an antiblotic is probably that which exists in the
tissues at the actual site of infection rather than that which is
present in the peripheral circulation However in view of the
obvious difficultics in determining tissue concentrations and
the rather universal agreement that blood concentrations
correlate well with clinical response the establishment of
blood level concentrations as o criterion is understandable
From the clinical standpoint, then, it is dosage and concom
itant blood level concentration which govern the practical
distinction between resistance and susceptibility Hence all
that should be required of a susceptibility test is an observa
ton of in vitro inhibition regardless of degree, by an anti
biotic concentration equivalent to the average marimum
level obtainable with specified dosages. It immediately be
comes obvious that the clinical interprotation of resistance or
susceptibility is predicated upon a clear definition of (a)
blood concentration of antiblotic and (b) the dosage that is
used to obtain these blood concentrations

In our leborntories we have for some time been utlliz
ing as a criterion for differentlation of resistance and
susceptibility the comcentrntion of antibiotic which can
be expected i aversge patients blood when the most
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interpretation and are used solely as a qualitative guide in
defining susceptibility Unlike the serial dilution tests, the
avalable agar dish procedures neither permit evaluaton of
antibiotic combinations nor lend themselves readily to a
determination of whether the inhibition which is observed
is bacteriostatic or bactericidal.

In order intelligently to interpret the results obtained with
antibiotc susceptibility test procedures it is necessary to
consider several pomnts First, what {s meant by the term
antiblotic susceptbility? Second, an apprecistion of the
scope of the interpretation which should be placed upon
in oitro sensitivity tests Third, an understanding of the
principles which underly these tests.

An antiblotic susceptibility determination in the labora
tory either by a senal dilution test or an agar diffusion test,
is actually the measuring of an antibiotic concentration, or
range of concentrations which is effectrve in producing some
degree of growth inhibition of the test orgunism. This re-
sult is a numerical expression of little or no sgnificance
unless it is interpreted with regard to some reference stand
ard. If the reference standard is the inhibitmg concentra
Hon for a second organism then 1t is possible to describe
the susceptbility of the first in terms of the second. Thus,
while the results of the tests for any one organism have 8
more or less absolute value the interpretation of them in
terms of susceptibility should only be a relative one. Conse-
quently antibiotic susceptibility is an expression of relative
and not absolute value If we are to speak of susceptibility
what is to be the reference standard? In our opinion the
clinfcal distinction between “resistant” and “susceptible
should be made with reference to the antibiotic concentra
tion obtainable in blood of patlents recelving some dosage
of antibiotic. For example, a dosage schedule which pro-
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duces hlood concentrations below those which are necessary
for inhibition as indicated by in vitro tests automatically
labels the infecting organism as “resistant.” However if as
a result of increased dosage or some other means the blood
levels aro clevated bevond the in vifro inhibiting concentra
tion the same organism is now designated as “susceptible.”
For clinfeal purposes then it is not necessary to know the
finfte concentration required for inhibition as long as it is
less than the concentration attainable in blood with pre-
scribed dosages

We are fully cognizant that the critical and effective con
centration of an antibiotic Is probably that which exists in the
tissues at the actual site of infection rather than that which is
present in the peripheral efrculation However in view of the
obvious difficultics in determining tissue concentrations and
the rather universal agreement that blood concentrations
correlate well with clinfcal response the establishment of
blood level concentrations as a criterion is understandable.
From the clinical standpoint, then it is dosage and concom
itant blood level concentration which govern the practical
distinction betw een resistance and susceptibility Hence all
that should be required of a susceptibility test is an observa
tion of in citro inhibition regardless of degree, by an ant
biotle concentration equivalent to the avernge maximum
level obtatnable with specified dosages It immediately be-
comes obvious that the clinical {nterpretation of resistance or
susceptibility is predicated upon a clear definition of (a)
blood concentration of antiblotic and (b) the dosage that is
used to obtain these blood concentrations

In our laboratories, we have for some time been utillz
ing as a criterfon for differentlation of resistance and
susceptibility the concentration of antibiotic which can
be expected in average patients blood when the most
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commonly prescribed dosage of the antibioHe is admin
istered. The criteria which we have set up are shown i
the accompanying Table 2 and are based upon the utilization
of a filter paper disk procedure which has been previomly
descnbed. It is to be observed that we pay little attention
to the size of the zone of inhibition and that the only matter
of importance as far as we are concerned is whether or not
evidence of inhibition as manifested by the presence of a
zone of any size is apparent. For instance utilizing a disk
which contains one unit of penicillin, if a zone of inhibition
is obtained the organism present Is reported as susceptible,
whereas if no zone of mhibition is obtained, the organism
is reported as being resistant. At this point, great emphasis
should be put on the fact that in our opinion, a report such
as has just been described does not necessanily contraindl
cate the clinical use of penicillin in the illustration under
consideration It merely means that under the conditions of
the in vitro procedure the test organism is not susceptible
to a concentration of one unit, or less of penfallin, 2 con
centration which one can ordinarily expect to find In the
blood of average patients when these patients receive penl
cilhin as procaine 300000 units daily or as crystalline
100 000 umts every three hours This same organism, on
the basms of a higher dosage, or on the basis of retarded
penicillin excretion, could very well be suscoptible, in view
of the fact that higher blood concentrations can bo expected
under the latter conditions. It is our feeling that a suscepti
bility report from the laboratory should not constitute the
sole basis upon which the selection of an antiblotic for clin
ical use fs to bo based. Rather do we feel that the report
should be considered as just one more factor among $
which assist in determining whether or not a given antiblotic
should be used. The pharmacologlc properties of the drug
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itself that is a knowledge of the specific tissues in which it
penctrates (Table 3) the location of the infection the pres
ence or absence of impaired renal function the state of vas
cularity m the patient are also factors which will determine
the chmcal suceess of a given antibiotie and it is the sum
total of the consideration of all these factors which should
determine the sclection of an antibiotic and which will
prognosticate the outcome of its use  The relativo suscepti

bilits to scveral antibiotics of representative organisms en

countered at the Philadelphia General Hospital (Blockley
Dnision) are shown in Table 4

A few words are in order regarding the practico of desig

nating antibiotics as being elther bactenostatic bactericidal

or bath It is our experience that in many Instances the se

lection of an antibiotlc is determined by the reputatior
which it has acquired as being cither a static or lethal
agent. In practice it is often extremely difficult to distin

guish between bacteriostatic and bactericidal effects Strictly
speaking, the term bacteriostasis should apply only to those
situations in which therc is no change in the number of
viable bacteria during the time of cxposuro to an inhibitory
compound That it is frequently impossible to satisfy this
criterion is readily appreciated when it is realized that when
the reproductive process of an organism is retarded the
organism may readily dic of starvation or senescence and
after an appropriate lapse of time there may he a gradual
but significant decrease in total numbers It has been stated
that no chemical substance is known which in the presence
of a culture media and under conditions suitable for their
growth holds the number of bacterin constant and thercfore
10 substance can strictly be satd to have a bacteriostatic ac

Hon. Bactericidal activity s usually interpreted as referring
to a situation where there is & rapld destruction of organisms
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resulting 1n a diminution of their number Therefore, as is
well known, all antibiotics can be either bactedostatic or
bactericidal, depending on the concentration. It would seem
that the sole valid distinchion between bacterlostatic aud
bactericidal effects rests on the rate at which bacterlal num-
bers decline the rate beng greater with bactericidal than
with bacteriostatic agents From the clinicians pomnt of
view however the terms bacteriostatic and bactericidal are
utlized in defining the activity of antibiotics under those
conditions of concentration which can be obtained in the
body In the case of some antiblotics even under conditions
of maximal dosage the blood and tissue levels attainable are
such that at best they can manifest only a static activity On
the other hand, there are agents ltke penicilin and strepto-
mycin, which under conditions of ordmary dosage are present
1n concentrations which can produce a lethal effect and conse-
quently are referred to as bactericidal agents The question
of the necessity of maintaining concentrations of antiblotcs
in blood and tissues which are lethal in order to obtain satis-
factory therapeuhc response Is a debatable one, in view of
the fact that some of our so-called bacterlostatic agents have
also shown themselves capable of producing dramatic re-
sponses Tt therefore seems largely a question of the type of
infection and the nature of the etiologic agent which is in-
volved as to whether or not a bacterlostatic or bactericidal
effect is desired It is generally agreed that in some diseases,
especrally subacute bacterial endocarditis it is necessary to
maintan a bactericidsl copcentration in order to eradicate
completely all the organisms Involved in the infecton 1f
this is not done experience has shown that the infection will
recur so that this is an instance where the maintenance of
a Jethal effect 1s desired and can be obtamed only through
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the use of an antibiotic or combination of agents which is
found to produce blood concentrations which are lethal

For the majority of antibiotic therapeutic problems which
confront the clinician on a day to day basis it is not neces
sary for him to know cither the bactenostatic susceptibility
or bactencidal susceptibility of many organisms causing dis
casc As a matter of fact, there are certain classes of or
ganisms wlich have been consistently shown to be suseep-
tible to all the known indicated antibiotics  These include
Streptococcus virdans and pyogenes Pncumococcus Gono-
coccus Afeningococeus and Hemophilus organisms On the
other and there are certain groups of organisms which
have heen shown to be naturally resistant to most or nearly
all of the nvailable antibiotics. In thus respect we refer
specifically to Profeus and Pscudomonas with the exception
that the latter group of organisms are quite susceptible to
polymvxin B Between these two extremes lio the genera
including Staphylococet Salmonella Intcrococel Escherd
chin Shigella Rlebsiclla and Paracolon 1t is with diseases
in wlich these organisms arc imvolved that the clinician
usually requires the assistance of in oitro susceptbility tests
in selecting specific therapy and it is in these instances that
he may from time to time require information as to the
hacterfostatic and bactericidal concentrations of an anti
biotic ‘Thus the laboratory must be prepared to furnish
both types of information a condition which cannat be ful
filled by the performance of cither the routine serfal dilution
or the agar diffusion tests The determination of bactericidal
concentration requires a more claborate procedure and can
be performed most conveniently in conjunction with the
serial dilution test. These procedures comprise the prepara
Hon of subcultures from those tubes of a serial dilution series
which show no microscople growth. In most fnstances this
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1s accomplished by taking a loopful, or some other small
aliquot of the test portion, transferring it to a fresh container
of culture medium devoid of antibiotic and observing
whether or not growth occurs in the subculture While this
sounds like a relatively simple procedure, a number of dan-
gers are associated with it (a) A loopful of test mixture
may on the basis of chance alone contain no viable organ-
1sms particularly if the orlginal number of organisms used
as an inoculum is small. (b) A bacterial population con

sists of individuals of varying antiblotic susceptibility While
a given antiblotic concentration may be sufficient to mhibt
the majority of mdividuals in such a population, a small
number of resistant forms remain undetected and will re

quire a longer incubation Hme to make their presence ap-
parent as macroscopic growth. Thus a loopful of material
from such a population may also on the basis of chance
alone contain no viable organisms (c) Sufficient antiblotic
may be carried over to the subculture 20 as to furnish an
inhibitory concentration for the period of time during which
such subcultures are grown This is more likely to occur
when attempts are made to increase the amount of material
for subculture In the case of antibacterial agents far which
spectfic inactivators are known, eg penicillin and sulfons

mides this difficulty is easily circumvented by the use of
specific mactivators However wm the case of some of the
newer antibiotics specific inactivators are not available and
other devices such as dilution must be used. We have rec-
ommended that in the determination of bacterlcidal activity

the entire contents of the tubes which in the serial dilution
tests show no growth should be evaluated for the presenco
of orgnnisms and that the finding of =2 single viable colony
indicates less than complete bactericidal effect. In summary

therefore it is our feeling that laboratory studies of suscept]
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bility should include a determination of minimum inhibiting
concentration a determination of whether the inhibition is
temporary or permanent, and a determination of the ap-
proxmate number of surviving bacteria  All these determl
nattons should be made in appropriate sequence on the
same bacterial population These however do not repre-
sent the necessities of routine testing but rather the neces
sities of testing for speculized situations

Over a perlod of several years there have been numerous
reports emphasizing the increased frequency with which
organisms develop resistance to one or more of the anti
biotics Concurrently with this trend wo have scen the
introduction of a number of new antibiotics each of which
at the time it was first introduced was found to be effective
against those organisms which had developed resistanco to
the antfbiotic which had been previously used. But, as time
went on, and the frequency increased with which the newer
antibiotics were used for treatment it was also observed
that the incidence of resistance to these newer entibiotics
likewise fncreased Thus the problem of developing re
sistance of organisms became an alarming one and it was
only naturnl that considerable thought would be directed
toward the possibility of using antibiotics in combination in
an cffort to forestall the development of resistance of or
ganisms to all of our antlbiotics. Other possible areas of
utility visualized for antibiotic combinations are treatment
of mixed infections cases in which dlagnosis or identity of
causative organisms {s not immediately apparent, expansion
of the effective antimicrobial spectrum of the known drugs
beyond the limits accomplished by the individual antibiotic,
reduction of the incldence of superinfections and reduction
of frequency and severity of untoward reactions provided
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diminution of dosage would be effective without material
sacrifice of therapeutic activity

As studies of the effect of one or more antiblotics upon
the activity of another mcreased, it became apparent that
while one 1nvestigator was ascribing synergistic activity toa
certain antibfotic combination, another mvestigator using
the same combination was observing antagonistic activity
That the ulimate outcome of such conflictmg reports should
have resulted m confusion is therefore not surprising, es-
peclelly since the deflnition of synergism and antagonism
usually reflected the individual background of the investiga
tor were he microbiologist, pharmacologist, or clinicaan and
to each of whom the terms had a different mesning, The
observation that chlortetracycline and chloramphenicol, fre-
quently reported as antagonizing the mate of bacterlcidal
activity of penicillin, could not be substantiated by other
workers who pointed out that the effect observed varisd
with the concentration of agents and the specles of the test
organism is a case in point. The combination of chlortetracy
cline with chloramphenicol, or streptomycin has been re
ported as showing additive or synergistic effect. Oxytetracy
cline has been reported as having the same effect as chlor
tetracycline on pemcillin. Combinations of oxytetracycline
with chlortetracycline chloramphenicol, or streptomycin
have been reported as synergistic. Polymyxin B has been re-
ported as synergistic with other antibiotics {n vitro but antag
onistic towards penicilln and streptomycin in vlvo As the
literature on the activity of antibiotic combinations Is ro-
viewed, one cannot help but be struck by the followmg facts
Furst, that the major effort in the study of aptibiotic combina
tions has been confined to observations in lro on a Jmited
number of bacteria. A fower number of studles are concemed
with attempts to apply these findings to experimental anf

62



Laboratory Aspects of Antinucrobial Therapy

mals The rather scant reports of antibiotics in \Man arc
largely limited to the usc of such combinations as penieillin
streptomyein in enterococcal endocarditis  streptomycin
PAS INH in tuberculosts penicillinchlortetracycline in
pneumococcal meningitls  and  bacitracin penicillin - in
staphy lococenl infections which are amenablo to local treat
ment. At the present time it is genemlly conceded that the
phenomenon of antibiotic synergism or antagonism Is de-
pendent upon the specific bacterial species employed and
the relative proportion of the agents to which they are ex
posed From a clinical standpont, however antibiotic an
tagonism appears to have little significance provided that
the individual agents used in combination are utflized in
full therupeutic dosages.

Cross Resustance to Antibiotics

The question of cross resstance among antiblotics has
fundamental implications The mechanism whereby anti
bioties cxert their activity s not established and it is not
unlikely that the mechanism of acquisition of resistance may
be [ntimately related to theso modes of action In general
it can be stated that the development of cross resistance
amongst antibiotics has been limited largely to chemically
related antibiotics The relationships can be summarized
briefly as follows Among the tetracycline drugs the devel
opment of mutual cross resistance occurs rather frequently
(Table 5) The relationship between cross resistance to the
tetracycline drugs and chloramphenicol, on the other hand,
appears to vary with the bacterial species some developing
significant resistance while others show little or none The
development of resistance to the tetracyclines does not ap-
Ppear to be accompanied by the concomitant development
of resistance to penicillin or streptomycin  Development of
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resistance to streptomycin is not necessarily sccompanied
by resistance to neomyem. An interesting suggestion ans-
ing from cross resistance studies indicates that the develop-
ment of resistance by an orgenism to one entibictic may
actually lead to increased susceptibility to other antibiotics.
This has been demonstrated m the case of streptomycin
where organisms developmg resistance to this antiblotlc
become more susceptible to the tetracyclmes.

Anamicrobic Spectrum of Antibiotics

By the antimicrobic spectrum of an antiblotic, we refer to
the diversity of different genera of microorganisms agamst
which the specific antibiotic 15 effective. Table 8 shows the
antimicrobic spectra of the currently available, clmically
useful antibiotics. It 1s pomted ont that this chart is 2
practical one and is to be used only as a ready reference
with the realization that mdividual strains of microrogan-
15ms within each of the genera shown may be varisble in
respect to their reaction. From this chart, it should be ap-
parent that penicillin and badtracin have very similar anti
mucrobic spectra, although the latter agent is nsually more
effective agamst Streptococcus fecalis. Chloramphenicol 15
the drug of choice against the typhoid bacillus. Its second
widest apphcation probably resides m the treatment of
penidllin-resistant staphvlococeal infections. Oxytemacy
cline has been shown to be effectrve m mtestmal amebiasls
Erythrv:rmyz:lnhnsbcenshtm-ntobeufgremt\'aluehl'13’e
treatment of staphylococcal and streptococeal mfections
resistant to other antibiotics. Polmvxin B has a pecular
predilection for Pseudomonas organisms.
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resistance to streptomycin is not necessarily accompenied
by resistance to neomycin. An interesting suggestion aris-
ing from cross resistance studfes indicates that the develop-
ment of resistance by an organism to one antiblotic may
actually lead to increased susceptibility to other antibiotics.
This has been demonstrated in the case of streptomycm
where organisms developing resistance to this antibiotc
become more susceptible to the tetracyclines

Antimicrobic Spectrum of Antibtotics

By the antimicrobic spectrum of an antihiotic, we refer to
the diversity of different genera of microorganisms against
which the specific antibiotic is effective. Table 6 shows the
antmicrobic spectra of the currently available, clinically
useful antibiotcs It is pomted out that this chart is a
practicsl one and is to be used only as & ready reference
with the realization that individual strains of micrarogan
isms within each of the genera shown may be variable in
respect to thelr reacton. From this chart, it should be ap-
parent that penicillin and bacitracin have very smmilar ant
microbic spectra, although the latter agent is usually more
effective agatnst Streptococcus fecalls Chloramphenicol is
the drug of choice against the typhoid bacillus. Its second
widest application probably resides i the treatment of
penicillin resistant staphylococcal mfectons Oxytetracy
cline has been shown to be effective in ntestinal amebiasls
Erythromycin has been shown to be of great value {n the
treatment of staphylococcal and streptococcal infections
resistant to other antibiotics. Polymyxn B has a peculfar
predilection for Pseudomonas organisms
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TABLE 2

CRITERIA TOR INTERPRETATION OF SUSCEPTIBILITY
(Philadelphia General Hospital—BlocKley Divlsion)

A Maex Bled R""',{:s;::ﬂ”v
Desege Leeel Revdlimg buiren
Fy Shedals From Indiceted Reme Is
Desage
Umiror g fml | Prosewt | dbsemt
Penlallin 300 000 units 10 1 unlt | more than
Procaine daily or bem 1 unit
or 100 000 8 R
unis  crystal-
lineq 3 b
Streptomycin 05 Gm bid 15 15 mcg | more than
o lem | 15 meg
8 R
Chloramphenicol | 0.5 Gm. q 6 h. 15 15 meg | more than
orbes | 15 meg
8
Chlortetracycline | 6.5 Gm. q 6 h. 4 4 mcy | more than
o lem | 4mcg
8 R
Oxytetracycline | 0.5CGm. q 6 b 6 6 mcg | maro than
orlem | 4 meg
Tetacychine 0.50m.q 6 b 3 5 meg | more than
of bem 5 meg
Erythroomyd 03GCGm.q 6h 3 3 mare than
o 3 mey
8 R
Note- § = Susceptible
R =Rcdstant
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TABLE 4

ReLaTIvE ANTIRIOTIC SUSCEPTIBILITY OF BACTERIA IsoLATED
FroM RouTINE CLmNicAL SpEcDarnst

Tetal Per Crut Sesceptable sa.
Orgamsm Strams

P 5 cr [ cH

Str oordens 107 91| — | 100 100 100

Sty pragenes 38 | 100 — | 100 100 100

D pucswenine 105 | 100 — | 100 100 100
M p ser avrexs 475 299 | — | B850 818 875
Alpha mtsrececcus 283 »2 | — 828 784 828
Bda enteroceccns 85 282 (— | 577 553 798
Total 1093 465 | — | 86.0 82.8 88.5

H influnzac 47 |——|936f{100 |[100 [ 100
Calr-arapous 447 | —— | 610 334 487 33
Klebsialla Sp 139 | —— | 432 402 517 654
Peracslon Sp 109 | —— | 496 202 4 641
Proteus Sp 224 | — | B2 3t 79 321
P aerugmess 114 | —— | 97 44 1B 4 6.1
Total 1080 | —— | 457 26.5 37 60.8
Grand Total 217 | —— | — 564 606 748

Note {Urlne, sputum, blood, C.S.F., axudates
peniclllin
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TABLE 5
COMPARATIVE {n Vilro SUSCEPTIBILITY TO THE
TETRACYCLINES OF BACTEMA ISOLATID FROM
NICAL, SPECTMENS

Prr Cont Susceptible te
O gemim Namber
of Strans c o T
Afrcracocrus prograes o albus 15 s64 | 631 60.8
AMucracocous pregenes owr axreus 110 632 61.2 602
Alphe exterocaccur 102 450 423 422
Eschmciua Sp 60 400 85.0 533
Flebndla Sp 177 339 412 390
Paacslsboctrsm 46 283 391 456
Protras 5 49 40 40 40
Prcwdmrwnas Sp 48 00 89 00

Note Two strains D puncmenzec two straums Sty snidens three stralos N xtre-
edlxdans and scven straing I rafuares uniformly nusceptible to afl tetracy
clines. Evatustion made by filter paper disk
(C) = 4 mcg  oxytetracyeline (O) = 6 mcg  and tetracychne (T) = §
mcg  While majority of strains tested (clghty-clght per cent) showed
similarity of suscepdbility patiern, dither seraitive or redrant fmnitane-
ously to the three tetraryclines twelve per cont showed same variaton in
that while resistant to one or two of the three tetracyclines they were
neverthelem smceptible to the other member or members of the group.
‘This would Indicate that while croms resistancs to tetracyclines occurs in
many organiame, §t does not occur unfrerually
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TABLE 6 (Continued)
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Compheations of Anfumcrobal Ther apy

and Then Management

Twene is no longer any doubt that the widespread use of
antfbiote agents while resulting in the resolution of many
problems in the field of infectious diseases has also served
to crcate a number of new and sometimes perplexing ones
Among these may be Included the various untoward side
effects which are scen more and more as the use and mis
use of antibioties become commoner  Certain of these side
effects are toxle, somo are allergic and others scem to be
related to the biologic activities inherent in the antibiotic
agents themselves.

Most of the liternture dealing with antibiotes s con
cemned with the delineation of the triumphs produced by
these drugs However the dangers and harmful sequellas
of thelr uses have only recently begun to be stressed and ap-
preciated. This is not to {mply that the harmful effects that
attend the use of antibiotics should discourage the physician
from using them when they are indicated. However there
appears to be developing a philosophy which tends to dis
courage the indiscriminate use of antiblotics in cases or in
situations where the indication for their use is entirely ab-
sent, or at most only slightly suggested.
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Comphcations of antibiotic therapy can be placed in a
number of broad categories

DERMATOLOGIC COMPLICATIONS

Dermatologic complications are mostly the result of sensi
tization, that is they are mainly allergic complications They
occur in the form of various skin leslons appearmg either
during the course of therapy or soon after the administra
tion of the same agent when it is administered in a subse
quent course. Lestons which are seen may be transient and
usually they increase in severity or lead to more serious
consequences if administration of the antibiotic is contmued.
It has been estimated that at the present tme one may ex
pect dermatologic complications m about four or five per
cent of all patents receiving antibiotic therapy

Dermatologic lesions occurrmg as a complication of anti
biotic therapy are of several types First, a skin eruption
is frequently seen {n hypersensitivity to antibiotcs as a
macular or maculopapular drug eruption. It may be scar
latiniform or it may take on the charactenstics of erythema
mualtiforme. Occasionally it may become vesicular or pur
pural, if the reaction is severe enough or if the drug is not
discontinued soon enough. The second type of skin erup-
tion is urticaria or angioedema, which may be seen alone
or as part of & serum-sickness type of hypersensitivity re
action to antibiotics A third type of dermatologic reaction
1s eczematous dermatits This may eventually become
widespread enough to produce a generalized exfoliation
with severs weeping and oozing It may be particularly
pronounced in the groins and around the feet, where the
patient may have had a previous dermatophytosis Fourth,
in tndividuals who work with antibiotics, or use them habit
ually locally there may be seen a true contact dermatitis.
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This is particularly true in the casc of penicillin and strep-
tomycin and emphasizes the fact that application of anti
biotics 1n ointment form to the skin is a good way to induce
scnsitization to these drugs  Fifth mucous membrane mani
festations are also seen as a complicntion of antibiotic ther
apy This is most noticeable with all of the antiblotics but
most frequently with the so-called wide spectrum anti
biotics In these cases the usual manifestations appear as
2 red, inflamed oral mucosa with a swollen denuded
tongue Occasionally thero may be dermatitis at the angles
of the mouth Sometimes the tongue fs black and hairy
and there may be an overgrowth of monilial organisms
While Candida albicans is frequently grown in the labora
tory from such lesions the cxact relationship of this micro-
organism to the symptoms Is still dcbatable In general,
antibiotics per se do not stimulate the growth of yeasts but
it seems that in some individuals Candida albicans grows
cxcessively when the antibiotics destrov the associated bac-
tenn. Stomatitis and glossitis may also occur as a true man
ifestation of contact sensitivity of the mucous membranes
particularly from the use of antibiotics contained in troches
and lozenges It s estimated that this tvpe of contact
sensitivity is not Infrequent and may occur in as high
a pereentage as fifteen to twenty per cent of patients who
use these forms of local medication A large segment of
medical practitioners feel that this form of treatment is not
to be recommended at all. Other dermatological reactions
that may occur following the parenternl administration of
antibiotics are (a) fixed drug eruptions and (b) local in
flammatory reactions at the Injection site Local reactions
at the sites of injection of antibiotics incrense in intensity
with successive injections and take on the characteristics of
an Arthus-like phenomenon
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The first and most important step to take in the manage-
ment of dermatologic complications associated with ant
biotic therapy is to stop the administration of the drug
For the urticarlal, or serum sickness type of reaction,
the antihistaminics 1n relatively large doses are very help-
ful. Pyribenzamine or benadryl in particular in doses up
to 400 or 600 mg daily will often reduce the hives and re-
lieve the pruritus even though they do not help the arthral
gias or reduce the lymphadenopathy In dermatologic re-
actions attended by maculopapular eruptions eczematold
responses and mucous membrane manifestations, the
antihistarminics are of hittle value In contact dermatitis, the
antihistamimes again are without much use. For the more
severe dermatologic manufestations such as urticaris, vesic
ular or bullous exfoliative eczematous or the contact type
of hypersensitivity the use of corticosteroids is indicated
These agents relieve the pruritus and weeping and quickly
male the patient feel a lot better It would appear that this
is an ideal situaton for the use of ACTH or cortisone, since
the condition to be treated is self limited in duration, pro-
vided of course that the administration of the antiblotic is
stopped. The doses of corticosterolds required for rellef
may be large, but there is little danger since the therapy
need not be continued for long As an example, hydrocort-
sone, 100-200 mg. dafly for three days then diminished by
decimals of 25 mg. each day will usually give good results
Where the eruption is merely morbilliform and local, a bland
emollient such as calamine lotfon will be suficlent. Ointments
and antihistamine-containing lotions or ointments zre not
employed, since these in themselves are also known to be
sensitizers. For stomatitis complicating antibiotic therapy
warm, saline mouth washes are recommended. Very fre-
quently large doses of vitamin B complex are also given,
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not because the vitamin B will give any outstanding thera
peutic results but because the appearance of the oral mu
cosa reminds us of that which is usually seen in vitamin B
deficiencles  In vaginitis or perlanal dermatitis douches or
wet compresses of silver nitrate, 1 5000 are very helpful,
particolarly if there is a complicating moniliasis

GASTROINTESTINAL COMPLICATIONS

Adycrse reactions in which the gastrointestinal tract has
been involved have been reported during the course of treat
ment with all of the antibiotics The incldence of this oc
currence however has been greatest in patients who have
been treated with the so-called wide spectrum antibioties
The most frequently encountered gastrointestinal symptoms
are nausea, vomiting, diarrhea and pruritus.

The nausea and vomiting which has been observed during
the use of these antiblotics have heen attributed to a varicty
of causes First there are those who believe that the frritat
ing action is due to some direet cffect upon the stomach
However examination of the stomach by x rays or gns
troscopy usually has revealed no significant structural
changes in the largest number of these cases. Avoldance of
nausea has been reported as being significantly reduced by
giving mill. with cach doso of the drug For a time the
concomitant usc of aluminum hydroxide and the simul
tancous administration of acidophilus milk, was felt to be
smeliorative  The use of aluminum hydroxide however
should be discournged, in view of the fact that it has been
shawn to interfere with the absorption of chlortetracyeline
with the result that the blood level of this antiblotic is
significantly Jess when this agent is used in an cffort to re-
duce nausea  Occastonally a true gastritls may result from
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the use of some of the broad spectrum antibioics How
ever such cases are rare

Diarrhea, accompanied by cramps and tenesmus con
tinues to be an important and distressing comphcation at
tending the use of the broad spectrum antibiotces The
mncidence of its occurrence following chloramphenicol ad-
ministration, however appears to be less than that seen
when chlortetracycline and oxytetracyclme are used. Diar
rhea may begin after a single dose but more often is seen
after three or four days of therapy Occasionally the diar
rhea persists for weeks or even months after therapy has
been discontinued. Many explanations have been offered to
explain the diarthea which is seen as a result of antibiohc
therapy Of these direct irritative effects by the drug drug
allergy wvitamuin B complex deficiency and changes in the
mtestingl flora are noteworthy While direct irritation by
the drug may be a factor in those cases in which diarrhea
is seen following a few doses of antibiotics the consensus
appears to favor the view that the diarrhea is in one way
or another related to changes produced in the intestnal
flora These changes have been reported to be of two
kmds first a marked reduction in total numbers of some of
the fecal bacteria which are common to the gastrointestinal
tract. Secondly there is a change in the quslitative com
position of the bacterial flora. However this shift, both
quantitative and qualitative, persists for only & few days
and upon continuation of therapy there appears to be a
reestablishment of the original bacterial flora. In some cases
there has been noted an increase in the number of Candida
albicans organisms in the stool There are reports that
Proteus as well as staphylococci also seem to increase in
numbers following wide spectrum antibiotic therapy It
has been speculated that these bacterial changes cause al
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tered intestina] motility cither as a result of chemical frrita
tion or by proliferntion of mildly pathogenic organisms
which suddenly find themsclves dovold of inhibiting an
tagonists It is clear however that the basic mechanism
remains obscure especially wlen one considers that the
diarrhen may persist for a long time after tho drug has
been withdrawn and also that when ncomyein alone or in
combination with other drugs is used preoperatively as a
gastrofntestinal preparntive measure thero is a very low
incidence of diarrhea essociated with its use although the
drug is very effective in eliminating most of the bacteria.
Ulcerative proctitls and colitis have been reported in
individuals receiving antiblotics. In some of these cases
the lesions are indishnguishable from nonspecific ulcerative
colitis. It is for this reason that the management of patients
with ulcerative colitis by means of antibiotic therapy should
be approached with caution, particularly when it is decided
to use wide spectrum antibiotics. A very important bowel
complication which more recently has been increasing in
frequency is the so-called pseudomembranous cohtis This
condition is characterized by severe diarrhea, attended or
followed by a shock hke picture, and, in some instances
death is alleged to have occurred in a few days In a num-
ber of these cases the leslon appears to be due to a staphylo-
coccus. When this condition has been reported, usually
patients have received either chlortetracycline, oxytetracy
cline, and combinations of penicillin and dthydrostreptomy
cin. There are on record a few cases in which this condition
has occurred and in which no antibiotics were used. One
should bear in mind that when the disease is suspected of
being caused by a staphylococcus the efficacy of erythro-
mycin for this type of organism, should be Lept in mind.
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the use of some of the broad spectrum antiblotcs How
ever such cases are rare

Duarthea, accompanied by cramps and tenesmus con
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tending the use of the broad spectrum antibiotics The
meadence of its occurrence followng chloramphenicol ad
ministration however appears to be less than that seen
when chlortetracycline and orytetracycline are used. Diar
rhea may begin after a single dose but more often is seen
after three or four days of therapy Occasionally the dar
rthea persists for weeks or even months after therapy has
been discontinued Many explanations have been offered to
explain the diarrhea which is seen as a result of antihiotc
therapy Of these direct mritative effects by the drug, drug
allergy vitamin B complex deficiency and changes in the
intestinal flora are noteworthy While direct frritation by
the drug may be a factor in those cases in which diarrhes
is seen following a few doses of antiblotics the consensus
appears to favor the view that the diarrhea is in one way
or another related to changes produced in the testinal
flora. These changes have been reported to be of two
kinds first a marked reduction in total numbers of some of
the fecal bactera which are common to the gastromtestinal
tract. Secondly there is a change in the qualitative com-
position of the bacterial flora. However this shift, both
quantitative and qualitative persists for only a few days
and, upon continuation of therapy there appears to be a
reestablishment of the original bacterial flora. In some cases
there has been noted an increass i the number of Candida
alblcans organisms m the stool. There are reports that
Proteus as well as staphylococcd also seem to fncrease in
numbers following wide spectrum entibiotic therapy It
has been speculated that these bacterial changes cause al
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tered intestinal motility either as a result of chemical frrita
tion or by proliferation of mildly pathogenic organisms
which suddenly find themselves devold of inhibiting an
tagonists It is clear however that the basic mechenlem
remains obscure especially when one considers that the
diarthea may persist for a long time after the drug has
been withdrawn and also that when ncomycin alone or In
combination with other drugs 1is used preoperatively as a
gastrointestinal preparative measure there is a very Jow
incidence of diarrhea associated with its use, although the
drug is very effective in eliminating most of the bacteria
Ulcerative proctits and colitis have been reported in
individuals recefving antibiotics In some of these cases
the lesions are indishnguishable from nonspecific ulcerative
colitis It is for this reason that the management of patients
with ulcerative colitis by means of antiblotic therapy should
be approached with caution, particularly when it is decided
to use wide spectrum antibiotes. A very important bowel
complication which more recently has been increasing in
frequency §s the so-called pseudomembranous colitis This
condition is characterized by severe diarrhes, attended or
followed by a shock ke picture and, in some instances
death is alleged to have occurred in a few days In 2 num
ber of thess cases the lesion appears to be due to a staphylo-
coccus. When this condition has been reported, usually
patents have recelved elther chlortetracycline oxytetracy
cline, and combinations of penicillin and dihydrostreptomy
cin There are on record a few cases in which this condition
has occurred and in which no antibiotics were used. One
should bear in mind that when the disease is suspected of
being caused by a staphylococcus the efficacy of erythro-
myecin for this type of organism should be Lept fn mind
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the use of some of the broad spectrum antibiotcs How
ever such cases are rare

Diarrhea, accompanied by cramps and tenesmus con
tinues to be an important and distressmg complication at
tendmg the use of the broad spectrum antibiotics The
incidence of its occurrencs followmg chloramphenicol ad
ministration, however appears to be less than that seen
when chlortetracycline and oxytetracychne are used. Diar
rhea may begin after a single dose but more often is seen
after three or four days of therapy Occaslonally the diar
rhea persists for weeks or even months after therapy has
been discontinued. Many explanations have been offered to
explain the diarrhea which is seen as a result of antibiotic
therapy Of these, direct irntative effects by the drug drug
allergy wvitamin B complex deficlency and changes in the
intestinal flora are noteworthy While direct irmtation by
the drug may be a factor in those cases in which diarrhea
is seen following a few doses of antibiotics the consensus
appears to favor the view that the diarrhea is in one way
or another related to changes produced in the mtestinal
flora These changes have been reported to be of two
kinds first a marked reduction in total mrmbers of some of
the fecal bacteria which are common to the gastrointestinal
tract Secondly there is a change in the qualitative com
position of the bacterfal flora. However this shift, both
quantitative and qualitative, persists for only a few days
and, upon continuation of therapy there appears to be a
reestablishment of the original bacterial flora. In some cases
there has been noted an increase in the number of Candida
albicans orgamsms in the stool. There are reports that
Proteus as well as staphylococcl also seem to mcrease in
pumbers following wide spectrum antibiotic therapy It
has been speculated that these bacterial changes cause al

78



Complications of Antunicrobial Therapy

tered Intestinal motility either as o result of chemieal frrita
tion or by proliferation of mildly pathogenic organisms
which suddenly find themselves devoid of inhibiting an
tagonists It is clear however that the basic mechanism
remains obscure especinlly when one considers that the
diarrhea may persist for a long time after tho drug has
been withdrawn and also that when necomycin alone or in
combination with other drugs Is used preoperatively as a
gastrointestingl preparative measure there is a very low
incidence of diarrhea associated with its use, although the
drug is very effective in eliminating most of the bacterin.
Ulcerntive proctitis and colitis have been reported in
individuals recetving antiblotics In some of these cases
the lestons are indistmguishable from nonspecific ulcerative
colitis. It is for this reason that the management of patlents
with ulcerative colitis by means of antiblotic therapy should
be approached with caution, particularly when it is decided
to use wide spectnm antibiotics A very important bowel
complication which more recently has been increasing in
frequency is the socalled pseudomembranous colitis This
condition is characterized by severe diarthea, attended or
followed by a shock like picture and, in some instances
death is alleged to have occurred in a few days In a num
ber of these cases the leston appeans to be due to a staphylo-
coccus When this condition has been reported usually
patients have recelved elther chlortetracycline oxytetracy
cline and combinations of penicillin and dihydrostreptomy
cm  There are on record a few cases in which this condition
has occurred and in which no antiblotics were used One
should bear in mind that when the disease Is suspected of
being caused by a staphylococcus the efficacy of erythro-
mycin for this type of organism should be Lept in mind
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Prunitus ani is another very common complication which
follows the use of certain broad spectrum antibiotics and
which may persist for months. Here, as in diarrhea, the
responsible mechanism is obscure. It has been suggested
that, as in stomatitis and diarrhes, vitamin B complex de-
ficiency associated with alteration in normal bacterial ecol
ogy Iis the underlying cause. It is suggested that meticulous
hygiene be observed during antibiotic therapy to reduce the
incidence of this complication. When it does occur the ad
mmistration of yogurt or lactic acld bacilli has been reported
as helpful. Occasionally local applications of gentian violet
may be used, if the condition is felt to be due to a moniliasis
More recently local application of hydrocortisone, in oint
ment, has been suggested.

A sub-group entity presently suspected of being a com
plication of antibiohe therapy and discovered by workers
using the needle biopsy technie, consists of the finding of
fatty changes in the livers of patients who are recelving
chlortetracycline or oxytetracycline These changes are re-
versible and usually disappear very soon after the drug 13
discontinued Increase of urinary nitrogen eccompanfes
these changes and in isolated patients there have been re
ports that a negative nitrogen balance may actually develop
Methionine appears to be ineffective {n the reversal of these
fatty changes

While the gastrointestinal complications attending the
use of antibiotcs are annoying they are usually not serious
The use of undecylinic acid has been advocated as an agent
for controlling monilial complications secondary to the use
of the tetracyclines and chloramphenicol. Recommended
dosage is 044 Gm. orally concurrently with the use of each
250 mg capsule of antbiotic. It is claimed that this agent
does not {nterfere with the therapeutic qualities of the ant-
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biotics However undecylinic acid does not appear to de
crease the incidence of severity of diarthea nor prevent the
appearance of bacterlal opportunists, like Proteus pseu
domonas or staphylococed. More recently Mycostatin (Ny
statin E R Squibb & Sons) has been introduced as an agent
for the prevention and management of gastrointestinal monil
fasis It is avaflable as 500 000 unit tablets to be given t. 1 d
When taken by mouth it is not absorbed and is stated to be
compatible with all the present orally administered antl
biotics. Up to the present time no serious toxic effects have
been reported even with large doses administered for wecks
Additional clinical experience is required before it will be
possible to accurately assess the clinical value of this drug

GENITOURINARY COMPLICATIONS

There are several untoward reactions or complications as-
sociated with the chemotherapy of genitourinary infections,
First, there is vagunitis, a condition which is most frequently
seen 1 patients treated with wide spectrum antiblotics,
Second, obstruction in the urinary tract, or crystalluna,
may be seen in patients recelving sulfonamides for long
periods of tme. Third, the development of ant{blotic re-
sistance may occur in those instances where sntibiotic agents
are used indiscriminately and for relatively long periods of
time without evidence of the {dentity of the orgunism in
volved in the infection. Fourth, cholern like symptoms as
soclated with the presence, or overgrowth, of penlcillin
resistant staphylocoeei in the bowel may develop Fifth,
there may be direct toxicity due to the agent itself as for
example polymyxin and the nephrotoxicity associated with
its use,

Among urologists, It is not fnfrequent to ses an incrensing
number of patients with monilial vaginitis and irritation
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around the urethrel meatus Usually this begins several
days following the initiation of antibiotic therapy These
patients come to the urologist with the principal complaint
of burning on urination as the predommant symptom This
complication occurs very frequently in elderly ladies past
the menopause, who have an atrophic vaginal epithelum.

During the time when the sulfonamides first came mto
wide use many patients receiving these drugs complamed
of oliguna and anuria, which were subsequently shown to
be due to precipitation of sulfonamide crystals into the
urinary tract. The diagnosis 1s not difficult to make since
these patients are usually taking large doses of the drug,
are not forcmg fluids and are not alkalmizing the urine.
Most often, cystoscopy will reveal clusters of yellow crystals
projecting from both ureteral orifices Occasionally there
will be additional precipitaon within the collecting tu
bules and renal parenchyma and still more rarely there is
a nephrotic type of reaction of the renal tubules. As a
result of these observations there have been developed
sulfonamide drugs whose solubility in urine of normal pH
is greatly increased over and above that which is character
istic for the sulfonamides first introduced. Sulfadiazine when
used should be given in combination with an alkalizing
agent, such as sodium bicarbonate However within recent
years more soluble sulfonamide drugs, such as gentrisin
end elkosin and the so-called triple sulfonamide mixtures,
are becoming more acceptable despite the fact that among
clinicians there is a feeling that sulfadiazine is 2 more po-
tent antbacterial than either gantrisin or elkosin It is
important to emphasize the necessity of forcing fluids dur
ing the administration of sulfadiazine

In preparation of ureterosigmoid transplantstion it is a
commonly accepted practice to administer antibiotics or
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sulfonamides in an effort to stenlize the bowel so that any
fecal material spilled at surgery will do minimal damage in
the peritoneal cavity For this purpose tetracycline oxytetra
cveline bacitracin neomycin or sulfathaladine have been
used. While there have many cases where this method of
preoperative bowel preparation have been unattended by
undesirable sequellae there have been a few instances where
this practice of sterilizing the bowel has occasionally resulted
in a fatal complication It scems that some patients harbor a
staphy lococcus which is resistant to the sterilizing antibiotics
used and, as a result of the removal of the associated fecal
flora, it undergoes a tremendous overgrowth i the bowel
Such patients develop an overwhelming staphylococeal tox
emia and septicemin and a few reports of death have been the
result. Awareness of this possibflity cannot be overempha
sized and when indications appear which would lead one to
suspect inftiation of an overgrowth of staphylococci it is well
to remember the specific action of erythromycin against these
organisms

In the treatment of renal tuberculosis a senous disease
often requinng ot least one year or more of therapy it
should be remembered that the vanous agents used for the
treatment of this disease may give rise to complications
Ataxig, resulting from protracted use of streptomyein, is not
nearly so much of a problem today as it was in the days
when streptomycin was given daily Dysfunction of the
vestibular auditory apparatus as a result of either strepto-
mycin or dihydrostreptomycin alone for the treatment of
this disease, would appear to be considerably reduced when
one employs a combination consisting of one half strepto-
mycin and one half dihydrostreptomycin In view of the
fact that drug resistance to streptomycin develops rather
rapidly it is important that patients wih renal tuberculosis
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be given streptomycin in conjunction with PAS or {soniazid.
The same is true of isoniazid. In other words neither strep-
tomycin nor isoniazid should be given elone they should
always be given in combination with PAS Isoniazid is a
central nervous stimulant, in addition to possessing anti
tuberculous activity If it is given to patlents whose renal
function is severely damaged by tuberculosis the blood
level will rise progressively as the drug accumulates in the
blood stream as a result, the patient will begin to show
neurologic manifestations consisting essentially of nervous-
ness and jitteriness This may be followed by sphincter
spasm requrmg banthine to enable him to void, and finally
the patient may even develop a hyperreflexia, convulsions,
and possibly die Therefore, it is Important to remember
that in patients who are moderately uremic as a result of
destructive tuberculosis of the kidney it is necessary to de-
crease the dose of {nsoniazid to approximately two-thirds
that which is usually used tn patients with other forms of
tuberculosis. The use of polymyxin in patients with urologic
mantfestations should be approached with care in view of
the recognized nephrotoxcty of this antibiotic

PULMONARY COMPLICATIONS

Pulmonary complications attending the use of antfbotics
can be grouped mto three major classes (1) Allergic re-
actions (2) development of bacterial resistence to antl
biotics and (3) infections occurring secondary to ant
biotic therapy

At the present time allergic reactions to parenteral ad
ministration of penfcillin represent the most serious hazard
of antibiotic therapy It has been reported that the inci
Jence of sensitivity to this antiblotic is in the 5
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of nbout ten per cent. The allergle responses that have
been seen following the use of this antibiotic include
Anaphy lactic shock and death, urticaria, periarteritis nodo
sum, and exfoliative dermatitis Unfortumately these reac
tions cannot be safely and universally predicted or pre
vented, efther by penicillin skin tests or by the use of
hypoallergenic penicillin such as penicillin O In many
allergic reactions to penicillin the employment of an antt
histammic agent can be extremely helpful

Anophylactic shocl, due to peniaillin may include severe
bronchial spasm and edema When this state occurs it in
volves the emergency use of a number of measures Among
these are artificial respiration the administration of oxygen
or hellum-oxygen mirtures pressuro breathing, and intuba
o, including intravenous injection of 1 1000 adrenalin, or
some anthistaminic and ACTH by infusion are helpful.
When pulmonary edema is present intermittent pressure
breathing is indicated.

In view of the relatively high mcidence of penicillin
sensitive individuals, there seems to be a trend developing
toward the reservation of parenteral penicillin to those cases
n which exceptionally high blood levels of the drug are re-
quired for survival. There are those who feel that for the
minor ailments in which penicillin is indicated, the oral
preparations are preferred, in view of the fact that the
{ncidence of serious reactions to penicilln administered by
mouth has been thown to be negligible in comparison to
that seen with parenteral penicillin. The introduction of di
benzylethylene diamine penicillin (DBED) which may be
given following meals without a decreass in blood level
such as it seen when crystalline penicillin i given \mder
the same conditions has made available a useful drug to
diminish the incidence of sensitivity to penicillin in patients.
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Another complication of penicillin seen 1n patients is red
and black tongue which is associated with oral administra
tion, or the mhalation of nebulized, penicilin. This mani
festation of toxicity may be prevented by usmg penicillin
in capsule form, or as a coated tablet. It may be prevented
also at least in part, by washing the mouth and dnnking
water after treatment. Red end black tongue is not peculiar to
oral penicillin, but may also be seen where the drug is used
systemically In patents with bronchial asthma and pul
monary emphysema, who may be treated by inhalaton
therapy of penicillin aerosol, allergic reactions which are
seen 1n approximately twenty per cent of these pabents,
are not due to allergy but to the effect of the physical 1m
pact of the mist. Aerosol therapy with penicillin is espe
cially mdicated in cases of bronchiectasis and suppurative
sinusitis

Development of bacterial resistance and infections sec
ondary to antibiotic therapy are closely associated and will
therefore be discussed together In bronchopulmonary in
fections Staphylococcus aureus is the chief organism which
has been shown to develop a significant resistance to anti
biotics and there 1s no longer any question that the fncl
dence of pemcillin resistant staphylococel, particularly
in hospitals, is today considerably higher than jt was when
the antiblotic was first mtroduced into general use With
out attempting to discuss the various mechamsms which
explain this high incidence of penicillin resistance of staphy
lococel in hospltals suffice 1t to say that it is not an un-
usual occurrence today to find that only twenty per cent
of staphylococe! which are isolated from clinfcal specimens
are sensitive to penicillin. A simuler trend with respect to
the other antiblotics has been observed and also seems to
be assocaated with the increased frequency with which a
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particular antibiotic is used or ghven in the institution It
is for this reason and particularly amongst tho staphylo-
cocel that studies of the sensitivity of the organisms from
the sputum have become almost a necessity In bronchl
ectasis where the involved organisms may include the
staphylococci it is felt that current treatment should con
sist of at least one million units of penicillin daily In view
of the fact that many penicillin resistant staphylococet are
still found to be suscoptible to tetracyclines and erythromy
cin it is important to keep these agents in mind when pent
cillin appears to be ineffective assuming of course that sen

sitivity studies have indicated that these agents are effective
In cases of penicillin resistant staphylococe, which have be-
come resistant to erythromycin or tetracycline it may be nec
essary to resort to intramuscular injection of streptomycin
combmed with the administration of large doses of penicillin
by mouth

Infection of the bronchi or lungs with bacterial oppor

tumsts, such as monilia, Proteus Klebsiella, and Pseudo-
monas organisms has taken place as a result of the admin-
istration of large doses of wide spectrum antibfotics as well
as penicillin especially when the former agents are given
over 2 long period of time or to debilitated patients. When
these organisms are found {n sputum 1n patients who have
received antibfotic therapy it is {mportant to differentiate
whether the observed organisms are actually involved in the
infection or whether they represent manifestations of or

ganisms which were orginally present, but whose appear

ance was made manifest only after the destructive effect of
the initial therapeutic agent on the associated flora. When
these organisms are felt to be truly {nvolved in the infection,
it is well to remember that in oitro sensitlvity tests are not
infallible and although such tests may indicate these organ
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fsms to be resistant to the various agents, there are on record
cases where clinically good results have been obtained with
the use of such agents as chloramphenicol, streptomycin, and
intensive penfcillin,

There seems to be a realization developmg that antibiotic
agents in general are extremely potent therapeutic tools and
that in the past there has been a tendency to use exces-
stvely high dosages Within recent years, there has been a
tendency towards smaller dosages, with, apparently no
sacrifice in therapeutic results

Unfortunately there can be no hard and fast rules set
down upon which ane can rely in every case for the suc
cessful treatment of chronic bronchopulmonary infections
However this appears to be generally accepted First, penl
cillin is the drug of choice for infections in which gram
positive organisms are fnvolved. Second, oral admnistra
tion of penicillin in dosages of one million units on an
empty stomach, two or three mes a day should be used
in place of parenteral fnfections where possible. Third, the
concomitant use of an antihistaminic drug is indicated when
intramuscular 1njection is given, and probably also in a small
percentage of allergic patients who are recelving the drug
orally Low dosage of the wide spectrum antibiotics is prefer
able to high dosage administered briefly Fourth, the recently
developed physical methods of accomplishing bronchial
drainage should receive noteworthy consideration. Adeguate
drainage of retained pulmonary secretions may be aided by
other measures such as the use of the head-down position and
bronchodilator aerosols.

The antimicrobial agents may so modify the disease as
to confuse the diagnosis As a result, we are seeing an in-
creasing number of patients in whom the classical signs
and symptoms of the disease are masked or modified by
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these drugs, notably syphilis mastolditis, and localized in
fammatory lesions in the abdomen For this reason it Is
sometimes advisable to discontinue all antimicrobial ther
apy in thoso patients fn whom the response has been un
satisfactory and in whom the diagnosis fs uncertain Not
only does this give the discase an opportunity to manifest
itself more definitely but also climinates the possibility of
drug toxdcity

DRUG RESISTANT INFECTIONS

The widespread and indiscriminate use of the antimicro-
bial agents has resulted in an increased number of drug
resistant bacterla This incrensed microbial resistance fol
lowing cxposure to an antiblotic not only holds for the
antblotic itself but also the possibility of the development
of cross resistance to other antibiotics exists In considering
this problem of drug resistant infections one must distin
guish between the natural and the acquired resistance of
microorganisms. Natural resistance or susceptibility to these
agents varies widely among bacterial species as well as
among different strains of a2 given specles. Acquired re
sistance for the most part results from continued exposure
to sub-inhibitory concentrations of these drugs The devel-
opment of resistance to streptomycin often occurs within a
period of a few days whereas very few organizms become
resistant to pemiefllin It is true that the incidence of pent
cillin resistant staphylacocele infections has increased rap-
1dly over a perlod of years (approximately twenty per cent
n 1843 to seventy five per cent in 1852 in hospltal infec
tions) but it is thought that this {s due to the reduction in
the number of naturally sensitive stralns thereby giving the
naturally resistant strains already present an opportunity to
become predominant.
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More recently Julius has enunciated a concept relative to
drug resistance which permits realistic appreciation of the
problem and raises the question as to whether it will ever
be possible to find antimicrobic agents that will not induce
resistance. An antimicrobic agent to possess specific killing
properties must be presumed to have the capacity to mter
fere with some part of a function which is vital to living
organisms (parasites) but not vital to the host. In both
instances such a function, or bypath must be more or less
remote from the most fundamental features of life itself
This immediately {mples the posaibility for bypassing the
function and, once this is realized, regardless of the manner
of its occurrence, there will be resistance In other words,
a substance incapable of inducing resistance would seem to
have little chance for possessing antimicrobial activity
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! ibiotics it is "tbatdmg:dwuldndbaabuml
That is dlﬂiadt in thess days of newspaper publicity ~

Sm ArExanoxr Froaane (May 21, 1053)

SUPERINFECTIONS

Statisties show that there has been a definite decline in
the number of patients suffering with infectious diseases in
this country during the past 100 years No doubt, such fac-
tors as improvement in general nutrition and hyglene better
housing, improvement m food handling and m water sup-
ply the decline in virulence of infecting organisms and in-
creased resistance to infections bave singly or in com-
binaton been responsible for these results The ques-
tion naturally arises as to the influence of antimicrobial
therapy upon the relative incidence of infectious diseases.
Unfortunately the wide therspeutic range of the antimi
crobisl agents has resulted in a failure in most instances to
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establish an ctiological diagnosis Usually the necessary
laboratory studics are resened for cases failing to respond
as anticipated to the initially prescribed therapy For this
reason accurato figures dealing with the treatment of large
groups of infectious diseases ore becoming increasingly dif
ficult to assemble and as o consequence, data regarding the
newer antiblotics are limited Diseases such as gonorrhea
and syphilis with established etiologies and with cffective
measures for prophylaxis and treatment are definitely on
the decrense Such conditions as classical pneumococcie
pneumonia are certainly duminishing in frequency in hos-
plital practice while there is an increasing proportion of
fnfections duc to gram negative bacteria In addition more
cases due to rickettsize fungl and protozea are being seen.
This apparent increase of infections due to the latter group
of agents may well be the result, at least in part, of the
introduction of new and more specific laboratory diagnostic
methods Nevertheless the importance of the effect of
antimicrobial therapy upon the indigenous bacterial florn of
the body is graduafly but certainly being recognized.
Normally the body harbors many organisms which tn small
numbers are not pathogenic relatively avirulent, and cause
no symptoms. When the normal ecology or microbiological
balance is disturbed by antimicrobial therapy such organ

isms may increase in numbers and invasiveness and give
rise to infections Occasfonally infections with mucro-
organisms usually regarded as non-pathogenic, will occur
during antibiotic therapy and prove to be insensitive to the
drug being employed. Such supennfections result from the
dislocation of the narmal bacterial flora of the sino-respir

atory gestrointesting], and genitourinary tracts Several
mechanisms to explain these superinfections have been pos

tulated (a) Administration of an antibiotic results in virtual
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elimination of susceptible organisms thus reducing the num
bers competing for aveilable food supply The resstant
organisms then vastly increase in numbers and overwhelm
the host s resistance (b) Normal flora supplies certain nu
trittonal requirements of the host. Disturbance in the normal
flora results in a nutritonal disturbence which modifies the
integrity of the mncous membranes, thereby opening a por
tal of invasion to organisms which normally are mnable to
penetrate the healthy mucosae. (c) Some antibiotics such as
chlortetracycline, are suspected of dmectly sHmulating
growth and virulence of C albicans with the ultimate pro-
duction of candidiasis The superinfections when they oc
cur are not correlative with the use of any one antibiotc.
Evidence exists to indicate that penicillin as well as chlor
amphenicol, and the tetracyclines may be involved. Hence,
the importance of bacteriological studies to follow the
changes in bacterial flora in various regions of the body in
patients being treated for infectious diseases
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Duagnosis of Infechious Discases

Early Diagnosis

Tne length of time that elapses between the onset of the
{nfechion and the beginning of treatment is ot necessarily
of prime importance except in those more serious diseascs
involving the blood stream, the meninges and the endo-
cardium Novertheless one should institute therapy as soon
as the clinical diagnosis has been made and the necessary
material hag been collected for laboratory study In many
cases of Infectious disease it is impossible to be sure of the
diagnosis when the patlent is seen for the frst time. Al

though antibiotic therapy need not be withheld until a
bacterial diagnosis has been established, there are occasions
when it is justifiable to walt for further developments in
order to arrive at a more accurate diagnosis or to see if the
condition will not improve spontaneously Today however
with the widespread use of antiblotics tha physician often
finds it difficult to withhold these “miracle” drugs at the
time of his fnitlal visit. The patient demands relief and the
relatives are {nsistent that something be done. To succumb
to these pleas it often literally a fatal mistake since these
therapeutic agents may so modify the disease as to con

fuse the diagnosis
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Accurate Diagnous

The dramatic effectiveness of the antimicrobial drugs is
responstble for a definite trend towards carelessness in clin
1cal diegnosis and an apparent disregard for the need of ade-
quatelaboratory studies Obviously there are many infections
which respond dramatically to antibiotics without benefit of
an accurate disgnosis In some instances the causative or
ganism can be accurately recognized without laboratory aid
by virtue of the characteristic clinical picture of the disease.
In others however the diagnosis is to a large extent one
of exclusion and in these cases it s often necessary to ac
cumulate considerable clinical, laboratory and x ray data.
It is in this group that the proper battery of laboratory
tests together with an adequate history and physical exami
nation aid greatly in establishing an accurate diagnosis

Enological Diagnosis

The unequivocal determination of the causative agent Is
one of the more important factors in the successful manage-
ment of infectous diseases Unfortunately the rather wide
antimierobic spectrum of antibiotics has resulted in a failure
m most instances to establish an etiological diagnosis Usu
ally the necessary laboratory studies are reserved for cases
failing to respond to therapy For this reason, exhaustive
data dealing with the treatment of large groups of infectious
diseases are becoming increasingly difficult to assemble.
Despite this certain patterns have developed which indicate
that certain groups of bacterla are more easlly controlled
by different antibiotics For example certain strains of
Klebsiellae are more sensltive to chlortetracychne than to
streptomycin  Many strains of staphylococel are resistant
to penicilin but will respond to erythromvem and the
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tetracy clines. Typhoid infections are best treated wath chlor
amphenicol. Not infrequently a unique situation exwsts
wherein an antibiotic with a limited range of activity is
the best drug for an infection, such as polymyxin in pseude-
monas infection In other words, successful antibiotic ther
apy is becoming n more specific form of treatment and de-
pends to a certnin degree on specificity of action—hence,
the importance of knowing the causative agent in each fn
fection in order to administer the most suitable antibiotic
Theoretically this should be done routinely but from a
practical standpoint, is frequently difficult to carry out.
Therefore there must be some middle road between tho
practice of giving antibiotics indiscriminately to everyone
with an elevation in temperature and that of withholding
antibiotic therapy until a definite diagnosis is established.
Certainly all serfous infections such as those {nvolving the
blood stream, the meninges the endocardtum and those
infections which fml to respond satisfactorly demand efforts
on our part to establish an etiological diagnosis

After the causative orgamsm has been isolated and identi
fied, antibiotic therapy can be selected intelligently for most
infections without resorting to sensitivity tests provided
there is an awareness of the comparative antbictic sus
ceptibility of groups of bacteria and the pharmacology of
the antibiotic agents. The need for specific susceptibility
testing {s more cntical when dealing with organisms dif
ferent strains of which are known to exhibit wide variation
In individual antibiotic susceptibility It appears to be gen
erally true that strains of gonococe! pneumococel, and
group A hemolytic streptococei are quite wniform in their
susceptibility to a given antibiotie Other organisms such
as staphylococel, enterococel and gram negative urinary
tract pathogens differ widely in their antiblotic sensitivity
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Although the determination of bacterial sensitivity to anti
biotics is & widely employed procedure, 1ts results may be
musleadmg to the physicien unless properly interpreted.
The usefulness of these tests is based on the assumption
that the effectiveness of the vardous chemotherapeutic
agents as seen in in oifro tests parallels the therapeutic re-
sults in olpo and, while such an assumption may be valid
for the most part, there are excoptions Clinical results are
of course, influenced by the degree and extent to which the
particular antibiotic s distributed in the body and it is not
an uncommon experience to find that the clinical effective-
ness may differ from the results reported in in offro tests
In this connection, the clinical activity of penicillin is
especially lkely to be underestimated in in oitro tests In
fections due to a stram only shghtly susceptible to concen
trations of pemcillin employed in laboratory tests may clin
{cally respond rapidly to penicillin because of the uniformity
of blood and tissue concentrations readily maintainable in
vivo with the drug In general, it is wise to consider re-
sults of senmtvity tests as determined routinely in most
labaratories solely as quahtative guldes to distinguish sus-
coptible from nonsusceptible organisms and to select the
antiblotic to be used on the basis of location of infection
in relation to drug pharmacology and state of the patient.
In order to provide more rapid information to the phyzl
cians we are employing the following routne in our labo-
ratory Organisms are tested by disk for inhibition by ar
lack of it to penlcillin, streptomycin, erythromyein, chlor
amphenicol, and the tetracyclines at the concentration
equivalent to blood concentrations easily obtained by
moderately intenstve chemotherapy Results are reported
1 terms of sensitive or resistant. An organism found re-
sistant to any of these agents by theso methods is studied
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by serfal tube dilution for more quantitative determination
of inhibiting concentration. Because of tho uniform high
susceptibility of streptococel {enterococei excluded) paeu
mococci H influen.ac and Neisserine these organisms
are not tested routinely for response to antibiotics However
all staphylococel enterococei coliforms Shigellas Proteus
Sal Tlae and Klebsicllac organisms are studied. In addi
tion all organisms isolated from cases of subacute bacterlal
endocarditis are tested for penicillin  streptomvein and
erythromycin sensitivity by serial tube dilution technic

In addition to the above, bacteriological studies show
that the physician must be familiar with the progress which
continues in the field of infectious diseases and that new types
and new distribution of ctiological agents are calling for new
diagnostic methods. Not only must the matertal for study be
collected properly but such information as the stage of the
discase or duration of iliness pertinent signs and symptoms

and the type of therapy being employed should be recorded
also

Clinical Diagnons

The dingnosis of infections cannot be made solely from
laboratory studies It remains for the physiclan to deter
mine the etiology not only from these findings but from a
detailed history and careful physical examination

History Tahing

One of the most important steps in arriving at a diag
nosis is to recognize and note the earliest symptoms of the
disease. Not infrequently a properly taken history will nar
row the diagnostic search to a few important diseases It
is for this reason that the genernl practitioner is {n an en
vinble position to record such facts before starting chemo-
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therapy which greatly adds to the stock of common knowl
edge Today becauss of the wide therapeutic effectiveness
of the antimicrobial agents most infectious diseases are
treated successfully at home. No doubt, the accuracy of
future medical literature dealing with mfectious diseases
will depend largely upon those who see the patient mitially
and record not only the disease but the action of the drugs
employed. Therefore the mportance of a thorough history
caunot be overemphaszed. Not mfrequently valuable in
formation pertaining to the patient s {llness can be elicited,
not only from the patient, but from other members of the
family Today we are often too busy to take a detailed
history before starting treatment.

Physical Examination

It has been said facetiously but with some degres of
truth, that if a patent does not improve after forty-eight
hours of antimicrobial therapy a physical examination
should be performed. Certainly no patient should receive
any therapy without first having o thorough physical ex
aminetion. It is true that not infrequently the only abnormal
physical finding in a case of infectious disease is that of
fever However this does not excuse the physiclan fram
thoroughly examining all parts of the body for possible
diagnostic clues Although the common denominator In
systemic mfections is fever it does not follow that all fevers
are due to infection, although in this chemotherapeutic age
there is a growing tendency to treat all fevers as such untll
proven otherwise. If perchance the therapeutic test is tn
successful, then one is confronted with the problem of
amiving at an accurate diagnosis It is in this so-called
failure group that we meet most of our diagnostic problems
today Fortunately however most infections, 1f untreated,
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will soomer or later give nse to characteristic symptoms
physical findings or abnormalities of laboratory tests which
talen singlv or together will point the way towards an ac-
curate dingnosis Thero are probably fewer cases of fever
of undetermined ctiology since the advent of modem ther
apy because many Infections are eradicated by these agents
without thelr exact location or nature being known As
mentioned previously recognition of most infectious discases
is not difficult since fn many instances the causative organ
ism can be accurately recognized without bacteriological
proof by virtue of the classical chnieal picture resulting
from the Infection. Here again is a demonstration of the
fmportance of recognizing and recording the early signs of
the discase

Failure to examine the throat is a glaring sin of omission, especially
tn children. One finger in the throat and one in the rectum makes a
good disgnostician,

Sm Wirtam Omxn (1848-1916)

FOCI OF INFECTION

The problem of focal infections represents one of the most
important factors 1n the treatment of patients suffering with
infections The concept of focal infection in relation to
systemic disease is now firmly established Any localized
infection 13 potentially a focus from which bacteria, their
toxins or other dissoluted products may at any time, spread
olg the contiguous tssues blood stream, and lymph channels
to induce an infection in communicating or distant tissues
or to sensitize them. No doubt such factors as overfatigue,
malnutrition anemia, and preexisting tissue damage else-
where in the body play important roles in the development
of systemic infections from such foct Furthermore the
treatment of certain disenses with ACTH and cortisone
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indicates that alterations in physiological phenomena also
play an important part It is unreasonable to expect, there-
fore that the removal of focal infections will eliminate a well
established disease process which 1s characterized by fibrosis
or tissue necrosis Nevertheless it iy tmportant to obtain an
accurate history and to perform a careful physical examina
tion in hopes of detectmg a possible focus of infection.
Certainly a history of recurrent bouts of furumculosis,
darrhes, deafness running ear or a recent tooth extraction,
as well as many other leads will often be helpful in this
regard. Undoubtedly many potential or established foci of
infection may and can be successfully eradicated with the use
of the antimicrobial agents alone. For this reason many
unrecognized focl of infectfon are erdicated without their
exact location or nature being known. On the other hand,
it should be remembered that antimicrobial agents may
modify a disease so as to confuse 1ts diagnosis so that at
present we are seelng an Increasing number of patients i
whom the classical signs and symptoms of disease are
masked or modified by these drugs In other instances, the
nature of the disease process is such that these drugs are
relatively ineffective. It is In this last group particularly
that every effort must be made to detect and eradicate the
focus of infection. Thus keeping in mind the fact that
regardless of the proven prophylactic and therapeutic effec-
tiveness of the antimicrobial agents, they are not to be used
to the exclusion or neglect of other proven forms of therapy
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Antmucrobal Therapy  of Speafic Infectious
Discases

SUPPORTIVE TREATMENT IN
INFECTIOUS DISEASES
Recaroress of the proven value of the chemotherapeutic
agents they are not to be used to the neglect or exclusion
of established supportivo forms of therapy

Rest in Bed

Not only does the recumbent position lessen malaise and
relieve the sense of fatigue, but the work of the heart,
kidneys and liver is reduced Blood flow to the kidneys and
liver tends to be greater in the recumbent posidon. When
tho patient is ready to resume activity he should be allowed
to do 5o gradually Bed rest has certain disadvantages
namely diminished respiratory excursions which may lead to
atelectasis and a sluggish blood flow predisposes to phlebo-
thrombosis n the lower extremities Furthermore prolonged
confinement may have an unfavorable psychelogical effect
on the patient.

Nurnng Care

Good nursing care is often the difference between success
or faflure in certain serfous ilinesses Patlents must be tumed
from side to side at frequent {ntervals and encouraged to take
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deep breaths The sheets should be dry and free of wrmkles
The fluid intake must be overseen. Hyglenlc measures such
as mouth washes and cleansing of the lips teeth, and tongue
must be carried out. Frequent change of bedding and mght
clothes where profuse sweats occur is essential,

Diet

In many febrile illnesses of short duraton, diet is of little
importance whereas in a prolonged febrile illness it con-
stitutes a very mmportant factor i the patients recovery
The utlization of vitamins and foods rich mn protens and
carbohydrates has a role in the patients recovery

Flurd Intake

During fever there Is increased loss of water vitamins,
calories and electrolytes so that it 15 necessary to replace
these essentials When this cannot be done by mouth, it is
necessary to resort to parenteral therapy

Carc of Bowels and Bladder

Fecal mpactions gaseous abdominal distentions, and
overfilled bladders constitute real handicaps in the recovery
of a seriously {ll patient. Hence, the importance of meas
ures to prevent and alleviate the same namely mineral
oil, enemns rectal tubes application of hot turpentine
stupes or flaxseed poultices the use of pituitrin like drugs,
and early catheterization

Symptomauc Treatment

When the temperature becomes very high, above 104 F
(40 C) or when delirfum {s present, attempts should be
made to reduce the fever The use of antipyretics such as
acetylsalicylic acid, and sponging with alcohol are both
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useful Tn addition febrile illnesses are often accompanicd
by headache, photophobia, sleeplessness ete and in such
cases the usc of cold compresses or codeine darkening the
room and the use of barbiturates is often helpful

ANTIMICROBIAL THERAPY OF SPECIFIC
INFECTIOUS DISEASES

SinonesrmATORY TRACT INFECTIONS

Infections of the respiratory tract are encountered more
often than any other group of discases in the practice of
medicine  Although modern antimicrobial therapy has re-
duced the morbidity and mortality in a spectacular manner
in many types of respiratory tract infections this group of
discases as a whole still represents a real challenge, espe
cnlly the management of certain chronic bronchopulmonary
discases

The Common Cold

At this time more patients recelve antimicrobial agents
for the common cold, coryza, than for any other disease
although as yet none of these agents has been unequivocably
demonstrated to have a favornble effect in the treatment or
prevention of the uncomplicated common cold. The reasons
for this Indiscriminate prachice are the bellef that such
measures will prevent the development of secondary bac
tenial infections plus the physicians and patients urge for
specific therapy in place of supportive measures Hence
the routine use of these agents for the treatment or preven
tion of this diseass does not seem warranted. However in
cases in which bacterial complications are present, or where
past experience would suggest that they may occur in certain
individuals or during perlods {n which there is a high prev
alence of infections due to susceptible bacteria, ome is
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justified in employing one of these agents Since the infec
tion Is often a mired one therapy with & wide spectrum
antiblotic seems indicated (tetracycline or oxytetracyclina,
orally 250 mg every six hours) or In cases where gram
positive organisms are the chief offenders, penicillin by
mouth, 250 000 mits every six hours Additionally erythro-
mycin 200 mg orally every four to six hours may be used
effectively

Ozena

The question of bacterial origin 1n ozena 15 stll unsettled,
although Kigbsiella organisms ars frequently found. While
favorable results have been reported following the use of
streptomycin, 1 Gm daily for ten to fourteen days, recur
rences are frequent.

Sinuntis—Otns Media—~Mastoiditis

Although antimicrobial therapy has frequently elminated
the necessity of surgical interference in the successful man-
agement of acute infections of the paranasal sinuses middle
ear and mastoids the fact remains that adequate drainage,
either by the creation of an adequate nasal passageway by
use of suitable agents, or surgical attack, constitutes the
essentials of therapy Supplemental antimicrobial therapy
nevertheless plays a {mportant role in the medical and
surgical management of such cases.

Maost acute sinus infecHons represent but part of a general
ized upper respiratory tract infection which is viral in origin
and 15 not influenced by antumicrobial therapy However
when the erudate becomes purulent, it usually indlcates a
bacterial {nfection and antibiotic therapy should be insti
tited. Most of these infections are due to ane of the gram-
positive bacterla and penicillin is usually effective. In
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general procaine penicillin, 300000 to 600 000 units daily
for five to ten days and longer if neeessary or in severo cases
aqueous penicillin G 200 000 units cvery threo to four hours
are recommended In view of the potentfal intracranial
complications, it is ndvisable to carry out careful sensitivity
studics on the infecting agent, or agents as a mixed infection
or o penidllin resistant organism calls for a wide spectrum
drug (tetracycline or oxytetracycline 250 to 500 mg. cvery
four to six hours)

Otitis Media

Most cases of acute otitis media are due to streptococel
with pneumococct and staphylococel next in frequency
Onco the diagnosis is made, constant observation is indicated
and the presence of increasing pain, elevation of temper
ature and cvidence of fluid or bulging requires more than
symptomatic therapy In such cases incision of the tym
panic membrane and antimicrobial therapy are indicated.
No doubt, many cases wall respond to antibiotic treatment
alone, but in our experience the acute otitis media which
requires drug thernpy also requures dralnage Procaine peni
cilhn 300 000 to 60O 000 units daily for four to seven days is
usually sufficient, although sensitivity studies may reveal that
tetracycline or oxytetracycline 250 to 500 mg. every four to
six hours iz indicated.

Mastoiditis

Most cases of acute mastoiditis are secondary to infections
in the middle ear and the treatment is essentially the same
as outlined above for acuts oftis media. Close clinical,
ostascopie, and x ray observation is extremely important in
this disease, In that the masking effect of the antibiotics
will at times confuse the picture and intracrantal complica
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Hons may develop This is particularly true in acute mas-
touditis associated with certain meningeal mfections, espe-
clally pneumococeal meningihs

Pertussis

Although certain of the antmicrobisl agents are effective
agawnst H pertussis in vitro the fact rematns that once the
infection sets m, the elminaton of the causative agent does
not greatly affect the course of the disease Nevertheless,
the early admimstration of one of the wide spectrum ant
biotles tetracycline or oxytetracycline 50 mg kg body
weight in divided doses every four to six hours, for five to
seven days may reduce the severity of the infection. Pemcillin
is indicated in the treatment of some complications

Acute Pharyngitis and Tonsillids

The type of acute pharyngitis most frequently encoun-
tered is that associated with the common cold It is not
amenable to treatment with the antibioties and is best
handled by local therapy with hot saline gargles. In contrast
to this type of sore throat is pharyngitis due to the strepto-
coccus, which is characterized by systemic toxicity and, re-
gardless of the severity the patient should receive antibiotic
therapy preferably penicillin, orafly 250 000 units every four
to six hours or procame penicilhin 300 000 to 600 000 umits
daily for five to seven days Erythromycin 200-400 mg orally
every four to six hours or tetracycline or oxytetracycline 250-
500 mg, orally every four to six hours may be used effectively

Acute Laryngotracheobronchitis

Acute infections involving the larynx, traches, and/or
bronchi are tn themselves usually mld and of short duration.
However there is always the danger of the infection extend
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ing into the lung parenchyma causing pncumonia, especially
In mfants and debilitated or clderly patients with pre-
existing pulmonary or cardiac discase  Although the infec-
tion s often preceded by a common cold many cases begin
directly with a pvogenic infection due to one or more organ
fsms such as streptococel, pneumococei staphylococel or
H influen.ge  Since the infection is often a mixed one,
therapy with a wide spectrum antibiote is indicated Tetra
cveline or otvtetracyeline 250 to 500 mg. every four to six
hours
PuLatonamy INTECTIONS

Pneumontia

Pncumonia is no longer considered a single disease entity
but rather as a group of specific infections with a common
denominator namely an exudative inflammation involving
one or more lobes of the lung  In general, pneumonias may
be classified as bacterial, vira, or rickettsial.

Bacterial Pneumonias

Although a larger proportion of cases of milder atypical
pneumonias fs now recognized and the mortality from
classical pneumococcal pneumonia has dropped strikingly
there is stll a significant mortality from bactedal pneu
monia, particularly among the aged From the standpoint
of management, it matters little whether the pneumania is
lobular or lobar but it is essentfal to determine the causative
organisms  Hence, for this discussion we shall employ a
dassification based on etiology rather than on anatomical
distribution, or pathological character although one finds it
rather difficult to clasxify the different forms of bacterlal
pneumonias on this basis as not Infrequently more than one
pathogen may be respomsible for the infection Bacterial
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pneumonias may be grouped into three main types. Ihe
first group comprises the so-called primary pneumonia—
pueamococeal, streptococeal, staphylococesl, H #nfluenzal,
those due to Klebslellas and tuberculous, of which the
pneumococcal 15 the prototype Although classical pnen
mococeal pneumonia appears to be dimnishing in fre-
quency the pneumococcus stll remains the commonest in-
vader of the lungs However within recent years, there has
been a marked increase in the number of pulmonary infec-
tons due to the Kighsiells group of organisms, The reason
for this increased incidence of Klabsiella pulmonary disease
may be due to improved case finding, both chnical and
bacteriologic and/or as a result of disturbance of bacterial
homeostasis by the widespread use of such entibiotics as
penicillin with resultant superinfection by Klebstells pneu
monige. In the second group are included the few bacterlal
pneumontas which are the result of systemic infection ty
phoid fever tularermia, and brucellosis There has been in re-
cent years a striking decline in incidence of pneumontas of the
first group and the third group (including as it does infec
tions secondary to disturbances of pulmonary function pro-
duced by bronchial obstruction atelectesis aspiration, stasis
and the like) has become the most numerous and most
important,

Treatment of Pneumonias

Since pneumonia s no longer considered a disease entity
but rather an organ response to a variety of etiological
agents, we find that its treatment in general is the same for
all types It mcludes the seloction of the proper anti
mierobial agent, in additton to good nursing care, rest,
nutrition, and symptomatic relief The length of time that
elapses between the onset of pneumonia and the beginning
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of trcatment is of great importance, especially m persons
over the age of fifty and those with heart discase tubercu
losis  diabetes mellitus  alcoholism  or similar chronfe
disenses Hence one should institute therapy as soon as the
clmécal dingnosis has been made and the necessary material
has been collected for laboratory study The physical find
ings of consolidation in a typlcal fully developed case of
pocumococeal lobar pneumonia are characteristic, but seem
to be infrequently encountered n recent years In many
cases physical examination rex cals only impaired resonance
or rales without classical bronchial breathing, Xy ex
amination is desirable in order to demonstrate the cxtent
or density of pulmonary involvement The clintcal ond
roentgenological findings in the pneumonias due to various
bacteria are rarely sufficiently charncteristic to suggest the
etiological diagnosis. However the classical history (sudden
onset of chills and fever pain in the side cough, and ex
pectoration of rusty sputum) and the physical findmgs as
described above when encountered are, of course suggestive
of pneumococenl pneumonia. Furthermore a history of a
severo sore throat for several days preceding the pneumonia
would suggest a streptococeal affair The demonstration of
multiple cavities by x ray examination should direct suspi
cion toward staphylococel or Klebsiellae as the causative
agents

Pncumococcal Pneumonia

It would appear that penicillin in almost any dosage and
form will give excellent results in the treatment of pneu
monia due to the pneumococcus The three schedules which
appear most useful are the administration of aqueous crystal
lino penicillin (100000 units every elght to twelve hours)
the daily infection of procaine penicillin preparations
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(300 000 to 600 000 units) or orel penicillin tablets—250 000
units every three to four hours or pills containing 300 000
units of penicillin and 075 Gm. of benemid every snx to
eight hours The length of therapy is dependent upon the
individual case, although 1n most Instances treatment should
be continued for five to seven days In those cases not
amenable to penicillin therapy one may employ one of the
other antibiotics preferably tetracyclme or oxytetracycline
500 mg every six hours by mouth or erythromycin 200-400
mg every four to six bours by mouth

Streptococcal Pneumonia

Most cases of pneumonia due to the hemolytic strepto-
coccus will respond well to penicillin therapy or in penicillm
sensitive patients one of the wide-spectrum antibiotics as out
Imed for pneumococeal pneumonia. However the response 1s
not as dramatic and drug treatment 1s of necessity given over
a longer period of time (ten to fourteen days)

Staphylococcal Pnsumonia

Staphylococcal pneumoma represents a serfous form of
pneumonis, in that it is not Infrequently hematogenous m
nature and may be rapidly fatal unless disgnosed and
treated early Penicillln crystellne G intramuscularly
300 000 wnits every two to thres hours Is often successful,
but, in view of the increasing number of penicillin resistant
staphylococcd it is important to employ sensitivity studies
early in this illness Erythromycin 800 to 500 mg every
four to six hours represents the best drug if penicillin is
ineffective or cannot be used. Treatment with either ant!
biotic is usually required for fourteen to twenty-one days,
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Hemophilus Influenza Pncumonia

Hemophflus influenza pneumonia {s seen as a frequent
complication of acute laryngotracheobronchitis in infants or
as o primary disease in both infants and adults The prog
nosis is usually good, except in the very young or in debill
tated persons Since the causative organism is suscoptible
to the broad spectrum antiblotics good results have been ob-
tained with tetracycline or oxytetracycline 250 to 500 mg. by
mouth every four to six hours depending on the severity of
the infection

Klebslella Preumonia

Klebsiella infections of the lungs represent the most chal
lenging problem in the antimicrobial therapy of bacterial
pueumonias. First of all, the diagnosis of Klsbslella pul
monary disease fs a difficult one to make in many instances
The disease may be acute or chronic with often a spectram
of gradations between the acute fulminating case and the
insidious chronic one. Some of the chronic cases probably
were zcute at one time or another and represent those who
do not die in the acute episode nor resolve completely It
is therefore not proper to consider the acute case as an entity
different from the chromic one. Klebsislla pneumonia may
be likened to pulmonary tuberculosis in that the infection is
resistant to therapy and tends to produce necrosis and fi
brosis. According to some investigators sulfadiazine 1 Gm
every four hours has been effective If given early in the dis-
ease, however this experlence is not uniform Certainly
peniciliin is of no value and there is reason to belleve that
it may be of some hann as far as subsequent antibiotic ther
apy is concemned. Successful results have been obtained
with streptomyein 1 to 2 Gm. daily intramuscularly and
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members of the tetracycline group 250 to 500 mg. every
four to six hours  Also encouraging results in our clinic have
been observed with the use of a combmation of chlortetra
cycline oxytetracycline and chloramphenicol (COC) Re-
gardless of the drug therapy employed, it must be given over
2 relatively long period of time five to ten weeks Neverthe-
less it appears that Klebsiells pneumonis, like tuberculosis,
is not amenable to complete cure with the now available
antimicrobial agents that many cases will relepse and a
definite proportion of cases will march to their death be-
cause of poor natural resistance for which drugs cannot
compensate or because of excessive virulence of the
organisms

Pneumonia Due to Mixed Infections

As the frequency of primary bacterial pneumonfa dimin
ishes it should he recognized that an ever increasing propor
tion of pneumonias will be formd to be due to mixed m
fection, and in such cases 1t is mandatory that g search be
made for underlying factors predisposing to pneumonia. In
every patient who has had recurrent attacks of pneumonis,
especlally if the same lobe has been repeatedly involved, the
likelihood of bronchial disease is strong Bronchiectasis,
bronchial adenoma, bronchogenic carcinoma and atelectasis
of other cause must be excluded in such cases In an aging
population constant vigilance must be maintained for pul
monary neoplasm which in 1its early stages may produce or
sunulate a pneumonic process. Another disease increasing
in frequency as a cause of chest pam blood expectoration,
and fever is pulmonary mfarction In our expenence, many
so-called postoperative pneumontas are actually the result of
embolism and a considerable proportion of pneumonias oc-
curning under other crrcumstances prove to be infarction
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Since most of these pulmonary infections are duc to mixed
organisms treatment with tetracycline or ovytetracycline 250
to 500 mg. every four to six hours scems advisable Not in
frequently the responsc to therapy Is not dramatic and it is
often necessary to continue drug therapy for relatively long
periods of time ten to fourteen days In postoperative cases
infants alcoholics, or elderly patients with Impaired reflexes
in which a therapentic response is lacking onc naturally
thinks of an aspirative pncumonia and appropriate proce
dures should be instituted

Management of Complications

A search for complications should be made in every pa
tient with bacterlal pneumonin who does not respond
promptly to chemotherapy Most frequently encountered
are pleural complications.

Pleural Effusions

Small asymptomatic plenral effusions are common accom
paniments of pneumonia but scarcely deserve the title of
comphcations smce treatment is not required. Moderate
sized or massive pleural effusions occur not infrequently In
the majonty of instances of bacterial pneumonia these of
fusions are responsible for few symptoms so long as ant
biotic therapy 1s continued. Aspiration usually reveals a
clear or only slightly cloudy fluid which is sterile on cul
ture. Large sterile exudates of this type were not encoun
tered prior to the development of chemotherapy and they
may be properly consldered a new entity best designated
as the sterile postpneumonic effusion  Many such effusions
particularly those of moderate size will resorb without local
thernpy under contlnued systemic administration of anti
bioties The larger effusions present o more serious problem.
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So long as systemic antibiotic therapy Is continued, the o
fusion remains sterile on culture and the pabent remains
afebrile, but after the termination of antibiotic treatment,
symptoms develop and aspiration may then reveal frankly
purulent fluid. In patients with persistent large sterile effu
sions which recur after repeated needle aspiratons it may
be assumed that the pleural space cannot be obliterated by
expansion of the lung because the lung has become incar
cerated in a fibrinous envelope Treatment under these cir
cumstances should consist either of surgical decortication or
the employment of streptococcic enzymatic debridement.

The management of frankly purulent effusions or empyema
has been revolutionized during the last decade by the intro-
duction of penicillin, streptodornase and surgical decortica
tion. There is no longer a place for tube or open drainage
m the treatment of empyema. A majorty of empyemas can
be successfully treated medically by daily aspiration and
instillation of 50 000 units of penicillln m addition to high
level systemic penicllin therapy If the aspirations are per
formed skillfully and regularly reexpansion of the lung can
usually be secured without loculation If despite instillation
of peniaillin, the hmg fails to reexpand because of fibrin
deposits enzymetic decortication by use of streptodornase
should be attempted If all efforts at medical therapy are
unsuccessful, surgical intervention Is required. It should be
emphasized that the role of surgery is not, as in the past, to
control infection by drainage. Control of infection is as &
rule effected by antibiotic therapy and surgery is required
only to decorticate the hug in order to permit obliteration
of the pleural space

Abscess of the Lung
The need for surgical drainage of pulmonary abscesses is
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cqually rare at present, as systemic antiblotic therapy in high
dosage will control most abscesses complicating pneumonia.
Occasionally Intracavitary instillation of penicillin may be
attempted in large abscesses which are readily accessible to
needle aspiration  If these methods fail to secure closure of
the abscess cavity thoracotomy and pulmonary resection
may be carred out with greater safety and better preserva

tion of pulmonany function than could have been achieved
by surgical drafnage A word of waming is in order how

ever concerning the medical treatment of pulmonary ab-
scess We have trented several patients with large pulmonary
abscesses and have obtained by prolonged systemic penicil

hin therapy complete resolution of the inflammatory process
so that the ordinary roentgenogram appeared normal. Use
of planigrams and bronchograms however revealed residual
cavities. This finding presumably accounts for the counsider

able frequency of relapse after apparent medical cure of
pulmonary abscess Obviously in those cases presenting
penicilin resistant organisms the choice of antiblotic is
dependent on the identity of the infecting organisms and
their sensitivity

Meningitis

Meningitis is now a relatively uncommon complication of
pneumnonia. Lumbar puncture is indicated whenever neuro-
logical migns suggest possible meningeal irritation but in
most instances frank meningitis will not be found. (For
treatment see chapter on Infections of Central Nervous
System )

Acute Bacterial Endocarditis

Acute bacterial endocarditis complicating pneumonia can
readily bo controlled by adequato doses of antibiotics if the
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presence of this complication is recognized before extensive
valvular damage occurs (For treatment see chapter on
Infections of Cardiovascular System.)

Purulent Pericarditis

Purulent pericarditis should be treated by local instillation
of penicillin as well as by systemic administration in high
dosage

Pneumonias usually occurnng with systemic disease, tu
berculosis typhoid fever tularemia, and brucellosis are dis
cussed under the specific disease. (For treatment see chap-
ter on Infechons of Cardiovascular System.)

Nonbacterial Pneumonias
Primary Atypical Pneumonia

During the past few years a type of pneumonia of doubt
ful etlology has received comsiderable attenton. A variety
of names have been used in designating this type of pneu
monia infection and, because of the failure to isolate a com
mon pathogenic bacteria, the term virus pneumonia has been
widely employed. Although there is some experimental evi
dence to justify this term, the etiology is by no means estab-
lished and until the causative agent, or agents are deter
mined the disease is best referred to as primary atypical
pneumonia, etiology unknown. Such a term differentiates
this type of pneumonia from those atypical pneumonias
caused by known agents which produce a similar clinical
syndrome such as virus influenza A and B omithosls,
psittacosis meningopneumonitis and rickettsiae.

In view of the unpredictable course of events in patients
suffering with primary atypical pneumonia, any improvement
following therapeutic mensures may be considered incidental
to the natural course of the disease Although there is no
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specific therapy for this discase there havo been reports
suggesting that ono of the tetracyclines (250 mg cvery four
hours) had a favorable effect on the course of the discase
and is worthy of trial in the more scvere cascs

Epidermc Influenm

Antibiotics are of no value in the treatment of an uncom
plicated casc of epidemic influenza and are of doubtful value
in preventing certain complications of this discase but are
uscful in the treatment of such bacterlal complications as
otitis medin, sinusitis and pnoumonia In view of the rela
tive frequency with which these bacterial complications oc
cur in the extremo of life and in debilitated individuals it
{s common practice to employ one of the wide spectrum
agents prophylactically preferably tetracycline or oxytetra
cycline 250 to 500 mg. orally every four to six hours in such
fnstances as well as in the treatment of the bacterial com
plications
Pattacous (Orithous)

The development of symptoms and signs indicative of an
atyplcal form of pneumoma in a person who has recently
had contacts with parrots parrakeets pigeons and the like
should suggest the possibility of psittacosis. At present, the
bLest therapeutic results have been obtained with chlortetra
cycline 250 to 500 mg. every four to six hours by mouth for
atleastten days Intravenous chlortetracycline 500 mg, every
twelve bours may be used In selected cases

Chronic Bronchopulmonary Infections

The treatment of chronic infections of the respirator,
tract represents the outstanding challenge to the practicing
physician so far as infections of the respiratory tract are
concerned. In such cases as chronic bronchitis hronchiec
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tasis and chronic pneumonitis it is often difficult to be sure
which organisms are pathogens and which are harmless
saprophytes Therefore the antimicrobial agents cannot be
adminfstered as rationally as in, for example, scute pneu
mococcal pneumonia and, for this reason the treatment of
these chronic infectons is to some extent a matter of shots
m the dark

Obviously the possibility of drug resistance and toxicity
and the development of new infecHons with resistant organ-
isms especally staphylococcus aureus and Klsbsiella, repre-
sent the major problems in the treatment of chronic diseases
of the chest. It is probable that the damaged broncht, except
m early cases, never return to normal as a result of antl
microbial therapy but symptoms may be abated tempo-
rarily and when these recur as a result of reinfechon subse-
quent treatment may yield similar results

Since gram positive organisms are responsible for the
mafjonty of such infections penicillin has been used most
beneficially particularly during the acute flare-ups, although
its use has proved disappomting over lang periods of tme.
For this reason 1t is necessary to interrupt peniciliin therapy
and employ one of the tetracyclines erythromycin, COC
or a sulfonamide in order to control the infection

Although there can be no hard and fast rules set down
which one can follow n every case of chronic bronchopul
monary 1nfection, the following are generally accepted.
First, pencillin Is the drug of cholce for infections in which
gram-positive organisms are involved. Second, aral admin-
istration of penicillin {n dosages of 500 000 units every four
to six hours is preferable to parenteral injections. When
tntramuscular penicillm {s indicated, the concomitant use
of an antihistaminic drug is advisable. This is also applicable
in a small percentage of allergic patients who are receiving
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out [rritating the tissue membranes or inducing toxic re
actlons The comparative lack of success of theso attempts
can be appreciated when it is realized that until two decades
ago acceptable therapeusis of gemitourinary nfections re
volved about mandelic acid methenamine arsenicals alter
ations of urinary pH and forced flulds with none of thess
betng wholly satisfactory Since then, however the roster
of agents with spectfic activity against invaders of the genito-
urinary system has been vastly enlarged by the discovery
first of the sulfonamides and later the antibiotics. As a
consequence, the response of genitourinary mfections to
these newer antibacterials as seen today is understandably
spectacular in comparison with the responte seen before
their mtroduction And yet, while specific genital infections
have ylelded almost completely to antimicrobfal agents an
equivalent degree of success has not been observed in infec
tions of the urinary tract Whils the period of disability and
suffering formerly associated with the Iatter Infections has
been sharply reduced it is not an uncommon expenence
that a significant proportion of urinary tract Infections still
fail to improve during antibacterial therapy or recur after
variable perfods of time following discontinuation of ft.
Obviously this situstion is incapable of improyement unless
the factors contributing to these therapeutic faflures are
known and understood

Factors Contributing to Therapeutic Failures

Many simple and ahnost all persistent or recurrent Infec-
tions of the urinary tract are related, directly or otherwise,
to its functional disorders Quite obviously antibacterial
therapy of these Infections 1s secondary to correction of the
basic disorder which in turn presupposes accurate recogn
tion of the fundamental cause of the dysfunction The by
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drostatic relationship of flulds m the varlous tissues and
organs of the unnary tract may be so profoundly altered
by obstructions tuberculosts, foreign bodics tumors fistulne
congenital anomalies cte., as to produce abnormalities in
their physiology and bacteriology  In addition anv obstruc
tive pathology may In ftself act directly ns a focus of
infection

One of the commonest predisposing causes of and ob-
stacles to recovery from, urinary tract infections is urinary
stasis It is well recognized that complete recovery from
unnany tract infection is not to be expected until appropr
ate measures have been talen to remove all pathologie
lesions or yemeds any condition which interferes with free
unnary drainage

Foa of infection centered in other areas of the body also
have a beanng upon urinany tract infections In addition
to being possible reservoirs from which infection spreads to
the urinary tract, they may by reducing the patients re-
sistance or immunologic capacities predispose to infection
of the tract

From the foregoing it is apparent that the degree of suc-
cess of any anttmicrobial therapy will depend primarily
upon the determination of the existence and location of all
lesions which interfere with free uripary flow and the rec
ogmtion of foci of infection in contact with, or draining
fnto the urinary tract.

Therapeutic faillure quite frequently results from the use
of inadequate dosage of the antibacterial agent. In urinary
tract infections the offending organisms are not only present
in the involved tissue but also in the urine Obviously re
moval of organisms from one site and not from the other
will, at best, result only in temporary remission of the in
fection Quite frequently the selection of an antibacterial
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agent for use in a urinary tract infection is based on the
demonstration that it is excreted in the urine in high con
centration and consequently can be expected to be effec-
tive This assumption is probably valid if the primary
intention is to sterilize the urine It should be remembered,
however that recommendations as to dasage are based on
in vitro laboratory determinations of the urinary concentrn
tion of antibactenzl agents which inhibits various test or
ganisms Since substances excreted by the kidney are more
concentrated in the urine than in the blood serum or tissue
fluids the demonstration of an inhibitory urinary concen
tration is no guarantee of the existence of a therapeutic
blood or Hssue concentration. Hence, the selection of an
antibacterial agent and the dosage in which it is to be used
should be based not only on the attainable urinary concen
tration but also on the attamnable tissue concentratian. The
existence of barriers such as round cell inflltrations, clea
trices impaired renal function or vascularization, mitigating
against effective saturation of the tissue with the antibac
tenal agent, must also be considered.

Therapeutic faflures are also attributable to resistance of
the invading organisms to the entibactenal agent. Here it
is important to distinguish between natural and acquired re
sistance. Natural resistance reflects the ability of an or
ganism to withstand the mhibitory effects of the antibac
terial agent prior to expasure to it. From a practics]
standpaint, the definition is referable to resistance to body
fluld or tissue concentrations attainable with dosages that
are unattended by serious toxic manifestations. Acquired
resistance refers to the ability of an organism to withstand
the inhibitory effects of an antibactenal agent, an ability
which was not apparent prior to exposure to the agent but
bocame evident following this exposure For example, gram
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negative bacilli, such as E coll are naturally resistant to
penicillin {¢., penicillin concentrations attainable with
moderate penidllin dosages On the other hand, some strains
of these same organisms prior to exposure to streptomycin
in therapeutic doses succumb to its action  Under approprl
ato conditions however they may become very tolerant
of high concentrations of this agent. These organisms are
then considered to have ncquired resistance. Without de-
bating the mechanisms which have been postulated to ex
plan this acquired resistance the predominating opinion is
inclined to the view that when it occurs it is associated
with conditions that foster poor contact between the anti
bacterlal agent and the organism

More recently it has been shown that organisms not only
may acquire resistance to a single specific agent but also
may develop cross-resistance to those antibacterials which
potsess similar antimicrobic activittes ‘While the actual
clinical significance of this observation remsins to be as
sessed  the possibility of its occurrence should not be
ignored

Choice of Anumicrobial Agent

The selection of an appropriate agent for use in a specific
case of unnary tract infection is an intricate problem The
site of infection, the nature and number of infective agents
the presence or absence of lesions the nature and presence
of dysfunctions in organs other than the urinary tract, the
sensitivity of the patient to drugs the antibacterial suscepti
bility of the invading organisms are some of the conndern
tions which prevent the laying down of hard and fast rules
Assuming that the focus and the extent and type of infec-
tious process have been defined then the cholce of antimt
crobial agent depends perhaps most Importantly on the
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identification of the bactena to be treated. In acute infec-
tions and under conditions where time and madequate fa
cililes preclude unne cultures examination of stained
urmary sediments can be quite helpful m this respect. By
this means it 1s possible to determine in many cases whether
one or more organisms are mvolved and at the same time to
obtain some clue to the morphologic and possibly the gen
eric 1dentity of the organisms This information, coupled
with a knowledge of the antibacterial spectra and pharma
cologic behavior of the different antimicrobial agents will
permut institution of therapy This procedure constitutes the
bare minimum upon which to base a rational therapy In
cases that fail to clear on such a course of treatment or in
chronic or recurrent infections a complete urologic, roent
genologic and bacteriological urine study mecluding cul
ture and antiblotic susceptibility tests is indicated

Recent studies by us cast doubt upon the reliability of &
single urtne specimen for culture as a basis for determining
the causative sgent of a urinary tract infecton. In a series
of fifteen patients with urinary tract infections none of
whom had had instrumentation or had received antibiotics,
and from whom urine specimens were collected by regular
nursing personnel, 1t was not possible to demonstrate the
same bacteriology in two consecutlve specimens taken
within a twenty four hour perfod in eleven of the cases
(seventy four per cent) It seems very unlikely that such
an intrinsic urinary flora varlation would exist in patients
with & stable homeostasis unmodified by internal drug

therapy or external urethral Jlation. While this pos
sibility has not been en ':’ ted it wm)}; more

-~ uld
likely that under these? the urm

be expected to remain !

would most Ifkely be the
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time of taking the specimen 1t is apparent that the selection
of an antibiotic with most specific activity as well as evalua
tion of its effectiveness depends upon unequivocal fdentifica
tion of the infecting florn, a goal which is attainable only as
a result of the collecton and examination of multiple pre
therapy specimens by individuals trained in the perform
ance of these procedures

The bacteriological examination of multiple pre-therapy
urine specimens (two specimens taken within twenty four
hours of each other) can bo completed within thirty six to
forty -cight hours to the pomnt where presumptive identifica
tion of the offending organisms has been made and their
relative antibiotic susceptibility determined. Toward this
end, the following procedure has been found adequate.
Immediately after collection of the initinl specimen 15
ml. of urine are centrifuged at 3000 R.P M in a sterile tube
The supernate is decanted aseptically One portion of the
sediment is streaked on approprate solid differential cul
ture media A second portion is distributed uniformly with
a sterile swab on the surface of a blood agar plate upon
which subsequently are deposited appropriate antiblotic
disks. This plate serves for determinations of antiblotic
susceptibility A third portion 1s used to prepare smears for
microscopic examination efter appropnate staining. Follow
lng overnight incubation the plates are read. By this time
the second consecutive specimen has been collected and is
ready to be subjected to the same procedure Thus, it is
possible to determine the morphology of the bacterial flora
In the specimens correlate the morphologic types found in
culture with thoss seen on smear and oscertain the anti
blotic susceptibility all within o period of time not exceed
ing forty-eight hours
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Inadence of Unnary Tract Pathogens
and Their Anubiotic Susceptibiliy

While many gram posiive and gram negative bacteria
have at one time or another been umplicated in urinary
tract infections only a relatively small number occur re-
peatedly and frequently Table 7 shows the inadence with
which varfous bacteria have besn encountered in urmary
tract infections seen at the Philadelphia General Hospital
(Blockley Division)

It is apparent that the gram negative bacillf are encoun
tered about 2% times as frequently (seventy two per cent) as
gram positive cocar (twenty-eight per cent) In this latter
group enterococci also occur about four Hmes as frequently
as the other coccr. Obviously urinary tract infections are
most frequently (mnety five per cent) assoclated with bac
terlological incitants which are normally indigenous to the
intestinal tract.

Our recent studies on the relative antibiotic susceptiblity
of pathogens most frequently associated with unnary tract
infections yielded the data shown m Table 8

Considering the data in the two preceding tables, it is
seen that for about seventy per cent of the pathogens asso-
ciated with urmary tract infectons there are ope or more
antibiotics which are effecive in pitro against ninety per ccut
or more of the strains tested. For Escherichia and Kisbslella
organisms there is the combination of chlortetracycline-
oxytetracycline-chloramphemicol (COC) Erythramycin and
carbomycin and COC have a high specificity for entero-
coccl and M pyogenes var cureus particularly those which
are penfcillm resistant. Despite its high degree of in vifro
activity carbomycin has proven clinically disappointing
Str oiridans and Sir pyogenes are uniformly susceptible
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to all the agents shown Proteus Pscudomonas and Para
colobacterum organisms comprising thirty per cent of url
nary pathogens may be regarded as relatively refractory to
antibiotic activity although Paracolon bacilli are signift
cantly less so than either Proteus or Pscudomonas Either
streptomycin  chloramphenicol or COC appear to have
activity against fifty to sixty per cent of paracolon strains
studied.

Not all species of Proteus organisms are equally refractory
to antibiotic activity Studies in our laboratories have shown
that the Incidence with which the different specles of
Proteus are encountered are P mirabills thirty-eight per
cent, P oulgarls thirty per cent P refigeri twenty-one per
cent, and P morgani eleven per cent Only the vulgaris and
morgani strains show a significant susceptibility to antl
biotics In the case of the former about sixty five per cent
of strains are susceptible to COC and only twenty per cent
to the other agents Approximately fiftv per cent of morgani
strains are susceptible to either chloramphenicol or COC
while chlortetracycline and oxytetracycline are ineffective.
Mirabilis and rettgen species are relatively resistant to all
antibiotics While there are reports which indicate that
sulfasoxazole (gantrinn) is partcularly effective against
species of Proteus our experience has been that it possesses
no significantly greater activity against these organisms
than other sulfonamides such as sulfadiazine or mixtures of
the sulfapyrimidines Recent work suggests that a combinn
tion of streptomycin and oxytetracycline are clinically ef
fective against Profeus infections despite lack of in oitro
activity

Recent work on the antibacterial nitrofurans has led to
the introduction of nitrofurantoln N (5-nitro-2 fufurylt
dene) 1 aminohydantoin (Furadantin) as an agent for the
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treatment of uninary tract mfections Claims for this drug
include wide spectrum activity stability and relatively
little tendency to permit development of bacterial resistance.
It does not appear to lower the fecal bacterlal count, sug
gesting that no overgrowth of fecal fungi is to be expected
during therapy Untoward effects, such as nausea and
emesis have attended its use These disappear with with
drawal of the drug Furadantn is especially interesting
because of its potential effectiveness in infections due to
Proteus organisms Studies in our laboratory have shown
that seventy five per cent of 113 strains of Proteus are in-
hibited by 10 mg. per cent or less of the agent, & urinary
concentration which it is claimed is apperently not difficult
to attaln with moderate dosages More extensive clinical
trials are indicated before it will be possible to assess the
practical value of this agent.

Polymyxin B has been shown to possess an unusual lsvel
of activity agamst strains of Pseudomonas but, in view of
its nephrotoxicity should be used only with caution in
patients with urinary tract infections caused by thess
organisms

Table 9 represents a guide to the selection, dosage, and
duration of therapy of antibacterial agents based on suscep-
tbility of various organisms most commonly found m urlnary
tract infections mn which a single organism Is the causative
etology
Epididymits

Acute epididymitis may be gonococcal, tuberculous or
nonspecific in origin. Where the etiology of the epididymitis
is the gonococcus the treatment of choice is penicillin,
600 000 units daily for at least three days If for any reason,
penicllin is contramdicated, or the respomse Is unsatis
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factory tetmmeyeline or oxytetracycline 250 to 500 mg. every
six hours for seven days may be used with anticipation of
gratifving results Chronic gonococeal epididymitis while
scldom seen today would be treated as the acute disease
and following subsidenco of the inflammatory reaction at
tention should be focussed on associated lesions of the gen
ital tract or urethrn

In tuberculous epididymitis medical treatment consists
of streptomycin 1 Gm cvery third day and PAS 12 Gm per
dav for at least six months Tsoniazid, 250 mg per day may
be used ns adjunct therapy with streptomycin or PAS
Every effort should be made by appropriate thorough
urologie and general examination to ascertain the presence
of tuberculous infection elsewhere in the body since epi
didymitis due to the tubercle bacillus is only one manifesta
tion of tuberculosis

In nonspecific epididymitis every effort should be made
to isolate the causative organism, following which, therapy
fs based on scnsitivity tests. When it is not possible to Isolate
the causative organism, therapy consisting of penicillin
400 000-600 000 units and streptomycin 0.5 Gm. daily should
be instituted. Alternatively this protocol may be supple
mented with gantrisin 1 Gm. four Hmes datly Tetracychno
or oxytetracycline are indicated 250 to 500 mg every six
hours whenever penicillin streptomycin, or the salfona
mides are not.

Prostatitis

This diseasc most frequently has a gonococcal etiology
although pyogenic organisms and the tubercle bacillus are
occasionally found to be the causative agents Wihen abscess
formation follows acute prostatitis {t rarely or never com
plicates gonococeal infections except as the result of trauma,
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More often it is the result of hematogenous or lymphatic
spread of an infection whose primary site is other than the
urethra although this Jocus can also be the site of primary
mfecton.

The real value of antimicrobial agents in prostatitis still
remains to be assessed, although pemcillin, streptomycin,
sulfonamides and the tetracyclines are used. Certainly
these agents are efficacious in the acute gonococcal cases
before secondary invaders become established. However
when this occurs antbrotics produce less gratifying results
because these bacterla are less susceptible to them and it
becomes increasingly difficult to secure therapeutic concen
trations in the poorly draining prostate

The treatment of tuberculous prostatitis should be gov
erned by the same principles established for therapy of the
pulmonary and renal forms of tuberculosis

Urethritis

Antimicrobial therapy of gonorrheal urethritis is dis
cussed in the section on Venereal Diseases

Nonspecific urethritis due to bacterial causes may be
caused by any of the organisms usually involved in urinary
tract infections Where the etiology is coccal, penicllin or
erythromycin in moderate dosage is indicated. Infections
resistant to these agents may be successfully treated with
tetracycline or oxytetracycline in dosage of 250 to 500 mg
four times a day for five days Sulfonamides especially
gantrisin and elkosin, may at times be useful adjuncts. For
urethritls associated with prostatitis 400 000-600 000 units
penfcillin and 1 Gm. streptomycin per day together with
gantrisin 1 Gm. four times a day for one week gives satls-
factory therapeutic response.
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Abacterial urcthritls remains a therapeutic problem. Re
cently evidence has been proposed which suggests that plen
ropneumonia like organisms (PPLO) whose real nature {s
not yet wmderstood, may be involved in this discase. While
alf of the antibiotics have been tried with none producing
starthing results streptomyein 1 Gm per day for ono week
and oxytetracychine 250 mg four times a day for an equal
perod of time have been used with some success in some
patients There are those who regard oxytetracvcline as
superlor to streptomycein

Tuerperal Sepsis

Infection within the female genital tract may occur during
the puerperium or as a complication of abortion. Most cases
of puerperal Infection are caused by anaerobic streptococed
although other organisms such as hemolytic streptococel,
staphylococed, E coli Cl tetani, Cl perfringens and others
may be responsible Mixed infections occur most often fol
lowing illegal abortions If puerperal infection is suspected,
a culture is taken and antiblotic therapy instituted promptly
Large doses of penicillin (aqueous penicillin G 300 000 to
600 000 umits intramuscularly every two to thres hours) and
streptomycin (0.5 Gm  intramuscularly every four to six
hours) are administered inftially with modification of ther
apy if necessary In resistant infectfons or in patients sen
sitive to penicillin tetracycline or oxytetracycline (500 mg,
every four to six hours orally or intravenously every elght to
twelve hours) may be administered. Many investigators pre-
fer the latter drugs as the initial form of therapy
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TABLE 7
Inciprnce oF BacTERia v UrvARy Tract InvrcTiONs
(804 Stroins)
Organlem Per cont Inclderce
Escherichia sp 331
Enterococel 225
Protens sp 174
Paracolobactrum sp 89
Riebsiells ap 77
P» seruginoss 56
M pyogenes var aureus 39
Str viridens 14
Str pyogenss 0.3
TABLE 8

RELATIVE ANTIRIOTIC SUSCEPTIRILITY OF URINARY PATHOGENS
Per CeNT 0oF STRAINS CLASSIFIED AS SUSCEFTIHLE TO

T
O pearm S PLCY] O fod E
Eschaickia p 61— 33} 48 B
Protoss sp fzai—1 3] 9of m
Parscolvbactrom 1p 41— W) 29} &
Klsbaretla sp 43 ) — | 40 51 &5
Ps ecrugioese |~ 4 18 6
Enigrecacr — 1 S 70| 68 &0
M ppegens vy exrons —~ | 30| 85| 81| 87
Str wndens —~ | 99| 100 100 | 100
Sty prepencs —~ {100 | 100 { 100 { 100
S - yoin, P = penlcilin, G = chi leod, GT = chiortrtrs

WB-_, ,f_.,COC- hipation of chlortetracyciino-aty™
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Anfimerobial Therapy of Speaific Infections
Duscases (Contenued)

INFECTIONS OI' CENTRAL NERVQUS SYSTEM

BacteERaL INFECTIONS

ForronateLy antimicrobial agents are now available to con
trol successfully most bacterlal infections of the central
nervous system. Whether the infection is diffuse as in
meningitis, or {5 a localized abscess of the brain, the prin
ciples of therapy are essentially the same For the most part,
the final outcome is influenced by such factors as the causa
tive agent, age of the patient, duration of the illness and
whether the infection 15 primary or secondary to skull or
spinal injury mastoid or paranasal sinus ditease or to sepsis
elsewhere such as pneumonia, or furunculosts

Meningius

The possibility of meningitls must be entertained in all
acutely ill patients especially in those with severs and per
sistent headaches repeated vomiting lethargy and/or stiff
ness of the neck. Although the history and clinical findings
are usually highly suggestive of some involvement of the
meninges the final diagnosis of meningitis depends on
examination of the cerebrospinal fluld. Not only will this
procedure confirm the diagnosis of o suppurative type of
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meniogitls but 1t will very frequently also determine the
etiologic agent, and In turn serve az a guide for specific
therapy The frequency with which the varous etiologie
types of pyogenic infection of the meninges are encountered
1s roughly as follows Meningococclc—forty per cent, pneu
mococcic—fifteen per cent, hemolytic streptococae ten per
cent, influenzal—five per cent, staphylococcic—one per cent,
miscellaneous Klehsiella bacilli, Pseudomonas gonococcic,
Salmonella group colon bacilli, etc —four per cent. The re-
mainmg twenty five per cent include nonpurulent types espe-
cially tuberculous viral and luetic In additon, it is to be
remembered that occasionally the infection is a mixed one
and also 1n a disease such as meningitis it Is important to
consider the possibility of the development of a superinfec
tion during the course of antimicrobial therapy

In general, the best results in bacterial meningitis have
been obtained with penicillin against the gram-positive and
Nelsseria organisms and one of the tetracyclines chloram
phenicol, polymyrm B bacitracin, or streptomycin for the
gram negrtive bacilll. The sulfonamides stll play an impor
tant role as adfuvants if nothing more than to prevent or
diminish the incidence of superinfections or drug resistant
organisms Although a lumbar puncture is necessary for
diagnostic purposes is repeated in some cases to determine
the effect of therapy and is occasionally indicated to
relieve increased intracrantal pressure, the fact remains that
frequent lumbar punctures should be avoided. Furthermore,
intrathecal therapy should be reduced to a minimum and
only in selected cases does this route of administration seem
necessary In view of the fact that many cases of bacterial
meningitls are secondary to Infections of the middle ear
mastoids paranasal sinuses skin lungs etc. an intensive
search for a possible focus in these areas is imperative
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Eveny patient should be examined by a competent otolaryn
gologist and complete x ray studies especially of the parn
nasal sinuses mastoids and hmgs should bo performed. The
urgency of this step is based on the likelihood that drug
therapy will not influence a primary suppurative process
and that constant refeeding of blood stream and meninges
from such a focus will militate against recovery Marked
chnical improvement and stenlization of the cerebraspinal
fluid and blood stream do not relieve the physiclan of the
necessity for continuing the search for possible foci since
the meningitis may become reestablished if distributing
foc1, untouched by drug therapy remain The slightest
evidence of undrained abscesses especially in mastoids or
paranasal sinuses demands surgical Intervention even
though such findings would not call for surgery in the
absence of meningitis

Meningococcic Menmgitis

Meningocoecic meninglhs is usunlly a primary disease
and the majonty of cases respond dramatically to treatment
with sulfadiazine and/or penicillin Considering the serlous
ness of this disease, it seems advisable to employ both and
microbial agents routinely except in mild cases the {nitial
dose of sulfonam!de being administered intravenously so-
dium sulfadinzine 8 to 4 Gm as @ 0.5 per cent solution
followed by 1 Gm. by mouth every four hours In comatose
patients the drug may be administered by a stomach tube
Penicillin is given intramuscularly 1000 000 units (aqueous
crystalline penicillin) every two to three hours Very occa
sionally a fulminating form of meningococcle meningitis
the Waterhouse-Friderichsen xyndrome, with nssoclated
adrenal faflure will occur and prove fatal unless the condi
tion is readlly recognized and vigorous treatment begun
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promptly In addition to antimicrobial therapy the patient
should be supported as though he were in crisis in Addison s
disease namely-—hydrocortisone (free) 4 cc. of a 25 mg./cc.
solution in 1000 cc. of saline solutfon intravenously plus
25 mg to 50 mg mntramuscularly every six hours and neo-
synephrine 083 to 05 mg every one to three hours subcu
taneously if systolic blood pressure falls below 80 mm, Hg

The total duration of antimicrobial therapy varies in each
case of meningitis but, in general, treatment should con-
tinue for at least seven days after the patient appears clinic-
ally well. Following recovery from meningococcic meningitis
one should obtain three nasopharyngeal cultures and, if
positive, the patient should be given a second course of
sulfadiazine, 1 Gm. by mouth every six hours for four days

Pneumococcic Mensngits

Despite the untform susceptibility of the pneumococcus
to penicillin, pneumococcic memngitis 1s still a very serous
form of menmgitis m that the Infection is usually secondary
to some focus elsewhere in the body Best results are ob-
tamed with massive penicillin dosage (1000000 units of
aqueous crystalline penicillin intramuscularly every two
hours) plus sulfadiazine as outlmed for cases of meningo-
coccle meningliis Because of the poor prognosis associated
with pneumococcic menmgitis many experfenced invest
gators still employ intrathecal penicillin in such cases, &
the basis that the benefit derlved far outweighs the danger
of neurological complications resulting from intrathecal
therapy Certainly in senously ill cases a single inftial
intrathecal administration of peniallin (no more than 20000
units) would seem advisable unhl sufficlent dota are avall
able which demonstrate equal therapeutic results with
fntensive intramuscular penicillin therapy alone Since most
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cases of pneumococcic meningitis are secondary to infections
elsewhere in the body especially the middle car mastoid
and paranasal sinuses it is {mperative that a thorough
scarch be made for a possible focus

Streptococcic Memnguls

The treatment of streptococeic meningitis is the same as
for pneumococcic meningitis Fortunately the prognosis is
much better for beta streptococele infections of the men
inges than the latter in that the disease is often primary in
origin and the thomy problem of eradicating focl is thus
minimized

Staphylococcic Memmngates

In genernl, the treatment of staphvlococcle meningitis
is the same as for pneumococcic and beta streptococcic
memngitis However the prognosis is poor in that the dis
ease {s seldom primary in nature and the causative agent is
frequently resistant to penicillin. It {s most important there-
fore to determine the sensitvity of the particular staphy
Yococeal strain to the various antimicrobial agents Erythro-
mycin 500 mg. every four to six hours orally or 250 mg.
every six to eight intravenously has proven an effective
ageat in these peniallin resistant cases although equally
good results have been obtained with bacltracin 50 000
units intramuscularly every six hours or one of the tetra
cycline group of drugs 500 mg. everv four hours by mouth
or 100-500 mg every six to twelve hours intravenously

Influenxzal Memngutis

For practical purposet influenzal meningitis represents
two diseases 5o far as prognosis is concerned In young
Infants and in the aged, particularly the diseass frequently
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represents an extension from an infecton of the sinuses ar
mastolds whereas in children and young adults the diseass
is more often primary fn nature Excellent results have been
obtamed, especially m young adults with the tetracycline
group of drugs especially chlortetracycline orally or intra
venously (2t03 Gm per day in divided doses every 4 hours)
Sulfadiazine 4 to 6 Gm daily and streptomyen 2 to 4 Gm.
darly in combination, chloramphenicol, 8 to 4 Gm  daily and
erythromycin 2 to 4 Gm. dally have also been used
successfully

Merungitis Caused by Other Gram negatrve Orgarusing

Meningeal infecHons with species of Escherichis, Pseu
domonas Klebsiella and Proteus are occasionally encoun-
tered and for the most part represent serious problems In
general, they tend to occur in the extremes of life frequently
represent complications elsewhere in the body and often
are resistant to antimicrobial therapy In this group care-
fully performed sensitivity studies are indicated. Although
some will respond to sulfonamides streptomycm, one of the
tetracycline group or chlorampbenicol, the results as a
whole are disappointing Polymyxm B Intramuscularly (30
mg every four to sir hours) and intrathecally (5 mg. dis
solved m 10 cc of isotonic saline solution daily for thres days
and then 5 mg daily on alternate days) has proved effective
in meny such cases and, despite its potential renal hazards
its use is justified In these Instances

Complications of Bacterial Meningitis

Complications and sequellae of bacterial meningitis have
been reduced markedly since the advent of modem anti
microbtal therapy However effusion of fiud into the sub-
durel space may occur especially in young children whereas
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brain abscesses are not uncommon {n patients with pneu
mococcic or staphylococcic meningitis The appearance of
focal neurological signs vomiting coma, or the clinical
impression that the course is not satisfactory should call for
neurosurgical consultations

Tuberculous Meningitls and Acute Syphilitic meningltis
will be found under their respective primary discase

VmaL INFECTIONS

At this time there s no speclific treatment for Infections
of the brain and meninges caused by vinuses The ant
microbial agents havo limited usefulness for the prevention
or treatment of complications which may occur particularly
in severe cases especially in the respiratory and urinary
tracts Procaine penicillin 300 000 to 600 000 units daily or
tetracycline or oxytetracycline 500 mg. every four to six hours
may be tried

GASTROINTESTINAL INFECTIONS
Penidllin

Clinfcally penicillin 15 of value in peritonitis caused by
the pneumococcus or streptococcus, after perforation of a
peptic ulcer or rupture of the appendix. While reportedly
useful in Wells disease (leptospiral jaundice) when admin
istered early penicilin is without beneficial effect when
used alone in moderate doses In bacillary dysentery typhoid
fever and gastroenteritis due to Salmonella and certain sero-
types of E. coli. On occasion penicillin has produced favor
able results In ulcerative colitis despite the fact that the
recognzable fecal flora is not altered significantly In general
however this agent has not given consistently good results
{n this disease It has been found useful as an afd in control
ling secondary infections complicating ulcerative colitis
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Penicillin alone has no effect on the growth of Ends
mosba histolytica The sulfonarudes or streptomycin have
been found to be useful adjuncts to penicillm 1n the treat
ment of peritonitis, amebic dysentery amebic abscess of
the liver and acute pancreatitls. When given intravenously
penicillin is excreted {n high concentrations m the bile and
for this reason has been used by some as an agent in the
treatment of infections of the biliary tract. In isolated cases,
bacterlel strains resistant to penicillin, notably staphylococd,
are reputed to emerge after prolanged or repeated treatment,
gving rise to the clinically recognized staphylococcal
enteritis

Streptomycin

Clinfcally streptomycin has been found of velue 1n
Shigella infections especially when dealing with organisms
resistant to sulfonamides Results in typhoid fever and other
Salmonella infections have been variable and disappaintmg.
In isolated cases the agent has been effective in bacteremia
due to Escherichia coll Salmonella cholerae suls, or Pseudo-
monas aeruginoss and gastroenpteritis in which Profeus
organisms are reported to have been the predominant orgen-
ism. The agent is ineffective in ameblc dysentery and amebic
bepatitis Thero are reports that streptomycin producet
striking responses in cases of acute nlcerative coltls al
though it has not been consistently effective n the treatment
of the chronlc form of this disease As regards gastro-
intestinal tuberculosis streptomycin is the drug of cholce
in the management of this infection when it occurs i the
small and large Intestines as well as in the anorectal reglo.
In these diseases the antibjotic is usually administered
elther parenterally In doses of 1 to 2 Gm. daily cancomt
tantly with PAS Following prolonged streptomycin treat
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Penicillin alone has no effect on the growth of Enda
mosba histolytica. The sulfonamides or streptomycin have
been found to be useful adjuncts to penialln in the treat
ment of peritonitis amebic dysentery amebic abscess of
the liver and acute pancreatitis When given intravenously
peniaillin is excreted in high concentrations in the bile and
for this reason has been used by some as an agent in the
treatment of infections of the biliary tract. In {solated cases
bacterial strains resistant to penicillin, notably staphylococcl,
are reputed to emerge after prolonged or repeated treatment,
giving nse to the clmically recognized staphylococcal
ententis.

Streptomyan

Climcally streptomycin has been found of value in
Shigella infectons, especially when dealing with organisms
resistant to sulfonamides Results in typhoid fever and other
Salmonella infections have been vanable and disappointing
In isolated cases the agent has been effective in bacteremia
due to Escherichia coli, Salmonslla choleras suis or Pssudo-
monas aeruginosa, and gastroenteritis in which Proteus
organisms are reported to have been the predominant organ-
ism The agent is ineffective in amebic dysentery and amebic
hepatitis There are reports that streptomycin produces
striking responses in cases of acute ulcerative colitis, el
though it has not been consistently effective in the treatment
of the chronic form of this disease. As regards gastro-
intestinal tuberculosls streptomycin is the drug of chofce
in the management of this infechion when it occurs in the
small and large intestines as well as in the anorectal reglon.
In these diseases, the antibiotic is usually administered
either parenterally in doses of 1 to 2 Gm daily concoml
tantly with PAS Following prolonged streptomycin treat
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ment, healing of tuberculous perianal sinuses or fistulae may
take place, thereby eliminating the nced of surgical inter
vention  Gastrointestinal tuberculosis in association with
the pulmonan form of the discase determines the duration
of improvement, frequency of relapse and ultimate recovery
from the pulmonary tuberculesis. Streptomycin n combina
tion with penicillin has been found to be a useful adjunct to
surgical treatment in occasional instances of acute cholecys-
titis cholangitis and liver abscesses in which the causative
etiology is gram-negative bacilli

Shortly after its introduction into medical practice strep-
tomycin enjoyed great acceptance in the preoperntive and
postoperative management of patients undergoing surgical
procedures on the bowel It has been observed that the
suppressive effect of this agent, chiefly by inhibition of E
coli streptococed, and the anaerobes occurred rapidly but
subsequently it was shown that this suppression of the
intestinal flora was a relatively brief one It is no longer
held that streptomycin sterilizes the intestines Strepto-
mycln in combmation with penicillin has materlally de-
creased the mortality from peritonitis caused by inflam
matory and perforative lesions of the gastromntestinal tract
particularly infections with a single gram negative organism
or a mixed gram negative bacillary flora In the use of
streptomycin for this purpose it is well to bear in mind
that organisms exposed to the agent develop resistance to
it rather rapidly

Chlortetracydine

Chlortetracycline despite its in oftro activity against the
typhoid bacillus has been shown to be clinically Ineffective

Mot of the
mb:imlm opinion that ooly & mmall percentape of
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in this disease. Additionally the antibiotic does not effect
the carrier state of either typhoid fever or that of other
salmonelloses and with few exceptons has no effect on
Shigella infections Beneficial effects due to chlortetracycline
have been described in acute and chronic intestinal ame-
blasis It is now generally recognized that if any effect is
produced, it is confined essentially to the acute rather than
to the chronic form of the disease At the present time there
is some question whether chlortetracycline actually possesses
amebicidal action and it is for this reason that most workers
recommended the concurrent administration of standard ame-
bicidal drugs In amebic infection of the liver the antibiotic
is of little value In ulcerative colitis especially during the
acute stage encouraging results with chlortetracycline have
been reported There is considerable doubt, however
whether chlortetracycline is helpful in chronic ulcerative
colitls in view of the fact that recurrence and intensification
of symptoms following the administration of the antibiotic
has been noted frequently A similar experience has been
observed in regional entents While chlortetracycline ap-
parently facilitates healing of the inflammation associated
with lymphogranuloms venereum cases in which there is
rectal stricture appear to be unaffected.

Like streptomycin, chlortetracycline also has a profound
effect on the fecal bacterial flora This effect is temporary
and may result in the overgrowth of such organisms as
Proteus Pesudomonas Streptococcus fecalls and Candida
albicans When used in the preoperative and postoperative
care of patients undergoing abdominal surgery the admin
istration of chlortetracycline usually is accompanied by
diminution 1n the excretion of urobilinogen in feces and
urine and diminution of the excretion of bile which at times
approaches o level assoclated with that frequently seen in
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complete biliary obstruction This should bo borne in mind
when one is attempting to nssess hepatic function at a time
when chlortetracycline is being administered

Chlortetracycline administered fn moderate amounts orally
apparently does not impair hepatic function However in
creased quantities of fat have been observed In the liver
as a result of blopsy cxamination Thero is ovidence to Indi
cate that excessivo amounts of chlortetracycline cause liver
injury particularly when the route of administration fs
intravenous Chlortetracycline is excreted by the normal liver
into the bowel in comparatively high concentrations how
cver in the presence of poor hepatic function and obstruction
of the eystle duct, cxcretion is diminished. Thus the anti
biotic may be uscful if there is no interference with the flow
of bile, particularly in infections of the biliary tract and in the
prevention of cholangitis and hepatitis. Where E coll has
been the infecting organism, chlortetracycline has been found
to be effective in patients suffering with acute cholecystitls
cholangioms, and biliary fistulae

Oxytetracycline—Tetracycline

In generul, the antibacterial spectrum of oxytetracycline
and tetracycline resembles that of chlortetracycline and chlor
amphenicol. Favorable results have been reported attending
its use In the treatment of patients with bacillary dysentery
septicemla due to Salmonella cholerae suis and a few other
types of Salmonclla infections mot responsive to chlor
amphenicol However the agent does not appear to be of
value in typhold fever ulcerative colitis and regional ente
rtis although occasionally some secondary benefits may be
observed. The agent appears to be neffective in Proteus and
Pseudomonas Infections desplte the fact that the incidence
of strains of tho latter sensitive in oltro to oxytetmcycline is
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greater than to all other antimicrobial drugs polymyxin B
excluded

Oxytetracycline is active against E histolytica in vitro and
its clinical status in the treatment of this protozoal infesta
tion 15 discussed under amebiasis Additionally exytetracy
clne also appears to be helpful in the treatment of pin
worm and Asceris infestation Like the other tetracyclines
oxytetracycline is excreted in high concentrations in the
bile and reports indicate it to be the drug of choice in the
treatment of acute or chronic cholangitis There s also evi
dence to indicate that oxytetracycline produces gratifyng
results m patlents with acute cholecystitis or hepatitis
although such reports are based on observations of large

senies of cases

Chloramphenicol

Undoubtedly the antiblotic of choice in the treatment
of typhoid fever is chloramphenicol and detailed discussion
of its use in this disease az well as in salmonellosis in gen
eral is given elsewhere In Shigells infections partcularly
those due to Shigella sonnei and Shigella flexneri chloram
phenicol has been found to be effective particularly when
these organisms are resistant to sulfadiazine While the drug
is amehicidal in offro clinfcally the results in this connection
have been disappointing. Like chlortetracycline and oxytet
racycline chloramphenicol is ineffective agalnst Glardia
lamblia the whipworm, and hookworm Like chlortetra
cycline, it 15 apparently of value in the treatment of proctitis
caused by lymphogranuloma venereum Chloramphenicol
appears to be ineffective in cases of acute viml hepatitis.
Unlike chlortetracycline {t does not appear to be excreted
1n the bile in a biclogically active form.
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Neomycin

Because of the toxicity renal and neural associated with
the parenteral administration of ncomycin the clinical ac
ceptance of this drug has until recently been mther limited.
However experienco has now shown that much of this tox
icity does not appear when the agent §s administered orally
although there have been isolated cases of serlous toxicity to
this agent when given by mouth. For this reason, neomycin
is currently recciving greater attention as an agent useful in
the preoperatine preparation of the bowel In addition the
drug appears to have value in the treatment of Shigella and
Salmonella infections amebiasis peritonitls and appendiceal
abscess

Preoperative Use of Anubiotics

According to Poth, the ideal intestinal antiseptic should
have the following properties (1) Broad antibacterial spec
trum (£) low toxcity for the host, (3) clinical stability in the
presence of digestive enzymes (4) capacity to prevent the
development or overgrowth of resistant bacterial variants or
opportunists (5) rapidity of action (6) limited absorption
from the gastrointestinal tract (7) actvity In the presence
of food and other foreign substances thereby allowing ade
quate intake of food and fluld (8) capacity to aid the me-
chanical functions of the bowel without causing dehydration
(9) inabflity to irritate the gastrointestinal mucosae (10)
nonfnterference with tissue growth and repair (11) active in
low dosage (12) solubflity in water (13) palatability (14)
{nhibith e gction of excessive growth of fungl and (15) re-
strictive use that is to say use only as an intestinal antiseptic.
There are today no agents, either singly or in combination
which fulfill all of the above criteria and it is debatable
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whether any of the antibiotic agents or their combinations
even approach the attamment of this ideal goal

Shortly after the synthesix of the poarly absorbed sulfon
amides it became apparent that these compounds if ef
fective would materially assist in cutting down on the dif
ficulties of intestinal infecton which usually confront the
surgeon followng bowel surgery However experience in
ths direction with these compounds revealed that they had
a relatively mild antmicrobial spectrum  that they had little
effect upon the gram positive intestinal organisms and acted
primarily as bacteriostatic agents against the gram negative
bacterta. It was not until the synthesis of sulfasuxidine was
accomplished that it was at all practical to alter significantly
the gram negative flora of the bowel consistently Many
insoluble sulfonamides have been investigated, but only three
were found to have some practical value These are suc-
ciylsulfathiszole, phthalylsulfathiazole or sulfathaladine,
and phthalylsulfacetamide or thalamide Of these, only suc
cinylsulfathiazole appeared to show some promise because
1t not only altered the gram negative flora of the gastro-
intestinal tract but also aided evacuative preparation of the
bowel. However following clinical use it was found that
all of these substances had definite disadvantages As stated
before they have narrow spectrums and are essentlally bac
terlostatic. Consequently they merely inhibit the multipli
cation of organisms Thus the use of mechanical cleansing
of the bowel could not be dispensed with and in view of the
considerable length of time required for this procedure the
results were inconsistent and unsatisfactory unless the pro-
cedure was extended for a perlod of at least seven days.
With the introduction of the antiblotics all have had a trial
in this area. Streptomycin was the first to be trled and was im
mediately found unsatisfactory because of a tendency to
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induce resistance in organisms When chlortetracycline be-
came available, it was used for a similar purpose and it was
observed that although this agent would markedly alter bac-
terinl intestinal flora {ts use was not unattended by the
occurrence of secondary pathogens such as Staphylococcus
aurcus Subscquent extensive studies have led to the con
clusion that chlortetracy cline in comparison with the other
available intestinal antiscptics possesses no particular ad
vantages Oxvtetracycline has also been proposed as an intes
tinal antiseptic with wide spectrum activity However so
far as is known it possesses the same disadvantages as are
inherent in chlortetracycline. With continued use of this
antibiotic, the overgrowth of bacteral opportunists becomes
apparent.

The following represents a summaton of the properties
and characteristics of those agents which at one Hme or
another have been proposed as preoperative intestinal anti
septics

(1) Sulfaguanadine Its activity is quite limited and slow
it 18 inhibited in the presence of ulcerative lesions and it {3
absorbed in appremable quantities Because it has been ob-
scrved that sulfaguanadine when used as an intestinal anti
septic produced untoward reactions which were character
istic of the actions in general due to sulfonamides it is no
longer used or recommended as an intestinal antiseptic.

(2) Suceinylsulfathinzole 1t is not readily absorbed from
the gastrolntestinal tract and consistently inhibits the growth
of gram-negative organisms without evidence of developing
resistance Untoward reactions characteristic of the sulfana
mides do occur although thelr incidence is lower approd
mately one per cent of patients Itisprimarily abacteriostatic
agent and hence must be administered for approximately
seven days before its full cffectiveness is obtained, It tends
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to soften stools thereby miding the mechanical preparntion
of the gastrointestinal tract. Of the various bacteriostatic
sulfonamides succinylsulfathiazole s the most satisfactory
as an Intestinal antiseptic

(8) Phthalylsulfathiazole This agent possesses about the
same spectrum of activity as succinylsulfathiazole although
on a gram for gram basis it is twice as active as succinyl
sulfathigzole It has the undestrable property of causing
stools to have a tenacious consistency which males the
mechameal evacuation and cleansing of the bowel some-
what difficult.

(4) Phthalylsulfacetamide This agent has much the same
properties as succinylsulfathiazole and phthalylsulfathiazole
It is, however absorbed to a much greater degree than the
previously named sulfonamides As a result, it {s not sur
prising to find that this drug shows a higher incldence of
toxic reactions

(5) Streptomycin While acting rapidly streptomycin
removes almost all organisms twenty four to forty-eight
hours after ornl administration, nevertheless this is followed
by the rapid development of resistant strains within three
to four days When given orally this antiblotic is sparingly
absorbed from the gastroitestinal tract. With oral admin
istration there is no toxicity As a gemeral intestinal ant
septic, 1t cannot be recommended because of its capacity
to induce resistance

(8) Chlortetracycline A broad spectrum antibiotic with
essentially bacterlostatic properties removes bactena from
the gastromtestmal tract rapidly but ususlly is accompanied
by a lururiant growth of resistant organisms Following the
third or fourth day of suppression of the coliform organixms
there is usually an overgrowth of staphylococci and Proteus
organisms. The antiblotic suffers from the serlous disad
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vantage of being absorbed rather rapidly from the gastro-
intestinal tract and is not retatned in appreciable amounts
in the gastrointestinal tract postoperatively It is not recom
mended as an intestinal antiscptic.

(7) Oxytctracycline and tetracycline For the same rea
sons as indicated for chlortetracycline, theso agonts are also
not recommended as an intestinal antiseptic,

(8) Chlommphenicol Beeause of its toxicity and rela
tively high absorption from the gastrointestinal tract, chlor
amphenicol is not recommended as an intestinal antiseptic

(9) Neomycin This fs a broad spectrum antibiotic with
bactericdddal properties It is extremely rapid in its activity
and has the capacity to sterilize the gastrointestinal tract
in two to threo hours when administered with castor ol
However this antibiotc has only limited acHvity against
Shigella organisms and shows a tendency for overgrowth
of Aerobacter acrogenes For this reason, it §s not recom
mended as an Intestinal antseptc when used alone. How
ever fn combination with phthalylsulfathinzole, one can
expect excellent sterilization of the gastrointestinal tract,
for the simple reason that the phthalylsulfathiazole inhibits
the outgrowth of the Aerobacter aerogenes According to
Poth, this combination is probably the best avnilable mate
rial for intestinal antisepsis that we have at present. Both of
these substances are ebsorbed from the gastrointestinal
tract only to a limited degree

DiverTiCULITIS
The role of antibiotics {n the therapy of diverticulitis of
the colon is that of a useful adjunct to surgical procedures
which are remedial, particularly when obstruction occurs,
Sulfasuridine, 2 Gm. every six hours penicillin 1 000000
units daily and streptomycin 1 to 2 Gm per day are all
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helpful. Neomyein chloramphenicol, and the tetracyclines
250 mg. every six hours may also be indicated on vadous
occasions

Duverticulitis of the cecum indistinguishable clinically
from appendicitis requires surgical intervention, under
which condition the usual antibiotics indicated In bowel
operations may be used

INFANTILE DIARRHEA

At the present time no single etiologic agent has been
unequivocally incriminated as the cause of infectious diar
rhea of the newborn. Numerous reports exist which attrib-
ute outbreaks of the disease to such organisms as Pt aeru
ginosa, Proteus species Str fecalis Klebsiella, and Coliforms
Viruses have hkewise been suggested. Within recent years,
certain serotypes of E coll notably types O 111 and O 55
have been isolated by various investigators on an inter
national scale as the predominant organism in these diar
rheal outbreaks Suspect also are serotypes O 86 and O 127
the latter being 2 newly discovered type and isolated during
a recent outbresk in the Pediatrics Department of the Phila
delphia General Hospital (Blockley Diviston)

Of the various antibotics used, tetracycline oxytetracycline
and chloramphenicol in doses of 75 mg per pound (34 mg.
per kg ) per day and sulfadiazine in doses of 125 mg per
pound (57 mg per kg ) per day are effective in controlling
the diarrhea. However most favorable progress was seen
in patlents who received the sulfonamide. Without mini
mizing the role of specific therapy perhaps a more fmpor
tant factor in controlling diarrhea of the newborn is the
maintenance of effective supportive therapy specifically
designed to overcome the severe dehydration seen in thess

patents
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Foop Poisonine

The organisms which are most frequently regarded as
the cause of outbreaks of food poisoning arc  Staphylocecct
Salmonella Streptococci Excherichia coll Paracolon Shi
gella Klebsiclla Aerobacter group Clostridium perfringens
and Botulinum The role of Salmonclla in gastroonteritis is
discussed in the section on Salmoncllosis and the sig
nificanco of Shigella has been treated in the section on Bacil
lary Dysentery The role of Botullnum is treated in
Chapter 9 under Clostridial infections Escherichia coli has
been discussed in the section on Diarrhea of the Newborn
The exact significance of Rlebsiclla Aerobacter organisms
still remains debatable. However there is no longer any
question that staphylococci are involved in gastroenteritis
and the present discussion wll be limited to this organism

STAPAYLOCOCCAL ENTEROTOXIN GASTROENTERITIS

The symptoms of staphylococcal enterotoxin gastroenter
itis are characteristic and uniform. Smce the toxin is pre-
formed in the food which is ingested prior to the onset of
symptoms the latter appear within a comparatively short
time following Ingestion, usually within a period of one to
four hours The attack begins with diarrhea and vomiting,
vomiting being the more conspicuous Weakness may be
prominent and other symptoms may present themselves g5
for example nausea, headache, abdominal pain leg pain, or
numbness of the extremities and extreme thirst. Fever may
or may not be present. Not infrequently the skin is cold and
clammy respiration {s shallow and pulse rapid with a blood
pressure of 60 systolic and 20 dlastolic. The {llness lasts from
one-half to three days with a median of about 1% dayy,
Recovery is usually prompt, ranging from one to five days
but in more severe cases may be prolonged to a week of
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two Mortality 1s low, although there are authentic cases on
recard to show that death may occur

It is now fairly well established that not all staphylococel
are capable of elaborating the enterotoxin which 1s respan
sible for gastroenteritis Not until the kitten test was devel
oped was the existence of enterotoxin demonstrable. More
recently however it has become established that the enterc-
toxin producing staphylococe] are most generally coagulase-
positive strafns Furthermore differentfation of serotypes
among staphylococei by means of phage typing has indicated
that certain of these are more frequently associated with
the diseass than are other types Notably one can mention
types 6/47 and 42D In interpreting the results of bacterio-
logical examinations of stools of patients suspected of suf
fering from staphylococcal gastroenteritis it is well to
remember that approximately one-third of all normal stool
specimens sent to the laboratory will be found to contan
coagulase-positive staphylococei which are probably in
gested without ill effects through contact with a nasal car
fer or in the daily food. The mere cantamination of the
food or the finding of staphylococei i the stools is not
sufficient evidence to incnminate the food as being poten
tally poisonous

Regarding the enterotoxin which is responsible for the
gastroenteritis not too much is known It has never been
isolated or prepared in purs form largely because satisfac
tory laboratory animals which would be sutzble for per
forming titrations have not yet been found. Apparently the
toxin is thermolabile and can be tnactivated on expasure to
heat at a temperature of 65 C for thirty minutes However
bolling for ten minutes apparently has httle inactivating
effect.

There is no specific drug or serum therapy for the treat
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ment of staphylococcal gnstroenteritis. Essentially the
treatment is symptomatic, although the possibility of utilz

ing ervthromyeln in more severe cases should not be over

looked. Dehydmtion is treated by the administration of five
per cent solution of dextrose or physiological saline solution
intravenously If the patient can take food without becom

ing unduly nauseated, pectin in doses of 3 Gm. four times
n day or succinylsulfathinzole, 250 mg. in six doses four
hours apart have been found satisfactory

StarayLococcus ENTERITIS FoLLowne
AnTmIoTic THERAPY

Enteritis developing during, or immediately following,
antimicrobic thernpy and associated with stools which re
veal o predominance of coagulase-positive staphy lococei
has been reported Whether the microcoee! found fn these
cases are enterotoxigenic has to our knowledge not been
determined. Under the circumstances, their signifcance a5
primary incitants of the enteritis is only inferred. There are

reports to indicate that erythromyvin ts efiective 5 g1y,
cases

ENTERITIS ASSOCIATED WITH STREPTOCOGK

Food poisoning, clinically and epidemiologicy]]
guishable from staphylococcal gastroenteritys y ﬁldm;:]
increasing frequency Enormous numbers °fl-‘pbax Pme‘ ;’:ﬂn
streptococed, specifically Streptococcus fecaliy Lave '} c
found In food from which neither staphyloc, been
recognized intestinal pathogens could be mlﬁ\mm other
breaks of this type and whenever the :I':n:ut
between two to eighteen hours and the Iy} is
eal mfllion organisms, mostly Strep fecal, P:’)’ fnds sen
suspected food it is probably justified to Blzem of the
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ententis which is observed as streptococeal i nature How
ever n the light of the fact that the food poisoning poten
tialitles of various bactena have been judged by the quant:
tative rather than the qualitaive predominance and that
the 1dentification of the streptococei in most laboratories is
to be regarded as unsatisfactory the real significance of this
organism as an etiologic agent in food poisoning is debatable
So far as is known, gastroenteritis due to Streptococcus
fecalis has never been fatal, and, like the enteritls due to
staphylococcl, it is not controllable with any specific the-
rapy Treatment is usually supportive again bearing in mind
the specific activity of erythromycin. Particular attention
should be paid to the need for overcoming the dehydration
assoclated with this disease.

SALMONELLOSIS

The genus Salmonells comprises gram negative non
sporing motile bacilli which are pathogenic for man, animals,
ar both. Species within the genus are closely related and
classification into serotypes of which about 200 are known
is based upon antigenic analysls of the somatic (O) flagel
lar (H) and Vi components

Salmonella fall into three groups as regards distribution
and relationship to human disease (1) Primary human
pathogens including S typhosa S paratyphi (paratyphald
A) S schottmuelleri (paratyphoid B) and S hirschfeldil
(paratyphoild C) Of these S typhosa is of most importance
in this country S schottmuelleri is the commonest, S para
typhi and S hirschfeldd occur only rarely m the United
States

(2) Primarily pathogens for animals and birds but also
cause disease in man. In this group are found the majority
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of Salmonella and while their incidence varics with geo-
graphical location the following represent those most fre
quently encountered in humans in the United States S
typhimurium S cholcrae suls S oranlenburg S montivideo
S newport § enteritidis S panama and S anatis

A study of Salmonella Infeetions excluding typhofd fover
at the Philadelphia General Hospital (Blockley Division)
during the ycars 1946-1953 revealed a total of ninety-threo
cases in adults and children with the incidence shown in
Table 10

(8) Primarily pathogenic for animals or birds only this
group is rapidly becoming smaller as additional members
are reported to be the cause of disease in man.

There are threc main types of clinical manifestations of
salmonellosis in man, (a) enteric fever (b) gastroenteritis
and (c) localizing with foct in one or more organs, usually
accompanfed by septicemia. While any of the Salmonella
Is capable of producing one or all of these clinical mam
festations, those involved most frequently in enteric fevers
in this country are S typhosa and S schottmuelleri Con
spicuous by the frequency with which they are isolated in
gastroenterdtis is § typhimurium and S enteritidis S chol
erde suls on the other hand, is more frequently associated
with septicemia and infections tending to manifest local
{zation.

Many Salmonella are capable of establishing themselves
In the hosts tissues to produce a more or less permanent
carrer state In this connectlon, § typhosa is notable the
carrer state occurring in about three per cent of convales
cent cases Among healthy carrlers fe contacts with
Salmonella but without prior history of disease various
Salmonella including S typhimurium S montevideo §
newport etc have been found
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In discussing antimicrobic therapy of salmonellosis 1t is
necessary to separate typhoid fever from infections caused
by other Salmonella strains Generalizations are not feasible
because our knowledge of the efficacy of antibiotics an the
chinical and bacteriological course of typhoid fever 1s greater
and more sucanct than that which we possess as regards
treatment of other Salmonslla infections

Antimicrobic Therapy of Typhoid Fever

Prior to the discovery of chloramphenicol, typhoid fever
was one of the few acute infections for which antimicrobial
agents proved disappointing as therapeutic tools

The sulfonamides penicillin, alone or combimed with sul
fonamides streptomycin, polymyxin, oxytetracycline chlar
tetracycline chloramphenicol, and combinatons of the
latter three have all been used, with greater or lesser fre
quency for the treatment of typhoid fever With the excep-
ton of chloramphenicol, which is recognized today as the
speafic treatment, none of these antimicrobials is conmdered
to be clinically effective, except in a few isolated cases This
despite the fact that S #yphosa has been shown to be fohib-
ited #n ofiro by concentrations of all these agents which are
easily attainable in vioo

Yet while chloramphenicol is considered to be the agent
of cholce for typhoid fever nevertheless clinical relapses
and persistence of positive bactericlogical findings during
and after chloramphenicol therapy are by no means isolated
occurrences. Moreover the typhoid carrer stato does not
appear to be affected by the drug Thus while chloram
phenicol is a useful drug in the treatment of typhold fever
it falls far short of satisfying the criterla for a really specific
antimicrobial agent, that 15 to eradicate completely the
infecting organfsm.
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Several interesting observations have been noted in con
nection with patients having typhold fever treated with
chloramphenicol and showing either clinical or bacterio-
logical relapse. First, within two to three days following
the fnstitution of therapy there occurs a dramatic defer
vescence of temperature, accompanied by symptomatic
clinical improvement. Second, blood and stool cultures con
tinue to harbor typhoid bacilli despite the presence of ade-
quate antibiotic concentrations in the blood and probably
in most body fluids. Finally even efter prolonged chloram
phenicol therapy the organisms which continue to persist
show no evidence of developing increased resistance to
chloramphenicol. This would suggest that either some of the
bacilli are inaccessible to the drug, or that they are in some
way protected from the action of the antfblotc,

In an effort to overcome these therapeutic fatlures at
tempts have been made to improve upon the treatment
regimen used. Smadel and assoclates indicated that in their
cases relapses occurred only in patients who received chlor
amphenicol for less than elght days Consequently they
recommended that the treatment course be extended beyond
that interval of time. Other investigators however using
extended periods of therapy for two weeks or longer con
tinued to report relapses at the same or higher rates More
recently evidencs has accumulated to indicate that the
relapse rate is reduced when therapy is given on an inter
mittent or discontinuous basts in conjunction with cortisone

Continuous Therapy

Initielly a dose of 50 mg per bg of body weight is given
orally Subsequent doses contist of 0.5 to 075 Gm every
six hours or 1 Gm. every eight hiours Continue until tem
perature becomes normal and remains so for forty-eight
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hours Subsequent dosage should be 2 Gm. per kg of body
weight, divided into four equal doses until the total thera
peutic course extends for a total period of fourteen days

Intermittent Therapy

Oral administration with the initial dose approximately
50 mg per kg of body wesght. Continue with 1 Gm, every
eight hours for a perlod of five to seven days Discontinus
antibiotic for a period of five days Then, repeat onginal
regimen for an additional five to seven days Thus chloram
phenicol is administered for a total of ten to fourteen days
during a perlod of fifteen to nineteen days

Some workers 1 an effort to reduce the inadence of
relapses employ typhoid vaccination concurrently with spe-
cific chloramphenicol therapy If this procedure is followed,
01 cc. of typhoid vacemne is given subcutaneously for eight
days beginning on the third day following that on which
temperature returns to normal.

In patients with severe toxemia amelioration of this con
dition may be accomplshed by intramuscular or oral
administration of cortisone acetate concurrently with
chloramphenicol. The initial dose is 300 mg followed by
doses of 100 mg every six hours for two doses for a total
dose of 500 mg. Under no circumstances should the hormane
be given without simultaneous chloramphenicol treatment.

As pointed out previously choramphenicol therapy alone
has not sigmficantly altered the incidence of complications
notably inteshpal perforation and hemorrhage, formerly
seen in typhoid fever When intestinal perforation occurs,
fmmediate surgical intervention is not as imperative as in
the preantiblotic era. The reasons for this are (a) that gen
eralized peritonitis can now be more successfully managed
with entiblotics and (b) surgical Intervention even under
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{denl conditions in typhold fever with peritonitis fs still
accompanied by high mortality Thus if perforation occurs
chloramphenicol should be continued but supplemented
with one of the tetracyclines. If these attompts at localiza
tion do not appear to bo successful, as judged by febrile
response end findings of appropriate laboratory studies
resort to surgery is indicated. Surgical {ntervention in order
to establish drainage, may still be required oven if local
1zation occurs. It is also well not to overlook the supportive
measures w hich are usually indfcated in peritonitls

1ith respect to infections caused by Salmonella other
than the typhoid bacillus chloramphenicol is not the drug
of choice. This is due to the fact that, among the 200-0dd
Salmonella serotypes, there exists a considerable variability
as regards susceptibflity to antiblotics Thus tn salmonellosis
in general, one should use either chloramphenicol or one
of the tetracycline agents. Dosages of 2 Gm. daily in four
divided doses are usually sufficient, with therapy extending
for periods of five to fourteen days Streptomycm and the
sulfonamides are genernlly ineffective

AMEBIASIS

While the management of amebiasis includes supportive
therapy prophylactic measures and admimstration of spe-
cific amebicidal drugs no attempt is made in this discussion
to evaluate the relative merits of all of these measures in
this disease We will confine ourselves specifically to the
last of the three factors mentioned above and more specifi
cally the role of antibiotics in the treatment of this disease

Of all the clinically available antfbfotics there appear to
be only three which can be sald to show evidence of having
a direct effect upon pathogenic amebae These are chlor
tetracycline oxytetracycline and fumigallin  Additionally
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carbomyein has been reported to have amebicidal properties
although the evidence for this so far is inconclusive.
McHardy and Frey summarized the results contained in
available reports on the efficacy of antibiotic treatment in
amebiasis According to thelr data, the failure incidence
with the various antiblotics is least in the mstances of the
three antiblotics mentioned above, namely chlortetracycline,
axytetracychne and fumigallin these incidences being 16 6
8.5 and 14.0 per cent respectively It can be stated, more-
over that despite persistent references relative to the value
of chlortetracycline in the treatment of amebiasis there can
be no queston that this agent shows definite limitation as
a true amebicidal compound. It is felt moreover that the
frequency and severity of gustrointestinal adverse effects
which are associated with the dosages which are required to
produce a satisfactory clinical response with this agent are
such that too much optimism cannot be expressed for the
continued use of this agent in this disease

In the case of oxytetracycline the favorable reports have
been more consistent and persisted for longer perods of
time It would appear that oxytetracycline 1s an efficlent
amebicide despite significant side-cffects and a defimte
recurrence rate which would indicate that enthusiastic ac
ceptance should be made with reservations In instances
where therapy is not required to be too mtenmve or too
long, some of these undesired side-effects such as dlarrhea
and stomatitis can be avoided.

Fumigallin a relative newcomer to the family of antl
biotics, and produced by an aspergillus species was origl
nally considered to be an antiphage agent, relatively devold
of antibacterial and antifungal activity In oitro studies indl
cated that it posseases amebicidal activity On the basis of
the work available to date, fumigellin does not seem to
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possess any disturbing effects upon the intestinal bacterlal
flora The most frequently encountered side-effects are ab-
dominal distention nausea, lower abdominal cramps and
mild diarthen Usunlly the side-effects are brought inder
contro]l with the cessation of therapy Fumigallin appears
to have greater clinical efficacy as an amebicidal agent than
do the tetracyclines The most frequently employed dosage
{s 30 to 60 mg per day in divided doses three or four times
a day for o ten day perod.

Summation of Effect of Antibiotics on Amebians

All of the antiblotics have at one time or another been
used in the treatment of ameblasis Only chlortetracycline,
oxytetracycline and fumigallin appear to have some direct
amebicidal activity on the basis of clinical experience asso-
ciated with their use. When one considers the duration of
the follow-up period which is so essential to the evaluation
of any drug for clinical use, then it would appear that
oxytetracycline is undoubtedly the drug of choice at this
time although fumigallin 1s quite promising Chlortetra
cycline is considerably less efficlent. Fumigallin requires
additional study before 1ts ultmmate status in amebfasis can
be fully assessed.

SHIGELLOS1S ( BACILLARY Dy SENTERY)

The causative agents of shigellosis, or bacillary dysentery
are grm-negative, nonmotile bacilll helonging to the genus
Shigella. These organisms produce in humans diarrhea of
varylng severity On the basis of serological and biochemical
differences, Shigella organisms are classified into four main
groups. Group I includes the classical Sh dysenteriae (Shign
bacillus) as well as Sh ambigua and members of the Large-
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Sachs group Group IT designated at present as Sh. flexner,
consists of the types heretofore designated as Sh pars
dysenterise The serotypes formerly known as the Boyd
group are now designated Sh boyd# and comprise Group
I Finally Sh. sonnei is the only type currently included n
Group IV Shigella dispar and Shigella alkalescens because
of their questionable pathogenicity and close relationship
to Escherichia are no longer included among the Shigella.

Sulfonamides specifically sulfadiazine have been used
with excellent results in the treatment of shigellosis The
sulfapyrimidines, such as sulfamerazine and sulfapyndine
have also been found to be effcacious but not to the same
extent as sulfadiezine. Surprismgly the poorly absorbed
sulfonamides have been disappointing therapeutically prob-
ably due to the fact that these agents do not gain access to
the regional lymph nodes and deeper layers of the intestinal
wall where the bacilh are known to lodge.

Among Shigella 1t is not uncommon to encounter organ-
isms which are sulfonamide-resistant. This is more likely to
be the experience when the causative orgamsm is a Sh
sonnei type rather than a type belonging to the Sh flexneri,
or Sh. boydH groups Streptomycin, chloramphenicol, chlor
tetracycline and oxytetracycline depending upon individual
circumstances have proven effective in such situations
While there are reports of the successful treatment of shigel
Josis with polymyxm B the todcity of this drug should be
« deterrent to its use whenever other agents are available.
Supportive measures to maintain fluid and electrolytic bal-
ance should not be overlooked, in view of the dehydmtion
which accompantes the disease
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TABLE 10
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TABLE 11

GUIDE TO SELECTION OF ANTIBIOTICS IN THERAFY OF
GASTROINTESTINAL INFECTIONS

‘ Drxg of Chaesx -+ Dosag

Other Useful Agewts

Sulfadiazine—4 Gm. mitally

dr:mcry 1 Gm. cvery sdx bours for five
dayr.

Typhold fever Chlorampbenicol—50 mg /kg
Initially 075 Gm. every mx
hours untll temperature re
mune pormal for two dayn,
Reduce dowe to 0.5 Gm. every
dx bours and contmoe untl
total course is fourteen days.
Intermittent thermpy—chlor
amphericol ininal dose 50
mg /kg then 1 Gm. every
dght bouny for five to seven
dayr. Ducontinu  for five
dayr. Repeat ordginal reg
1men for five to scven days.

Salmonellons Non

Intestinel Noace

amcbiszm

Extraintestinal None

amchuasds

Tuberculosls of cptomycie—1 Gm. ot

bowel three dapn
PAS 12 Gm. per day orally
for at lexst glx monthe.

Ulcerative colitis Nono

and regional
colitis

166

Chlacamphenicol, tetra
cyclines, palymysin B,
bacitracin

Chlorxphenteol, tetra-
cyclipes.

Fumigallin oc oxytetra
cychne.
None

Isontazld in conjuncton
with streptommmn o
PAS

Many for controlling
sccondary infection.
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TABLE 11 (Continued)

Drsrex Drug of Chascr + Decag Othr Usefud Agemts

Poritonitis None Penldlin and wirepto-
mycin tetracyclines.

Biliary Infections Nonc Streptoemycin, penkllin,
tetrucycines,

Hepatita None Tetracycliner,

W eil's Discase None Tendeillm and chlortctra
cycline.

Pancreatith Nonc Tetracyclnes,
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Antmucrolal Therapy of Speafic Infections
Duseases (Contmued)

CARDIOVASCULAR INFECTIONS

BACTERIAL ENDOCARDITIS

In the presence of a bactererma one of the commoner sites
for pathogenic organisms to localize and produce metastatic
infection is the endocardium of the valve leaflets Under the
term bactenal endocarditis are included a variety of clin
ical syndromes, some of which pursue a rapid and acute
course, whereas others evolve slowly over a period of many
roonths Whether the endocarditis is termed acute or sub-
acute depends largely on the nature of the infecting
organisms
Acute Bactenial Endocarditis

Acute bacterial endocarditis is usually secn as a comph
cation of one of the acute infectious diseaset such a$ pneu
monia meningitis, or gonorrhea, but may cccur during the
course of a bacteremia In which the primary focus is often
unknown such as staphylococcemia. Unlike subacute endo-
carditis which usually is superimposed on previously dam
aged valves acute bacterial endocarditis frequently occurs
in a normal heart valve Within recent years, we have been
seeing an increasing number of cases of acute bacterial
endocarditis following cardise surgery and, occasionally
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23 a result of contemination during cardiac catheterization.
In view of the comparatively greater virulence of the organ
1sm in acute infectious endocardits a more fondroyant
course may be expected than in the subacute variety Some
of the cases are so rapidly fatal that they have earned the
title of malignant endocarditis Prior to the advent of the
antimicrobial agents only an occasional patient was re-
ported to have recovered from this disease. Many cases are
doubtless undiagnosed at present, the affliction being suc-
cessfully eradicated during the treatment of the primary
disease The pathogenic organisms are usually the gono-
coccus meningococcus betn hemolytic streptococcus, pnea
mococcus staphylococcus albus and aureus influenza bacml
lus or other virulent pathogens The success of treatment,
therefore, is dependent on the susceptibility of the offending
orgamsm and the detection and eradication of the primary
focus of infection. Excluding certaln strains of staphylococel,
infections due to cocel are best treated with aqueous peni
cillin G intramuscularly 200 000 units every three bours for
approximately twenty-one days In oifro sensitlvity studles
are indicated espocially when staphylococel, or other patho-
gens are found in the circulating blood, thereby assisting in
the selection of the drug of choice Excellent results have
been obtained with either tetracyclines oxytetracycline or
chloramphenicol, 2 to 4 Gm. daily for three to four weeks in
penicillin resistant infections Neomycin 0.5 Gm every six
hours intramuscularly for fourteen to twenty-one days bas
proven a life-saving measure fn certain drug resistant infec-
tions such as by Pssudomonas aeruginosa

Subacute Bacterial Endocardids

Any individual with valvular or congenital heart disease
is o potential case of subacute bacterinl endocarditis. In
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view of the naturo of this disease carly and accurate diag
nosis followed by the proper use of the antimicrobial agents
is of utmost importance. One of the most Important stops fn
arriving at a diagnosis of subacute bacterial endocarditis is
to rccognize and note the carly symptoms of the disease
Certainly o history of a recent tooth extraction urological
instrumentation or any other surgical procedure especially
of tho beart bowel, and rectum, followed by symptoms of
toxemia, such a1 fever malaise, easy fatigue loss of energy
unexplained tiredness joint or muscle pains as well as such
cardinc symptoms as shortness of breath and rapid heart
action should suggest this diagnosis In addition, a thorough
physical examination and the employment of selected labo-
ratory tests with findings of petechiae (Osler s nodes) a pal
pable spleen, clubbing of the fingers, tachycardia, changing
heart murmurs, neurological abnormaliies elevated sedi
mentation rate and microscopic hematuria are indicative of
subacute bacterial endocarditis. Although several positive
blood cultures constitute the only definitive basis for un
equivocally establishing the diagnosis in about twenty five
per cent of cases the causative organism is not recovered
from the circulating blood. Certainly the chances of obtain
ing a positive blood culture are better when the blood
samples are taken four to six times during a single twenty
four hour period rather than a single sample dally for a
weel. Furthermore, cultures of bone marrow aspirations
will occasionally prove positive in the presence of negative
blood cultures and are worthy of trial, conditions permitting.
The selection of the proper antibiotic in the treatment of
subacute bacterial endocarditis depends largely on the iden
tity of the infecting organism Where the organism has been
isolated and sensitivity tests performed the choice of anti
biotic is not difficult In those cases in which the organism
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has not been 1solated, one is confronted with the problem
of how long to delay before starting antibiotic therapy
Certainly all patients with valyular heart disease having
an unexplained fever for ten days should be treated as 2
case of subacute bacterfal endocardits Obviously the pres
ence of embolic phenomena demands therapy within a
shorter interval of time.

In most cases of subacute bactenal endocarditis penicillin
alone or in combination with other antibiotics will prove
successful Although there are recorded successes with the
wide spectrum antiblotics—chloramphenicol and members
of the tetracycline family—it must be remembered that
these agents are essentally bacteriostatic (In concentrations
which can be tolerated for prolonged intervals of time)
while penicillin and, to a lesser extent, streptomycin, are
bactericidal under similar conditions The majority of cases
of subacute bacterial endocarditis are due to Streptococcus
viridans which is usually sensitive to penicillin. In a not
insignificant number of cases of subacute bacterlal endo-
carditis however the offending organism {s an enterococcus
most frequently Strepiococcus fecalis This organism is usu
ally refractory to the activity of pemcillin alone, but sensi
tive to the action of penicilin 1n combination with strepto-
mycin. Penicillin resistent staphylococel occasfonelly are
associated with & small number of cases and in such in
stances erythromycin alone or i combination with penicillin
or a wide spectrum antiblotic, may have to be employed.
Coliforms and other bacterial species are rarely Incitants,
but when they occur selection of specific therapy is best
based on sensitivity test results.

Thus far sufficlent data are lacking for o final definition
of the optimum dosage of penicillin for this disease. Further
more, the bacteral sensitivity procedure as performed rou
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tincly 1s at best, but a rough eshmate as to dosage.
However 1n most cases due to tho Streptococcus oiridans
aqueous penlcillin G 200000 units intramuscularly every
three hours for thirty five days will usually prove effoctive
(tho potasnium salt of penicillin is preferable to the sodium
salt if congestive failurc is present)

Although we still employ relatively long courses of antt
biotic therapy other investigators have reported success
with shorter courses of fourtcen to twenty-one days Cer
tainly longer courses are indicated for secondary infections
or relapses In genernl, the temperature chart is a reliable
guide as to therapeutic response however in the later weeks
of treatment an irregular fever may result from drug sensitlv
ity Likewise embol do not necessarily imply continued bac
terial activity since, even when the mfection is arrested,
these may occur st any time in the first ane to three weeks
of treatment. Oral and repository forms of pemcillin for the
most part are inadequate and should not be used. In some
instances one is forced to employ antibiotics other then
penicillin  but before doing so it 1s important to keep in
mind the fact that not Infrequently the desired results may
be obtained by increasing the dose of penicillin In cases
due to enterococel, we recommend massive doses of penlcil
lin, one million units intramnscularly every thres hours a
combination contnining 0.5 Gm. each of streptomycin and
dihydrostreptomyein intramuscularly every twelve hours,
plus benemid 0.5 Gm. by mouth every six hours. In our
experience it seems advisable to continue this schedule for
ot Jeast thirty five days, although bacteriologieal cures and
clinjeal remissions have been obtained within two to three
weeks. Where the etiology is such as to cantraindicate pent
cfllin or penicillin plus streptomyein one of the tetracycline
group of drugs 2 to 4 Gm. daily by mouth for thirty five
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days is worthy of tdal. With this form of therepy relapses
are common and not infrequently patents develop toxc
manifestations requiring discontinuance of the drug Baci
tracin, which is synergistic with penicillin against gram-
positive orgamems, is also helpful m selected cases The
dose is 100 000 units mtramuscularly daily in four divided
amounts

In our experience, we have found that estimation of the
Intensity of penicillin or penicillin-streptomyem, therapy
to be used in a specific case from which isolation of the
causative organism has been accomplished, is greatly facil
itated by determining the total inhibitory activity exhibited
by a patient s serum agninst the isolated organism before and
after therapy is started. The procedure used to determine
this total inhibitory activity is as follows (1) The organism
1 isolated, identifled, and maintained n the laboratory Serial
dilation tests indicatmg the concentration of antibiotic re-
quired for bacterfostasis as well as for 100 per cent lethal
effect are performed. (2) The serum from a clotted speci
men of the patients blood, before antibiotics are started,
is serially diluted and tested for inhibiting actvity stabc
and cidal, agamst the specific organism. (8) Therapy is
instituted at dosages which, on the basis of clinical expe-
rience are deemed adequate Allowing two to three days of
continuous therapy so that the patent is stabilized wsofar
a5 antibiotic absorphon and excretion are concerned, another
clotted spectmen is drawn. The serum from this specimen
is exammed in the same manner as the pre-therapy serum.
If the intensity of the therapy fs adequate the patients
serum should be lethal for 100 per cent of the organisms in
a dilation of at least 18 or higher If this level of bac
terlcidal activity is not observed, the antibiotic dosage is
{ncreased empincally and the test repeated sbout & week

174



Antimicrobial Therapy of Speafic Infectious Diseases

later By this means it is possiblo to follow the lethal activ
ity of the serum at regular intervals using the results of the
tests as a gude to altering the amount of antibiotic being
prescnibed It is recommended that it bo determined
through the use of penicillinase whether the lethal effects
obsen ed are due to penicillin or to some peculiarity of the
patent s serum Additionally it is also possible to differen
tiate by using peniallinase, what portion of the inhibitory
serum activity is due to penicillin and streptomycin in thase
{nstances where the combination is being employed.

In those cases in which the organism has not been isolated,
one is confronted with the problem as to what form of
antimicrobial therapy should be instituted. In such cases,
one must asume that the causative organism is relatively
resistant to penicillin therapy and it is advisable to employ
the schedule as outlined above for cases due to the entero-
coccus Obviously if after five to seven days of this regime
there is no clinical improvement, then ome is obliged to
make another choice of drug, or drugs In such cases there
is no alternative but to resort to the method of tnal and
error

Eradication of Pouible Foa of Infection

Since certain focal infections may cause o reinfection of
the heart valves it is important that a careful search be
made for possible foci of infection and their erndication
effected if possible This s best done while the patlent is
recelving antimicrobial therapy Since the upper respimtory
passages and mouth partcularly the teeth, harbor foci which
act as the commonest portal of entry in this diseass it is
{mportant that every patient have a thorough check of the
ears, paranasal sinuses, tonsils gums and teeth. In those
cases which have followed urological instrumentation, the
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same precaution holds Furthermore, since subacute bac

tenal endocarditis may result from a pre-existing subacute
endarteritis one must consider the possibility of a patent
ductus arteriosus or arteriovenous aneurysm. Obviously the
eradication of possible focl will not cure an established case
of subacute bacterial endocarditis but it is fmperative that
all such foci be eradicated during the Hme the patient is
recerving anhmicrobial therapy as a prophylactic measure
agalnst recurring atincks Since so many cases give a
history of recent tooth extraction and because of the fact
that the infection often Involves more than one tooth, it
seems better to sacrifice an mnocent tooth thar to jeopardize
a life In this connection it should be emphasized that the
clinical, pathological, and x ray diagnosis is often masked
by antimicrobial therapy thereby making it difficult to de-
cide whether a tooth 1s diseased or not, Certainly an empty
house is better than a bad tenant. Furthermore the ligation
of a patent ductus arterlosus and the removal of artero-
venous aneurysms are indicated. The development of my

colic aneurysms must be suspected in obstinate cases This
complication is a serious one and demands surgical extirpa

tion The development of pain and a mass with or withont
pulsation leads one to this diagnosis especially when occur

ring in the extremities Obviously abdominal, thoracle, snd
intracranial lesions are much more difficult to detect and
eradicate.

NONBACTERIAL ENDOCARDITIS
The chief cause of nonbacterial endocarditls is acute
rheumatic fever and 1t is usually seen as part of acute rhea
matic carditis Penicillin orally 200000 units daily (or sul-
fadiazine 05 to 1.0 Gm. daily by mouth, if penfcillin cannot
be used) is employed prophylactically
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Myocarditis

Although many cases of myocarditis are the result of non
Infectious agents for cxample senile degeneration and hyper
tension, there are many cases which are due to specific
infections some of which arc amenable to antimicrobial
therapy Diphtheria, typhoid fever pneumonia, typhus and
meningitis are a few examples In most instances whatever
damage to the heart occurs is usually not too severe since
very few deaths are attributablo to this complication per se
Furthermore, there are probably other instances in which
an acute myocarditis has developed during on {nfecticus
fllness and manifests itself months or even years. later
Certninly this is true in many so-called cured cases of sub-
acute bacterial endocarditis Since acute myocarditis 15
usually associated with a systemic disease, the diagnosis and
choice of therapy are apparent. Most cases of chronie myo-
carditls are of unknown etiology However such infections
as tuberculosis have been shown to give rise to this condi
tion and in most instances there is evidence of tuberculosis
elsewhere in the body

Pencardids

Pericarditis 15 almost always secondary to some other
primary infection within the body as any generallzed sepsis
may localize in the pericardium Fortunately with the wide
spread use of the antimicrobial agents pericarditis is not o
common complication although it is quite likely that many
cases do occur but go unrecognized. However acute perl
carditls is seen occasionally following such diseases as pneu
monin complicated by empy ema caused by various pyogenic
organisms especially the pneumococcus and hemolyte strep-
tococcus In addition, tuberculous pericarditis is also seen
secondary to tuberculosis of the pleura lungs or mediastinal
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glands For the treatment of acute perlcarditis the selection
of the proper antimicrobial agent is dependent wpon the
general infection For the most part, it is well to employ
large doses of the drug over a relatively long period of time.
Certamly a number of acute cases are successfully handled
with entimicrobial therapy alone, but some will require
surgical intervention because of the development of ad-
hesions thus giving rise to a chronic adhesive pericard:tis
Smnce excessive fluld may accumulate in the pericardial sac,
gving tise to cardiac tamponade it iy necessary in such
cases to perform a pericardial puncture The advisability of
reinjechng antbiotics after the removal of fhid is stll 2
controversial matter

For the treatment of tuberculous perlcarditis see page 88

VENEREAL DISEASES

Fortunately the venereal diseases syphilis gonorrhea,
lymphogranuloma venereum, chancroid, and granuloma
gunale are all susceptible to antimicrobial therapy Despite
this the incidence of venereal diseases continues to be high
and, although one often hears optimistic expressions of opin
fon concerning their disappearance and relegation to the
minor status now shared by such dreaded diseases as small
pox and diphtheria, this appears at present to be based on
wishful thmking rather than observation. Nevertheless this
groyp of diseases is rapldly ylelding to drug therapy espe-
clally in this country

SYPHILIS
Syphilis if recogmzed early and treated intelligently can
be controlled in close to 100 per cent of cases Penicillin is
considered the drug of choice in the initial treatment of all
types of this disease owing to its high percentage of favor
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able responses caso of administration low cost, and rela
tively short period of treatment. Furthermore penicillin
reactions are rare and are seldom of such severity as to nec-
essitate interruption of therapy The most important is the
Herxheimer reaction which is usually manifested by fever
during the first twenty four hours of treatment, often with
aggmvation of the syphilitic lestons and such symptoms as
headache, maluse, chilliness and weakness This reaction
apparently signalizes the effectiveness of treatment, since
it is ascribed to the abrupt, massive destruction of T palli
dum in the Jesions and blood stream and does not constitute
an indication for interruption or discontinuance of penicillin
thernpy except when the reaction is severe or in the pres-
ence of hoarteness or tinmtus Usually this reaction will
subside spontaneously within twenty four to thirty six hours
The Herxhelmer reaction is observed most frequently in
tho treatment of primary and secondary syphilis although
it may occur in latent cases in which it may represent an
extremely dangerous situation and must be guarded aganst.
Special caution is particularly important in cases of cardio-
vascular syphilis as any untoward reaction (therapeutic
paradox) is not without serious consequences Fortunately
the number of therapeutic shocks and paradoxes following
penicillin has been extremely small, particularly since the
advent of more refined preparations of the drug As a result,
many syphilologists especially in this country have aban
doned all preparntory treatment, although most British
authorities continue to employ bismuth and iodides prior
to penicillin therapy of cardiovascular syphilis

In additon to penicillin chloramphenicol and the tetra
cyclines have been shown to have definite value as ant
syphilitic agents for primary or secondary syphilis, although
thelr effectiveness is definitely inferfor to penicillin. How
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ever the use of one of these broad spectrum agents may
prove valuzble m patients who are sensitive to penicillin
and who can be kept under supervision, especally if chlor
amphenicol is selected.

Primary and Secondary Syphihis

Successful treatment of acute syphilis (primary or second
ary) is dependent upon maintaining a continuous penicil
lerma for at least ten days This is best accomplished by pro-
caine penicillin in ofl with two per cent aluminum monostear
ate 1,200 000 units itramuscularly every three days pro-
caine penicilln in oil with two per cent aluminum mono-
stearate 600 000 units daily for eight days. Cases failing to
respond to one of the above schedules should be given a
second course of pencullin alone, employing larger total dos
age (twenty per cent or more increase) over a perfod of ten
to fifteen days or combined with a course of heavy metals
arsenicals and bismuth, Not infrequently an apparent failure
to respond to imtial penicillin therapy represents a re-
exposure and reinfection, hence the importance of mvestigat
ing all failures from an epidemiologic standpoint. At this time
promising results are being obtained with a single intra
muscular mjection, 2,400 000 umts of Benzathine Penicillin
G Although oral penicillin has been used with reported suc
cess by some workers in early syphilis it is not recommended
The usual total dosage for chloramphenicol or one of the
tetracycltnes is 80 Gm. administered as 2 to 4 Gm daily in
divided doses

Latent and Late Syphilis

For the most part, early and late Jatent syphilis are suc-
cessfully treated with procaine penicillin 600 000 units dally
for ten days and if relapses occur the therapy is repeated.
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The treatment of late syphilis—tertiary mucocutaneous, os-
seous neural, and espectally cardiovascular fnvolvement—
demands a careful sclecton of patients as regards age sex,
duration of illness and gencral physical condition For the
most part, no treatment Is given to Individuals over sixty
years of age who have had syphilis for more than thirty
years or are suffering with other discase conditions which
would markedly reduce Lfe expectancy Furthermore in
cases in which a Herxhelmer reaction or therapeutic para

dox is to be avoided, treatment with bismuth is still recom

mended by many investigators for six to twelve weeks before
instituting penicillin In general, the penicillin therapy of
late svphilis embraces procaine penicillin 600 000 units
daily for ten to fourteen days If this falls the same sched

ule of peniallin is repeated alone or in combination with
arsenic and bismuth injectons Cases of cardiovascular
syphilis are best prepared with bismuth infections and potas

sium jodide orally for twelve weeks before penicillin treat

ment, although this preparatory therapy has been abandaned
in many clinfes

Neurosyphilis

Therapy of neurosyphilis is governed by the stage at
which the condition appears. According to most syphilolo-
gists, peniciliin is the drug of choice although in stubbormn
cases it Is often combined with the heavy metals and, in the
late stages with fever thermpy A minimum schedule of
procaine penicillin, 600000 units dafly for fourteen to
twenty-one days Is genernlly adequate

Syphilis 1n Pregnancy

During the first five months of pregnancy procaine pent
cillin 600 000 units daily for twelve injections will prevent
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syphilis n the fetus in most instances After the fifth month,
penicillin G in aqueous solution, 100 000 units intramuscu-
larly every three hours for ten days

Congenital Syphilis

Penicillin alone represents the therapy of choice, regard
less of the ago or severity of the disease. For early con
gemutal syphilis penicilin G aqueous, 200000 wnits per
pound of body weight is given mtramuscularly n divided
daily doses every two hours for ten days. In late cases
procaine penicillin 100 000 units daily for ten days is recom
mended. Therapeutic failures will usually respond to re
treatment with larger doses of pemicillin, doubling the
original dosage and continuing for twenty-one days

GONORRHEA

Penicillin in adequate amounts will prove successful n
practeally all cases of uncomplicated gonorrhea. Procaine
penicillin 600 000 units intramuscularly 1s usually sufficent
for acute cases in males in chronic cases and females it Is
best to repeat the dose at twenty four and forty-eight hours
So-called penicillm resistant cases are usually effectively
treated with aqueous penicillin G mtramuscularly 50 000
umits every three hours for twenty infechons The tetracy
clines end chloramphenicol are all useful agents m the
treatment of gonorrhea and are recommended in pahents
sensitive to penicillin and in the occasional refractory case
With any of these wide spectrum drugs 2 to 4 Gm. in
divided doses every six hours is advisable. Complications,
such as arthritls are best treated with penicillin as outlined
above for resistant cases
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LYMPHOCRANULOMA VENEREUM

The tetracyclines aro uscful in all stages of [ymphogranu
Joma \enereum with the degree of effectiveness depending
on the typo and degree of involvement. In early cases with
minimal tissue breakdown the results are optimal while in
cases complicated by fibrosis and fistulae they act as ad
juncts to surgery With any member of the tetracycline
group the usual dosage should be 250 to 500 mg every six
hours for thirty days

GRANULOMA INGUINALE

Streptomycin and the wide spectrum antibiotles are all
highly effective 1n the treatment of granuloma inguinale
Streptomyvin intramuscularly 1 Gm. every six hours for
ten days represents the therapy of choice A febrle response
for several days is not unusual and occasionally a transient
urticaria, or erythema, will appear One of the tetracyclmes
500 mg orally every six hours for ten days may be used
cspecially in streptomycin resistant cases

CrANCROID

Many authorities still consider tho sulfonamides as the
drugs of choice in this disease 1n that they are highly effec
tive and do not mask syphilis Sulfadiazine orally 3 Gm.
initfally followed by 1 Gm every six hours for seven days
if buboes aro present, treatment is continued an additional
scven days. The tetracyclines are also effectve 500 mg
every four to six hours for ten days Should a fulminating pha
gedenic chancrold develop aqueous penteillin G 50 000 untts
intramuscularly every three hours s indicated, as such a
complication is usually accompanied by fusospirochetosis

Soap and cater and common sense are the best dirinfectants
Sm VW mitase Osuen {(1849-1010)
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syphﬂistnthefemsinmostinstanees.Aftartheﬁfthmonﬁ],
penicillin G in aqueous solution, 100 000 units intramuscn-
larly every three hours for ten days

Congenital Syphils

Penicillin alone represents the therapy of choice regard
less of the age or severity of the disease. For early con
gonital syphilis pemcillm G aqueous, 200000 wunits per
pound of body weight is given mtramuscularly in divided
daily doses every two hours for ten days In late cases
procame penicillin 100 000 units daily for ten days Is recom
mended. Therapeutic fallures will usually respond to re-
treatment with larger doses of pemicillin, doubling the
orginal dosage and continuing for twenty-one days

GONORRHEA

Peuicillin in adequate amounts will prove successful n
practically all cases of uncomplicated gonorrhea. Procaine
penicillin 600 000 units intramuscalarly is usually sufficlent
for acute cases 1 males m chronic cases and females it is
best to repeat the dose at twenty four and forty-elght hours.
So-called penicillin resistant cases are usually effectively
treated with aqueous penicillin G miramuscularly 50000
umits every three hours for twenty wnjections The tetracy
clines and chloramphenicol are all useful agents mn the
treatment of gonorrhea and are recommended in patients
sensitive to penicillin and in the occasional refractory case.
With any of these wide spectrum drugs 2 to 4 Gm. In
divided doses every six hours is advisable. Complications,
such as arthritis are best treated with penicillin as outlined
above for resistant cases
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LYMIHOGRANULOMA VENEREUM

The tetracyclines arc useful In all stages of lymphogranu
Jomn venercum with the degree of effectiveness depending
on the type and degree of involvement In early cases with
minimal tissue breakdown tho results are optimal while in
cases complicated by fibrosis and fistulae they act as ad
juncts to surgery With any member of the tetracychne
group the usual dosage should be 250 to 500 mg every six
hours for thirty days

GRANULOMA INGUINALE

Streptomyein ond the wide spectrum antiblotics are all
highly cffectivo in the treatment of granuloma inguinale.
Streptomycin intramuscularly 1 Gm. every six hours for
ten days represents the therapy of choice A febrlle response
for several days 15 not unusual and occasionally a translent
urticaria or erythemn, wall appear One of the tetracyclines
500 mg. ornlly every six hours for ten days may be used
cspecially in streptomycin resistant cases

CHANCROID

Many authonties still consider the sulfonamides as the
drugs of choice in this discase 1n that they aro highly effec
tive and do not mask syphilis Sulfadlazine orally 3 Gm
initially followed by 1 Gm every six hours for seven days
if buboes are present, treatment is continued an additional
seven days The tetracyclines are also effective 500 mg
every four to tix hours for ten days. Should a fulminating pha
gedenic chancroid develop aqueous penieillin G 50 000 units
intramuscularly every three hours is indlcated, as such a
complication is usually accompanied by fusospirochetosis

Soap and twater and common sensc are the best disinfectants
Sin W Liase OsLen (1843-1819)
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TUBERCULOSIS

An ideal therapeutic agent capable of destroying the
tubercle bacillus within the tissues of Man ix as yet not avail
able Nevertheless tremendous advences in drug therapy
of tuberculosis have occurred during the past decade. As a
result, the mortality rate has markedly declined, the prog
noss is strikingly improved, a broader surgical attack has
become feasible and, if public health measures were ade
quate 1t would probably be possible to eradicate tuber
culosis

At this time three anttuberculous drugs streptomycin
para aminosalicylic acid (PAS) and isonfazid (INH) con
stitute the most proven agents for the treatment of tuber
culosis Other drugs such as oxytetracycline, viomycin,
neomycin, thiosemicarbazone, and pyrizonamide have been
shown to possess antituberculous activity and may be useful
when the drugs of choice are contraindicated. Also certain
adjuvants {n antimicrobial therapy of tubercnlosis have been
developed but their place in the total picture has not been
clarified. Benemid, administered in confunction with PAS
by mouth may cause some elevaton and prolongation of
PAS blood levels but no fmpressive advantages have been
demonstrated for its use Polyvinyl pyrralidone has been
employed for the same purpose {n the intravenous admin
istration of PAS and may have some virtue occasionally in
that it permits PAS to be given in small doses by syringe
injection and obviates the need for an intravenous drlp
Tuberculin has been used as an adjunct intrathecally in the
treatment of far advanced cases of tuberculous meningitis
with reported success in a fow instances This material is
administered in Incressing doses in order to produce &
Iysis of meningeal exudate with consequent liberation of
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intracellular tuberele bacilli so that the anhtuberculous
agents may better attack the microorganism ACTH and
cortisone have also been employed with suceess in critical
cases of tuberculous meningitis and, although in dosages
used at present they may well depress the defense mech
anisms of the body so that the tubercle bacillus can spread
more casily to other parts of the body the possibility re
mains that a suitable dosage regumen may yet be developed
so that these hormones can be used to advantage in com
bination with antimicrobial drugs in the treatment of tuber
culous meningits. Certainly at this ime tuberculin, ACTH
and cortisone must be more extensively evaluated before they
are considered proven adjuncts in the treatment of tuber
culous meningtis

Streptomycin represents the sheet anchor of antimicrobial
therapy of tuberculosis, although there are two disadvan
tages associated with its use in this disease. Tuberculosis
being a relatively chronic disease it requires prolonged treat
ment, which leads to an increased incidence of drug toxicity
The second disadvantage les in the frequency with which
tubercle bacilli develop resstance te streptomycin. For
tunately both of these disadvantages have been minimized
with the discovery that streptomycin, given every third day
is just as effective as when it is administered dafly which
regimen results in a lower incidence of toxc reactions as
well as in smaller incidence of bacterial resistance (eighty
two to sixty-teven per cent) Furthermore when strepto-
mycin is combined with PAS or INH there is an ndditional
reduction in the incidence of bacterial resistance to strepto-
mycin

In general, the treatment of all types of tuberculosis is
similar in that it requires extension over comparatively long
perlods of time However certain forms of the disease re
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spond more dramatically than do others depending on the
degree with which necrotic matenial may slough into the
environment and the acuity of the pathological reaction.
Ulcerative lesions which communicate freely with the en
vironment, such as mucosal leslons (ulcers in the respiratory
or gastrointestinal tracts for example) are able to discharge
their necrotic contents readily and healing thuy takes place
more rapldly The acuty of the pathological reaction is
perhaps the major determining factor in the rapidity of
response to antituberculous treatment. This is true whether
the lesion is parenchymal, mucosal, or serosal

Pulmonary Tuberculoas

Tuberculosis of the lungs constitutes more than ninety per
cent of all tuberculous lesions in this country and does not
respond as rapidly to drug therapy as certain other forms
of the disease such as tuberculous pneumonia and the
endobronchial and laryngeal forms At the present time,
the therapeutic regumen of choice for the average case of
strteptomycin sensitive pulmonary tuberculosls is strepto-
mycin 1 Gm tramuscularly two to three times weekly
combined with 12 Gm. dally (in three divided doses) of
oral PAS or isonfazid 150 to 300 mg daily (in three divided
doses) by mouth. In severely ill patients or in cases of
tuberculous pneumonig, streptomycin should be gven in 1
Gm. daily doses which may be reduced depending on the
climeal response Other effective therapeuhc regimens fo
clude streptomycin 0.5 Gm. or L0 Gm. daily plus PAS
Streptomycin resistant cases are probably best treated with
INH, 150 to 300 mg. by mouth per day combined with PAS
The duration of therapy for pulmenary tuberculosis is largely
dependent upon the extent of the disease and the degres of
cavitation. At this time it appears that the longer a patient
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with pulmonary tuberculosis is treated with drugs the better
are the results although the rapidity of improvement usually
begins to decrease after the first six months of treatment
Nevertheless in some cases, continued treatment for sev
eral years has resulted In striking but gradual improvement
of the disease The most recent concept teaches that a
paticnt should be treated for six months after the target
point has been reached For most patients this means
twelve to eighteen months of uninterrupted therapy In
cases requiring surgery for cavities which fail to close within
five to cight months antituberculous therapy s usually
continued for an additional twelve months If however it
is mot possible to cure (closure of cavitles, conversion of
sputum, and stabilization of the process) the patient on such
a program, it may be advisable to continue the drugs for
an indefinite period of time. This is especially advisable
in those patients who have negative sputum and persistent
cavitation in that it is to be expected that within six months
after cessation of drug therapy such patients will have re-
lapsed bacterlologically and agam present a positive sputum.
At this point, the sputum will contain drug resistant bac

teria, The rationale for indefinite treatment in such cases
is one based largely on the public health aspect of the dis

eass, since if it is at all feasible, it is desirnble to maintain
sputum conversion in those patients who cannot be cured
for varous reasons but cesss to excrete tubercle bacilli
while on drug therapy In this way contaglon can be dimin

ished and the patients diseass usually does not become
worse There remains a considernble number of patients
who despite prolonged antimicrobial therapy continue
to excrete tubercle bacilli into their environment This group
of paticnts remains a serious problem which as yet has not
been solved by drug treatment.
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Although many cases of tuberculous pneumonia will show
almost complete regression within a period of six months,
1t seems advisable to continue therapy for an additional
three to six months as not infrequently residual necrotic
tissue remains which sometiunes requires more drastic ther
apy such as resection, in order to avold relapse In general,
the same response to drug therapy is seen In cases of
laryngeal, endobronchial, and intestinal forms of the disease,
although these often represent complications of pulmonary
tuberculosis and require prolonged therapy

Pleural Effusions

Pleurisy with effusion in an otherwise apparently healthy
individusl must be considered as tuberculous in origm
untl]l proven otherwise. Often {t is an expression of hema
togenous tuberculosis and is frequently followed by pulmon
ary disease Therefore, all such cases should receive ant
tuberculous drugs for a minimum of six months whether ar
not a parenchymal lesion is demonstrated by x rays.
Pericarditds and Peritorutis

Serosal forms of tuberculosls, such as pericarditis and
peritonitis are almost always acute processes and therefore
respond rapidly to drug treatment. However many cases
of serosal tuberculosts are complicated by more serious dis
eases elsewhere in the body and the prognosls depends upon
the nature of the more serious forms than upon the serosal
lesions and treatment is therefors determined upen the
presence or absence of such diseases

Miliary and Menngeal Tuberculoms
Thwetwotypesoftuberculosisrepresentthemostdlf
ficult problems in drug therapy and since they are closely
related forms of the disease they are best included in the
same discussion The prognosis differs somewhat depending
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on whether wo are dealing with each form sepamtely or
with o combination of the two Millary tuberculesis has in
general a better prognosls than tuberculous meningits
when it occurs without meningeal fnvolvement This is
probably because the miliary pulmonary lesions have a
pathway for discharge of necrotic materdal, through the
respiratory tract into the environment, if necrosis should
occur This, of course is not true of tuberculous meningitis
since the diseasc is confined within a rigid space The treat

ment of these forms of tuberculosis is still not woll defined

but, in general the regimen of choice Is streptomycin 2 Gm.
daily plus PAS 12 Gm and usually INH 200 to 300 mg.
daily Treatment is continued for at least one year with the
dosage of streptomycin reduced to 1 Gm daily if the re-
sponse is satisfactory In comatose patents all thres drugs
are given parenterally untl oral admimistration of PAS and
INH becomes feasible Although intrathecal streptomycin
(20 to 50 mg. every other day) in tuberculous memngitis
is still employed during the inihal weeks of treatment by
some Imvestigators this procedure is being rapidly aban

doned. The ultimate value of intrathecal PPD and ACTH and
cortisone in terminal cases of tuberculosis meningits sl re-
mains to be determined. However in those patients present

ing clinical and laboratory evidence of adrenal failure one is
fustified in administering relatively small doses of hydrocort!

sone (50 to 75 mg daily) in combination with antimicrobial
therapy

Genutourinary Tuberculosis

For the most part, the antimicrobial treatment of tuber
culosis of the genitourinary tract {s the same as outlined for
pulmonary tuberculosis Although symptomatic response
occurs more rapidly when streptomycin is given daily con
tinuous therapy should be avoided because of the emergence
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of streptomycin resistant organisms and drug toxcity In
uremic cases the dosage of streptomycin should be halved
if it is given daily The conversion rate of urine cultures in
patients with renal lesions is well over sixty per cent at the
end of elght months and reaches eighty per cent at the end
of twelve months of drug treatment. The urine conversion
rate is even higher m cases of prostatic tuberculosis, but
does not necessarily reflect healing of the foct in the prostate.
Patients with pyelographic evidence of remal tuberculosis
usually show very little progression of the destractive proc
ess even after drug therapy is stopped. The treatment of
cholce for urine positive unilateral destructive renal tuber
culosis and epididymitis continues to be surgery m con
junction with the use of specific antimicrobial agents. Post
operative drug therapy is continued until pyura disappears.
Other Types of Tuberculoss

The same principles of specific antituberculous therapy
apply to the disease wherever it may develop Tuberculosis
of the bones and joints usnally requires surgical interven-
tion, although when confined to the synovial membrane,
medical treatment alone may prove sufficient. Both tuber
culous peritonitis and endometritis usually respond well to
drug therapy as does lymphadenitis and cutaneous lesians

Antituberculous Agents in Surgery

The surgical management of tuberculous lesions has been
markedly altered by the use of these drugs In gemeral,
surgery of both pulmonary and extrapulmonary tubercu
losis is most lkely to be successful if several months of
medical therapy is completed before operation. However
in cases demanding more fmmediate surgical mtervention,
preoperative medical therapy for twenty four to forty-eaght
hours will provide adequate tissue concentration of the anti
tuberculous drugs to which the bacilli are sensitive.
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Antmuciobal Therapy of Specific Infectious
Discases (Confinued)

MUSCULOSKELETAL INFECTIONS
Arthrids

ACUTE suppuratn e arthritis can be caused by any pyogenic
organism, the most frequent being the gonococcus tuber
culosis pneumococcus and staphylococcus Therapy is di
rected towards the selecHon of the appropriate antiblotic
which fs given systemically in relatively large amounts and
at times locally into the joint cavity since penetration is poor
although massive dosages will usually compensate for this
drawback. Against penicilln sensitive organisms aqueous
penicillin G 200 000 to 500 000 units Intramuscularly every
three to four hours plus 50 000 umits locally every twenty

four hours to forty-eight hours into the foint space as in

dicated In certain instances The treatment of other types
of this diseass is determined by bacteriologlcal and sensitivity

studies
Ostcomyelius

Most cases of osteomyelitis are caused by the staphy lococ
cus and streptococcus although any pyogenic organism is
capable of reaching the bone In general, the treatment of
this disease consists of the prompt administration of an
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effective antibiotie i early cases This may avoid surgical
intervention however the evacuation of confined pus and/ar
the cleansing out of all infected dead bone are important
factors in the successful management of this disease. Pent
clln (aqueous penicillin G 200 000 to 500 000 units intra
muscularly every three hours) represents the drug of cholce
for imtial treatment before the causative organism has been
identified. Subsequent studies may require the use of another
antibiotic agent such as erythromycin 200 to 400 mg every
four to six hours by mouth or 250 mg every six to eight hours
intravenously Onme of the tetracyclmes 500 mg. every four to
six hours orally or 100-500 mg intravenously every six to
twelve hours is also of value m such cases

INFECTIONS OF THE ORAL CAVITY

For the most part, infections involving the membranes of
the oral cavity represent buccal manifestations of systemic
diseases or an extension of an inflammatory process from a
nearby site. There are, however certain local infections in
volving the tongue mouth, and gingivae which are amenable
to antimicrobtal therapy
Glosntis

Although the tongue usually serves as a mirror of infection
elsewhere in the body on occesion the disease is primary
Painful ulceration of the tongue may represent a strepto-
coccal infection and is best treated with oral penicillin,
950 000 units every four to six hours for five to seven days,
or fn severe cases aqueous penicilin G 800000 units
intramuscularly every six to elght hours
Stomatitis

Ulceromembranous stomatitis (Vincents angina, trench
mouth) represents a specific fusospurochetal disease involv
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ing the mouth throat, or gums that responds dramatically
to antibiotic thernpy especially penicillln (procaine pent
cllin 600000 units intramuscularly followed in twenty
four hours by penidllin oral 250 000 units every six hours
for forty -cight to seventy-two hours)

Among the other primnry infections of the oral cavity is &
nonspedific type of ulcerative stomatitls which may progress
rapidly to a gangrenous state and prove fatal if not treated
in fts early stages Usunlly this diseasc is caused by a mixed
infection and is best treated with tetracycline or oxytetracy
cline orallv (500 mgm ) or intramuscularly (100 mg ) every
four to six hours, as necessary

Ludwig s Angina

A widespread cellulitis involving the floor of the mouth
and usually caused by streptococei or occasionally staphylo-
coccl This disease demands prompt and forceful antimicro-
bial therapy with aqueous penicllin G 200 000 units every
three hours

Dental Infections

Just as in the practice of medicine antimicrobial agents
are being used in ever increasing quantities in the field of
dentistry Although the management of dental infections be-
longs primarily in the hands of the skilled dental or oral
surgeon there are many instances where the physiclan {s con
fronted with such problems as they are related to the general
care of the patient Certainly the use of antimicroblal agents
in such instances demands a close cooperation between the
dentist and the physician,

Antimicrobial agents are applicable in the fleld of dentistry
beth from a preventive and curative standpoint Prophylac
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tically these agents are employed m individuals with valvalar
or congenita] heart disease in whom extraction or surgical
dramage is contemplated, in order to reduce the potental
hazard of subacute bacterial endocarditis, All such cases
should receive penicilin (procaine penicillin 300 000 units
intramuscularly) preceding the operative procedure and at
twenty four and forty-eight hours afterwards or oral pem
cillin (250 000 units every four hours) for twenty four hours
before and forty-eight hours afterwards Patlents unable to
tolerate penicillin may be given oxytetracycline or tetracy
cline 500 mg by mouth every six hours for twenty four hours
before and forty-eight hours afterwards Furthermore, the
antmicrobfal agents are now being used m virtually all cases
of major maxillofacial surgery in the belief that this practice
has reduced the madence of infections of the soft tissues and
bone.

Therepsuticatly the antimicrobial agents are bemg used
successfully 1n a variety of conditions such as root canal ster
flizations necrotic pulps abscesses cellulitis Vincemts an-
gina, and localized osteitis or “dry socket” followng tooth
extraction. For these purposes penicillin and the tetracyclines
represent the drugs of choice.

Ocular Infections

With the advent of modern antimicrobal therapy has come
a better understanding of the causes of ocular infections and
their management. In view of the frequency with which they
ere encountered 1n the general practice of medicine and the
effectiveness of these agents many especially some of the
extraocular infections are being successfully handled by the
general practiioner Nevertheless a substantlal number of
ocular infections are subsequently seen by en ophthalmic
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physician because of exrors of diagnosis inadequato treat
ment, or drug complications,

In general, the selection of an ant{biotic for the treatment
of ocular infectons is determined by (1) Tho sensitivity of
tho invading organism (2) location and seriousness of the
infection and (3) capacity of the drug to induce hyper
sensitivity While in many Instances the nature of the infec-
ton is recognized clinically the fact remains that intelligent
antimicrobial therapy is dependent upon a bacterlologleal
diagnosis, in order that the appropriate agent, or agents be
administered. Whercas the topical application of an antibiotic
alone will often successfully eradicate an infection it may be
necessary in other instances to administer the entibjotics sys
temlcally or by local {njections into the eye, or periorbital
areas The choice of method for administering antibiotics is
determined by the relative capacity of these agents to pene-
trate or diffuse into the eye In the main, none of the avail
able antibiotics in the dosages commonly employed in the
treatment of most systemic infectlons will not diffuse sufl
ciently mto the eye to produce therapeutically effective con
centrations although diffusability is greater in the presence
of inflammation For this reason, retrobulbar inoculations
direct injection into the globe and subconjunctval injections
are frequently necessary Of the currently used antibiotics,
penicillin is recognized as the one most frequently inducing
hypersensitivity especially when applied topically For this
reason plus the relatively high Incidence of penicillin resist
ant staphylococel encountered in ocular infections the tetra
cychnes erythromyein bacitracin, and polymyxin B are being
employed for many types of theso infections Furthermore,
recent experlence indieates that the concomitant local and/or

systemic use of hydrocortisone produces more immediate
results,
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Extraocnlar Infections

Blepharitis

Squamous, or ulcerative blepharitis, a bacterial infection,
is usually caused by the staphylococeus or streptococcus and
is treated both locally and systemically with a wide spectrum
antbiotic—oxytetracycline or tetracycline (5 mg per Gm. of
ointment base, plus 250 to 500 mg every six hours by mouth)
As a result of sensitivity studies it may be necessary to em-
ploy one or more of the other antibiotic agents.

Conjqunctiis

Infections mvolving the conjunctivae may be produced by
bacteris or viruses and may be either acute or chronfc in
nature. Most cases of acute bacterial confunctivits are pro-
duced by Hemophilus influenzae (Kochs-Weeks) the pnen
mococcus the staphylococcus or the gomococcus

Bacterial Confunctivitis
Ophthalmia neonatorum

A conjunctivitis seen in the newborn, while for a consider
able time regarded as being caused, in most instances, by
the gonococcus has more recently been shown to have 2
greater mcddence of staphylococeal and pmenmococeal et
ology although the gonococcus continues to be involved
While at the present Hme the antibacteral agent of choice
in the prophylaxis of this disease 1s controversial, in that many
states still require the routine use of silver nitrate, despite
the demonstrated effectiveness of penfcillin.

In the treatment of ophthalmia negnatorum aqueous peni
dllin G intramuscularly 3000 tnits per pound of body
welght, 1n four equally divided doses daily plus local pend
dﬂtu,lOOOOOxmitspermlMdmpsintobothcyﬁ,‘ﬂﬂ
prove effective and at the same time will prevent spread of
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the infecHon. Moro recently the tetracyclines have been
used orally and locally with good results,

Adult Genocoreal Confunctivitls

Adult gonococeal conjunctivitis is usually acquired by self
{noculation from a genital infection and is seen most often in
doctors and numses working with gonorrheal patlents 1t is
treated in essentially the samo manner as outlined above for
conjunctvitls neonatorum Aqueous penicillin G 200 000
units intramuscularly every threo hours combined with in
stillations into both eyes

Conjunctioitis (Other than Gonococcal)

\ost cases of acute conjunctivitis due to organisms other
than the gonococcus can be successfully treated with local
application of ene of the tetracycline group of antibioties (5
mg. per Gm. of ointment base) every four to six hours.

The commonest caunse of chronic bacterial confunctivitis is
due to the staphylococcus and is often aszociated with  bleph
aritls with treatment directed toward this latter condition

Viral Confuncttoitis

Although a number of viruses give nse to conjunctivitis,
only two produce infections which are known to be amenable
to treatment with antimicrobial agents These are trachoma
and inclusion conjunctivitis the etiologic agents of which re-
semble the viruses of preumemitis psittacosis and ornithesis.

Trachoma
Good results have been obtained in the treatment of this

diseass with the local or systemic use of the sulfonamides

and the wide-spectrum antibiotics especially chlortetracy
cline and oxytetracycline The recommended treatment ut
present for acute cases is chlortetracycline ointment (0.5 per
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cent) every six hours for ten days With cases of longer dura
tion (four to eight weeks) treatment is required for fourteen
to thirty five days Chroric trachoma requires therapy for
two to three months before complete healing occurs

Inclusion Confunctivitis

The treatment of this disease 15 essentially the samo as out
lined above for trachoma.

Acute Catarrhal Confunctivitis

As a rule this disesse is self limiting, but antimicroblal
therapy will shorten its duration and prevent complications
Most cases wall respond satisfactorily to drops of wide-spec
trum antibiotcs administered around the cloch.

Keratitss

Inflammations of the cornea may be caused by a variety of
bacteria among which are the staphylococcus pneumococcus,
Pseudomonas Proteus Hemophilus tubercle bacillus and the
Treponema of syphilis In general, treatment is directed at
the conjunctivae and lid border and is determined an the
basts of {dentity and susceptibility of the mvolved pathogen.
Combinations of antibfotics and hydrocortisone locally and,
in selected cases systemic therapy represent the best form
of therapy

Orbital Cellulinis

Ths disease is seldom primary in that it usually represents
an extension of mfection from the accessory nasal sinuses ot
testh, or metastatic spread from infections elsewhere. Antl
microbial therapy in the form of penlcillin (aqueous penjeil
lm G 200 000 units every thres hours or tetracycline, or oxy
tetracycline 250 to 500 mg every four to six hours by mouth)
is indicated.
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Cavernous Sinus Thrombosis

Cavernous smus thrombosis usually represents an exten
slon of an Infection from the nasolablal aren, nose or orbit
and demands prompt and foreeful therapy Aqueous penfeil
lin G should be given intramuscularly 200 000 units every
three hours In stubbom cases the possibility of a penicillin
resistant organism must be considered Lrythromyein intra
venoush 250 mg every six to elght liours is indicated in such
instances,

Intraocular Infections

For the most part, Intraocular infections are the direct re
sult of traumatic or surgical msult to the eye, although some
represent an ocular manifestation of a systemlc disease. Re-
gardless of the cause, successful treatment requires prothpt
and vigorous therapy both systemicallv locally (topical and
intraorbital) The same principles of therapy apply here as
outlined above for heratitis However in traumatc cases, the
possibility of gas bacilli and tetanus should not be overlooked.
Furthermore since most traumatic cases and a number of
postoperative mfections are due to the staphylococcus, one
is justified in starting massive doses of crystalline penicilhn
G intramuscularly 500 000 to 1000 000 units every two to
three hours Subsequent bactenological studies may indicate
the need for some other antibiotic agent notably erythro-
mycin for penicillin resistant staphylococe!

INFECTIONS OF THE SKIN
The adyvent of the antimicrobial agents has revolutionized
the therapy of skin discases Although penicillin is effective
In many of these Infections its use topleally is not recom
mended because of its allerginicity There are other more
effective antibiotics for local treatment, especially in mixed
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mfections namely bacitracn polymyxin, and neamycin.
Recently combined hydrocortisone-antiblotic therapy has
produced beneficial effects in certain stubbom infections of
the skin.

Impetigo

™ost cases of impetigo will respond to local applications
of neomycin or bacitracin ointment. To patients with exten-
stve lesions and those who fail to respond to local therapy
within forty-eight hours tetracyclne or oxytetracycline 250
to 500 mg every four to six hours should be given.

Funumcles and Carbuncles

Staphylococcal infections of the skin are a common occur
rence and, unless the lesion or lesions are not numerous or
deep-seated, conservative treatment alone is often sufficient.
However m patlents with diabetes mellitus those in which
the lesion is situated in the nasolabial area, on the nose or
beneath the eye and m those in which conservative meas-
ures have failed, treatment with antibioties should be carried
out promptly Procaine penicillin, 300 000 to 600 000 units
daily or if the infection is severe, aqueous penicllin G
100 000 units every three to four hours Bacitracin ointment
may be used topically as an adjunct to systemio therapy
Erythromycin, 400 mg every four to six hours 15 mndicated
if the response to penicillin is not satisfactory However
sensitivity studies should be carried out, if possible, in ordet
that therapy may be adjusted properly As with other local
tzed pyogenic infections these drugs are not to be used as
substitates for surgical drainage

Erympelas
This streptococcal disease ususlly responds most readlly
to penicillin (procaine penicillin 300000 to 600 000 wnits
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daily ) or in penicillin sensitive patients sulfadiazine (1 Gm
every four to six hours) Either drug should be continued
until the patient has been afebrile for three davs

Pemphipus

The antimicrobial agents arc incffective in thoe treatment
of all types of pemphigus (vulgaris folinceus vegetans) and
are of value only for control of supecnmposed bacterinl in
fection Since cortisone and ACTH copstitute the best treat
ment for pemphigus but their use is associated with lowerlng
of resistance to mfection {f would seem advisable to admin
ister antibiotics ¢g tetracycline or oxytetracycline 250 to
500 mg. every four to six hours

Acne Vulgans

Although the staphylococcus and acne bacillus apparently
assume soms role in this disease, it appears that the ant!
microblal agents are of himited usefulness and are employed
for relatively short periods of time only in severe cases or
at the ttme of operative procedures Tetracycline or oxytet
racycline 250 to 500 mg every four to six hours for five to
ten days

MISCELLANEOUS INFECTIONS
Brucellosis

Brucellosis (undulant fever) may be cnused by Brucella
abortus melitensis orsuis In cases of acute Brucellosis, pres
ent day experlence indicates that the treatment of choice Is
represented by a combination of streptomycin hydrostrepto-
mycin, and oxytetracyeline administered for at least three
weeks The streptomycins are given Intrumuscularly 1 Gm
(05 Gm. of each) every twelve hours for the first seven to ten
days and then, depending on the response may be reduced to
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1 Gm. daily The dosage of oxytetracycline is 500 mg orally
every four to six hours for an equivalent penod of trme and
may be reduced subsequently to one-half of this dosage, if in
dicated Notinfrequently therapy 15 followed by a secondary
nise in temperature especially m debilitated patients who
have suffered with the disease for a long time and presents
no reason for concern or cause for chenging therapy Re-
lapses may occur and require additional therapy In serl
ously 1ll patients aduvant cortisone therapy may be helpful
m controlling the acute manifestations of the disease Fur
thermore favorable results have been obtained with strepto-
mycin-dihydrostreptomyemn (2 Gm. daily intramuscularly)
and sulfadiazine (4 to 6 Gm. daily orally in four to six equal
divided doses) followmg the above dose schedule However
thus latter combination 15 possibly followed by a greater num-
ber of relapses especially in cases due to Brucella suls

Tularemia

Streptomycin represents the treatment of choice fn all
forms of tularemia. In the typhoid or pneumonic cases,
streptomvein 01 to 0.2 Gm is given every four to six hours
until the temperature has been normal for seventy-two hours
with an average dose of 2 to 4 Gm. within five to seven days.
Most cases will respond promptly on this regimen The
dosage 1n ulceroglandular tularemia is less well established
but, in general, smaller doses of streptomycin, 0 1 Gm. every
four hours will usually prove effecive On occadlon the
Herxhelmer type of reaction will occur followmng strepto-
mycin therapy especlally if the tularemic erudates are Jarge-
Tn such cases one should consider treatment es effectlve and
not an indication to increase the dosage of the drug The
tetracyclines and chloramphenicol are also effective in tulare-
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mia and with anv of these agents the usual dose of drug is 250
to 500 mg. every four to six hours for six to ten days

Pinta

Penicillin has been used successfully in the treatment of
this nonvenereal treponematosis. A single intramuscular in
jection of procaine penicillin in ol 1,200000 units will
produce complete healing of the active lesious in most in
stances within four to six months althongh the restdual scar
ring of the discase may persist.

Scarlet Fever

Penicillin administered during the eruptiy e stage of scarlet
fever tends to shorten the duration of fever free the throat
of beta hemolytic streptococel and markedly decrease the
incidence of suppumtis e sequellze. Penicillin is given orally
250 000 units every six hours or procaine penicillin 300 000
0 600000 units dafly or in cases where penicllin is con
traindicated, tetracycline 500 mg. every six to eight hours.
The treatment of established suppurative complications
otitis media, sinusitis, menmgihs, or empyema, is the same
as fn any other streptococec nfection

Infections Due to Bacteroides

Although infections due to the bacteroldes group of
organisms are considered rare they probably occur more
frequently than is indicated by published case reports. No
doubt some of them go unrecognized because of the diff
culties nssociated wath the isolation and identification of the
offending organism and failure to consider anaerobic bac
teria as the infecting agent. The genus Bacterofdes includes
2 group of gram negative nonspore-forming highly pleo-
morphie obligate anaerobic bacilli the cultures of which
are charncterized by the fact that they may be negative at
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forty-eight hours but positive at from four to elght days
The usual source of infection by these organisms is presumed
to be from the alimentary tract of the host from whence
they are transported to other parts of the body by direct
extensfon or by way of the blood and lymph. Not infre-
quently they are found in assoclation with such other in
testinal bactena as E coli CL perfringens and anaerobic
streptocoecl

Bacteroldes have been isolated from a variety of infections
especially tonsillitis otitis media, lung abscess empyema,
appendicits, peritonitis, and endometritis Obviously when
the organisms invade the blood stream, metastatic lesions
may occur anywhere in the body the most frequent sites
being in the hmgs joints and liver Not infrequently Bac
teroides infections have occurred in association with per
forated diverticulitis and after resection of malignancy of
the colon. Since these organisms constitute the dominent
genus of the colon flora, such findings are not surprising.
Bacteroides septicemia is sometimes found to be a compli
cation of tonsillitis child birth, or abortion.

The successful treatment of infections due to the Bac
teroides group depends upon (a) employment of an effective
antimicrobial agent, or agents and (b) detection and eradi
cation of all purulent focl. For the most part, penicillin and
streptomycin, either alone or in combination, are relatively
ineffective Isolated reports attest to the efficacy of large
doses of sulfapyridines in cases of septicemis. The tetra
cyclines and chloramphenicol currently are regarded as the
agents of cholee {2 to 4 Gm. in divided doses daily)

Anthrax

Fortunately most cases of this disease represent the cu-
taneous type which responds strikingly to antimicroblal
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therapy whereas the more severe forms anthrax bacteremia,
or cases with pulmonary gastrointestinal or meningeal in
volvement, often expire within twenty four hours Penicillin
represents the drug of choice in the treatment of anthrax
(agueous penicillin G 300000 units every three to four
hours) whereas lnrger doses (600000 units every three
hours) are employed in bacteremic cases or those with
vesical involvement. Patlents unablo to take penicillin may
be treated with one of the tetracyclines intravenously 500
mg every six to twelve hours in that excellent results have
been obtained with these wide spectrum antibiotics espe-
cially 1n cutaneous anthrax in which cases the drugs are given
by mouth (2 Gm in divided doses daily)

Diphtheria

Diphtheria has become 50 uncommeon fn this country that
experience with the antimicrobial agents is very limited
For the most part, penicillin has only been used in combina
tion with antitodn and this combination has been foumd to
have little if any advantage over antitaxin alone in saving
life and reducing complications In patlents receiving the
combination, the diphtheria organism shows a tendency to
disappear from the nose and threat slightly earlier than in
Ppatients receiving antitoxin alone. Since there seems to be
no adverse effect to penfcfllin it is of value in eliminating
the carrler state and may be useful in patients sensitive to
antitoxin  the following would seem advisable Aqueous
penicillm G 100000 units every four hours or procalne
penicillin 600 000 units for ten to twelve days

Yaws

Rapid clinical cures have been obtained with penijcillin
i the treatment of all stages of this treponemal infectious
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disease. More recently satisfactory results have followed
the use of chloramphenicol, chlortetracycline, and oxytetrs-
cycline, although comparative studies are as yet not avall
able to ascertain the drug of choice. Penicillin G aqueous,
40000 units intramuscularly every three hours for thiry
doses, or 100 000 units daily for a total of 1,000000 mnits,
usually results in a rapid healing of the cutaneous lesions
with the bone leslons responding within several weeks.

Plague

If antimicrobial therapy is started within the first tweaty
four hours in cases of pneumonic plague, the results are
often satisfactory Streptomycin, 2 to 4 Gm. dafly in divided
doses intramuscularly is probably the most effectve dug
although curative effects have been obtained with chlaram
phenicol (3 to 4 Gm. daily by mouth) and oxytetracycline
(8 Gm daifly by mouth in divided doses)

Rickettsial Diseases

The principal nchettsial diseases of Man are the typhms
group which includes epidemic typhus murine typbos,
Bnll's disense, Rocky Mountain spotted fever nckemfnlw;
tsutsugamush! disease (scrub typhus) and Q fever Wi
the exception of rickettsialpos, this group of diseases P
sents serious conditions and best results with antibiotic ther
apy occur when it is instituted early in the disease proce
comcident with the appearance of the rash. Both the teirt
cycline agents and chloramphenicol possess potent r‘*:bﬂ;
astatic properties Thus far chlortotracycline appears t0
the most proven antbiotic. In moderately severo ?ﬁ
chlortetracycline orally 500 mg every four to six '
until the temperature has remained normal for forty-eigh
hours usually proves successful. Intravenous
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cydline (100 to 200 mg every six hours) it ucelnl in coma
tose, uncooperntive or nauscated patients until oral therapy
can be safcly Instituted If the patient remalns felnile for
seventy two hours following specific thempy  the possthility
of a complication must be considered Relapses cepechatly

in cases with Q fever are best treated with the same antl
blotic.

Wal's Disense (chlosplrmh)

Although experimental Infections with I ieterohemor
rhagica have been successfully treated with penlefllin strep
tomycin, or chlortetracycline and encouraging results have
been reported with theso drugs clincally especially chlor
tetracycline the status of the antiblotics n this diveato I1
uncertain. However in view of a lack of a more effective
form of treatment, it scems advisable to employ clhilortetrn
cycline 500 mg. cvery four hours (severc cases should recelve

100 mg. intravenously every four hours) for ten to fourteen
days

Rat Bite Fever (Haverhill T'ever)

Antimicrobial therapy fs indicated In cases of hoth the
spirillar and bacillary forms of this diseasc Penlcillin pro
caine 300 000 to 600 000 units daily or tetracycline or ory .
tetracycline 500 mg. exery six to eight hours for seven 1o
days following the fnitial infury can be expected to prever
the development of systemic manifestations in mmst
stances. In cases of established systemle infection lasr,
doses of the drugs are indicated. Aqueous penlcillin
300000 units every four hours Intramuscularly nr
cycline or oxytetracycline 500 mg. every four hours
least ten to fourteen days (in that relapses gre {
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Smallpox

The common complications of smallpox are largely due
to the bacterial invasion of the vesicles and pustules par
ticularly by the staphylococeus and streptococcus Although
the antimicrobial agents have no influence on the taxemia
resulting from the causative virus they are helpful fn con
trolhng the secondary bacterial infecion Tetracycline or
orytetracycline 250 mg every four to six hours is recom
mended for the latter

Poliomyehtis, Acute Anterior

The antimicrobial egents have little usefulness in the
management of acute poliomyelitis, but are indicated for
the treatment of certain specific complications eg pul
monary and urinary tract infections Also these drugs should
be given prophylactically in cases of urinary retention requir
mg an indwelling catheter (gantrisin 0.5 Gm every six
hours or tetracycline or oxytetracycline 250 mg. every six
to eight hours)

Measles

The incidence of secondary bacterial infections m measles
has been markedly lessened with the use of the antimicrobial
agents Since most of these complicating infections are due
to the beta hemolytic streptococcus or pneumococcus pent
cillin orally 600 units per pound of body weight, every four
to six hours or procaine penicillin intramuscularly 3000 units
per pound of body weight daily will usually prove success
ful. In patients where penicillin is not possible, tetracycline
or oxytetracycline, 5 mg per pound (11 mg per kg ) of
body welght, every four to six hours is recommended
Should bacterial complications occur in spite of prophylactic
therapy sensitivity studies should be performed immed|
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ately Sinco bacterial complications are rarely encountered
i German measles these drugs are not employed prophy
lactically but are used therapeutically when indicated

Hcpatids, Acute Infectious

The course of acute infectious hepatitis has not been
shown to be influenced by the use of the antimicrobial
agents. For the most part, thelr use is reserved for coinel
dentnl infections However they may be administered in
severe cases in hopes of preventing pulmonary and urinary
tract complications Furthermore in such cases many au
thonities are recommending cortisone and ACTH the use
of which is attended by a lowering of resistance Chlortetra
cycline is given 500 mg every four to six hours by mouth
or intravenous chlortetracycline 100 mg every four hours

Mononucleosis, Infectious

The results obtained with the antimicrobial agents in this
infection have been uniformly disappomting, although
chlortetracycline 500 mg. every four to six hours has been
employed successfully in bacterial complications of this
disease Furthermore in severe cases one is probably justi
fied in combining antiblotic therapy with small doses (50-
75 mg ) of hydrocortisone

Cat Scratch Disease

This disease is thought by somo to be caused by a virus
related to the psittacosis lymphogranuloma \enereum group
and, although there s no solid ovidence that the anti
microbfal agents beneflt this disease there is reason to be
lieve that chloramphenicol (500 mg every four to six hours)
when given early shortens the course of the infection and
prevents suppuration of the involved lymph nodes
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Systemic Fungous Infections

Most cases of superficial fungous infections will respond
to various forms of local therapy however treatment of
systemic mycoses presents a more difficult problem. Although
many drugs have shown in vitro effectiveness against fungal
infections in only two of this group of diseases (actinomy
cosis end nocardiosis) have the antimicrobial agents proved
in any way effective. Actinomycosis has been successfully
treated in some mstances with penicillin (procaine penicdl-
lin intramuscularly 600 000 units daily without interruption
for four to six weeks) Many investigators combine penicil
lin with sulfediazine 1 Gm. every six hours until clinical
improvement is definite and then 1 Gm. twice daily there-
after plus fodides and roentgen irradiation to accessible
lesions In cases which fail to respond to the above regimen
or in patients unable to take penicillin, other drugs such
as streptomycin chloramphenicol, the tetracyclines and
mycostatin, may be used. This same treatment is recom
mended for cases of nocardiosis 1n which disease sulfa
diazine represents the drug of choice with one of the
antibiotics as an adjunct. In both diseases it s best to culture
the organism and perform sensitivity tests because of varl
able specles susceptibility

CLOSTRIDIAL INFEGTIONS
(Gas GANGRENE, TETANUE, BoTULISM )

The genus Clogtridium consists of predominantly gram
positive bacilli which are anaeroblc or micro-aerophilic and
which produce spores, The natural hahitats of these organ-
isms are the soil and the intestinal tracts of man and animals.
Clostridial species of medical importance can be roughly
divided into three groups (a) Gas gangrene group (b)
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CL tetani and (c) CL botulinum. The organisms within
theso groups all possess the ability to claborate powerful
exotaxins to which are referable the pathological changes
obscrved in the respective discase processes

Gas Gangrene Group

The organisms primarily involved in gas gangrene are CL
perfringens (CL welchil) CL novyi (CL ocdemetiens) CL
septicum (Vibrion scptiqus or B oedematis maligni) and
CL bifermentans (Cl. sordellii) In about forty per cent of
gas gangrene only one of these species is present, whereas
mixed Clostridia are associated in about sixty per cent of
cases Cl. perfringens is most frequently isolated from gas
gangrene with CL nooyl and CL septicum next in incidence.
In view of this the antitoxins on the market are mixed
polyvalent preparations tn order to provide an antiserum
which will afford protection against the three species

ClL Tetant

CL tctani is the cause of the severe toxemis, known as
tetnnus a disease characterized by convulsive contraction
of voluntary muscle. The organism is more fastidious in its
anserobic requirements than most of the gas gangrene
specles and morphologically shows the wnique tennis
racquet appearance due to the terminal location of its spore.
Lile the gns gangrene bacilll CI tetani produce disense by
the production of extracellular toxins known as haemotoxin
and lethal neurotoxin.

CL Botuhmm

C botulinum is the causative agent of botulism, o toxemla
rather than an infection. Unlile the toxins produced by the
gas gangrene and tetanus bacilli, botulinum toxin resists the
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action of such proteolytic enzymes as pepsin and trypsin
and therefore remains effective when ingested. In the matn,
botuhsm results from the ingestion of food containing toxin.
Vanous strains of Cl botulinum produce specific toxins For
some time two types A and B have been recognized,
although more recently types C D and E, have been dif
ferentiated. The toxins act specifically on the myoneural
junctions and cause death by bringing about respiratory
paralysis

Therapy of Clostridial Infections

‘While sulfonamides penicillin, chloramphenicol, and the
tetracyclines are effective against the bacilli in oftro they
have little if any effect on the toxins elaborated by these
organisms Hence antmicrobic therapy to the exclusion of
anttonin and surgical intervention, where indicated, cannot
be relied upon as a completely adequate measure

In cases of gas gangrene, diagnosed on clinical or bacte-
rlological evidence 1t is well to utilize a polyvalent antitoxin,
either intravenously or intramuscularly prepared from ant
toxin to CL perfringens Cl nooyl, and CL septicum Peni
cillin should be given as adjunct therapy and indicated sur
gery instituted.

Botulinum anttoxin has not given the same favorable
results as have been seen with the other clostridial ant
toxins This in all probability has been due to the use of
inadequate dosages

In tetanus antitoxin is not nearly as effective in estab-
lished infectons as it is when used prophylactically mless
it is given in large doses simultaneously by various routes

Toxolds to induce active immunization, are available for
gas gangrene tetanus and botulinum bacill. Except for
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tetanus where the rolo of toxoids has been unquestionably
established thelr use In gas gangrene and botulinum is not
usually fustificd in the former because of the lack of data
on exposure of persons so immunized, in the latter because
of the comparative infrequency with which the discase is
seen at present

Relapsing Fever

At this time penicilim s considered the drug of choice
in the treatment of relapsing fever although promising re
sults have also been obtained with the tetracycline group of
drugs In general a dosage of 500 000 to 1,000 000 units of
crystalline penicillin G daily in four to six divided doses
intramuscularly for seven days represents adequate therapy
m most cases On occasion the Herxheimer type of reaction
will occur following therapy Likewwse chlortetracycline in
a dosage of 83 Gm. daily at six hour intervals for seven to
ten days has given satisfactory results and 15 recommended
in patients scnsitive to penicillin

Leprosy

Although many chemothernpeutic agents have been em
ployed in the treatment of leprosy the most promising re
sults have been obtained with the sulfones particularly
dapsone Sulfone treatment appears to arrest the disease
in practically every instance although it may take a veny
long time to accomplish this Furthermore when relapses
occur they do o usually within the first year but remain
amenable to subsequent retreatment The criterla for the
therapeutic schedule varies with the type of case Lepro-
matous cases are treated until the disease is clinically in
active and all smears are bacteriologically negative in these
cases a minimum perod of treatment being twenty four
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months In nonlepromatous cases treatment is continued for
a minimum of one year More recently thiosemicarbazone
has been used with encouraging results particularly in
tuberculoid cases of leprosy Since the sulfones may give
rise to certaln toxic effects as a result of allergy such as
exfoliative dermatitis and sometimes hepatitis, thiocarbazone
may be used as an alternate remedy although it, too has
limitatons as regards toxicity and is not recommended for
long term therapy
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Proplylactic Use of Antimicrobal Agents

Tue antimicrobial agents are employed prophylactically in
a voriety of conditions, ranging from the protection of the
unborn to the prevention of complicating infections in the
closing hours of life. In the terms of the tenderloin the
prophylactic properties of these drugs represent the realiza
tion of a politiclan s dream, in that they offer protection to
the individual from the womb to the tomb No doubt, many
types of infections have been avolded by the fudiclous use
of the antimicrobial agents but they have also been employed
ilogically which has added to their mdiscriminate use.
Certainly it seems advisable to limit their prophylactic use
to those instances where the complication to be avolded is
a serous one end one which occurs frequently in the ab-
sence of precautions At this time, evidence is sufficiently
abundant to s2y that these drogs are of value and are fndi
cated in certain specific instances

Prior to the advent of penicillin, it was known that small
doses of sulfonamides (sulfadiazine 05 Gm. to 10 Gm.
dafly) would prevent streptococcal throat infections in a
high percentage of patients and thus recurrences of rheu
matic fever Likewise, penicillin 200 000 units twice daily
by mouth or benzathine penicillin G 1,200 000 units intra
muscular]y every thirty days will give similar results More
recently the tetracyclines (250 mg before breakfast and
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after supper) has been used successfully and should be
value in patients unable to tolerate penicillin or the sulf
amides Regardless of the drug employed treatment is b
continued throughout the year for five years following
last attack of rheumatic fever and routinely to age oighte

Gonorrhea can usually be prevented by oral penicl
250 000 unuts if taken within six hours of exposure althou
if used to the abandonment of mechanical and chemi
prophylaxis will probably lead to an increase of other
nereal diseases, especially syphilis Whereas oral prophyle
for gonorrhea is sufficient, syphills requres intramusct
penicillin 1,200 000 wumits for its prevention. Penicillin
stilled 1nto the eyes of a newbom child is an effect
prophylaxis against conjunctivitis neonatorum Also pe
cillin administered to an expectant mother with gonorr}
and/or syphilis will prevent gonococcal complications
the child as well as congenital syphilis

Many of the recent developments in surgery especis
pulmonary and cardiac, have been aided by the prophylac
value of these drugs in preventing infections following op
ation The same holds true for many other tvpes of surgi
or obstetrical procedures. In patients undergoing lu
bowel resection the sparingly soluble sulfonamides i
fasuxidine or sulfathaladine are administered for five di
prior to operation, although one might question whet
the extent of sterilization thus obtained is of real significan
More recently neomycin in combination with sulfasuxid
has increased m popularity as a preoperative preparat
measure in bowel surgery All patients with acquired
congenital heart leslons in whom oral, rectal, colonic,
transurethral operative procedures are contemplated shiot
recelve prophylactic antimicrobial therapy before and af
such operations



Prophylactic Use of Antimicrobial Agents

During outbreaks of meningococcal infections sulfadia
zine or penicillin are effective prophylactic agents. In the
management of chronic pulmonary disease the use of anti
microblal agents in the prevention and control of super
fmposed respiratory infections has proven valuable The
same i3 true in diseases such as measles in which the bacterial
vomplications are largely prevented by the use of these antl
microbial agents

One of the first dutics of the physician is to educate the masses not
1o take medicine

Sm WL Ozrr {1848-1816)
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Antumerobial Therapy — Looking Into The
Futwre

Ty recent prodigions advances in this field exert & profound
influence on the practice of medicine as within the span
of less than a quarter of a century it has become possible
to effect dramatic cures in a large percentage of patients
sulfenng from diseases previcusly dreaded, as well as to
prevent diseases which formerly proved disastrous Despite
these advancements there remain many unsolved problems
relating to antimicrobial therapy The big gaps are in the
fields of viral, mycotlc, protozoal, and parasitic diseases
certain bacterial infections which as yet have eluded the
nctlon of these agents as well as an increasing number of
bacteria which become resistant to these drugs No doubt
it is but a matter of time before medical science finds the
complete answer to thess unsolved problems with their
realization depending largely on the clarification of the
mechanism by which these agents produce their effects
From a thorough insight Into this phenomenon will come
the ability to construct chemotherapeutic agents for any
and every infectious disense Furthermore, this knowledge
will in turn define more clearly the antagonistic and syner
gistic action of thess drugs and also may endow the clinician
with drugs harmless to the patient and with possibly pre
cise tissue specificity of action
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Although many microorgamsms if uncontrolled, are
deadly enemies of Man, others are harmless and some are
essential to Mans survival. Furthermore the antimicrobial
agents like certain microorganisms are potentlally harmful
to Man, glving rise to a variety of untoward reactions some
of which occur immediately winle others appear long after
their use many of which are mild, but some have proved
fatal. Because of the diverse and peculiar nature of these
side-effects it is impossible to estimate their true signifi
cance In view of the ability of these drugs to sensitize ndi
viduals we may see in the future an increasing number of
more zenous reactions following their use. Likewise more
microorganisms may develop resistance to these agents
Also the continued dislocation of the normal bacterfal flora
of the body by these drugs may result in more diseases due
to organisms which at this Hme are not harmful and, at the
same time may result in the destruction of bacteria which
are helpful to Man 1n his own struggle for exstence There-
fore looking into the future we mav find these antimicrobial
agents will prove to be insidious purveyors of disease, in
that Nature notorlously brooks interference badly and often
1n & subtle way defeats Man before he knows of his undoing
Certninly the danger signals have been hofsted and, until
the 1deal agent is discovered, the physician should limit the
use of these hfe-saving agents to diseases in which their
therapeutic effectiveness has been demonstrated and to re-
frain from employing them prophylactically except when
the complication to be avoided is a serious one and one
which occurs frequently in the absence of precautions
Finally desplte the proven therapeutic value of the ant!
microbial agents it is to be remembered that they are not
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to be used to the exclusion or neglect of other proven forms
of therapy

By obscroing simplicity n your prescriptions pou will always have
the command of a greater number of medicines of the seme class,
which may be used in succerion to each other in proportion as habtt
renders the system invensiblo of thelr action.

Bonuaox Rusa (February 7 1780)






Appendin

PARTIAL INDEN OF COMMERCIALLY

AVAILABLE ANTIMICROBIAL AGENTS
AN mndex of commerdally available antimicrobial agents is
here included. The rather large number of dosage forms of
these agents now on the market precludes, for practical
reasons, a complete and exhaustive listing. However the
pretentation of even a partial list showing representative
preparations together with a specification of the active in
gredients and manufacturers name seemed desirable in
view of its value as a readily available reference source to
the busy practitioner and medical student. The omission of
a product of any manufacturer is not intended to reflect on
the value or relinbility of the product.
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tract, infections
antimicrobdal therapy 119
cholce of ageat, 123
factors to

therepeutic faftures, 120
Incidence of pathogens
and their antibioto sus-
coptibility 128
tuberculosis, See~ Tuberculoxs,
188

Glomsitls

antimicrobla] therspy 162
complicating antihiotic therapy
75

Gonococet  (Nelaseria  gonor

thosas)
bacitracin susceptibility 37
penicillin dosage, 23

Gonorrhea

antimicrobial therapy 182

incidence decroasing because of
antibiotics, 61

of pregnancy meo-pendl in, 18

prophylaxis with antimicrobial
agents 218

Gram negative

bacillt
commonest of urinary tract
128

pathogens,
naturally resistant to pencil-
In, 128
polymyxin sensitivity 35
bacteria
infections tncrmd.n,g. o1
neomycin sensitivity 57
nitrofurantoin sensitivity 40
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Gram-nepatrve (Continued)
cocd, peniefllin eenefthiity 13
orfankms, streptommecdn in, 28
Crm-pocitive bacteria
bacitracin meceptibllin 86
COC sucerptibilite 48
erythromvyedn mcceptibnlity 53
nromvein enseeptibilite 37
nitmfurantein susorptibil ty 40
Cranuloma venereum, antimbiao-
blal therapy 183

i

Haverhill (rat bRe) ferer ary
microbial therapy 20~
Hematurls sulforamide toxie re
action 8
Hemolytie anemla  noute  See
Anemis hem hie acute
Hemopliflus
cartbomveln sensitivity 84
enpthromycin sensitivity 31
nfluen.ae
antlbiotic susceptibilty 69
bacitractn susceptibdlit 57
Pocumonia 111
nulfonamide nusceptibllity 3
tetcycline susceptibflity @9
susceptibls to all known indi
cated antibloticy, 59
Henatiy
infectioos
antimieroblal therapy 209
corthtono and antibioties 50
Otytetracyeline tn 146
mlfonamlde toxic reaction, §
Hktory  talyng, importance {n
making diagnosis 67
Hives. See Urticaria
i Sec Cortisoue
Hypoallerglo  pentcilling, Ser
Peniclllin, 19

1
Totycin. See Erythromycin 33
Impetige  antimicrobial therapy
Infantile
diarthea. See Diarthes infan-
tile 152
paralysis  See  Pollomvelitis

08
Infections  Alto sce particular
Knds and structurey in
vohed
cortisone and antibfotics tn 49
drug resistant See  Complica
tins of antimbcrobtal
therapy and thelr man-
agement, 89
Infectious discases
duagnods 03
accurate dlagnosis essentdal,
01
linken! dingnosis, 97
early diagnoals, 03
etlological diagnosls 84
foci of infection, 80
relativo incidence, Influence of
antimicrobfal  therapy
20
supportlve treatment, 101
bed rest, 101
bowels and bladder care of,
102
dict, 102
fard jntake 103
nuning care, 101
symptomato treatment, 102
Infectious monorucleosls  Ses
Monomucleosis  infec-
thous
Influenza cptdemie, antimicrobial
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Influenzal
meningitis, See Menfugitls, 139
pneumonfa, 111
Tohibitory activity of patient s se~
rum against {solated or
ganizm before and after
therapy 174
Intestinal
antisepsis with antibiotics, 147
infections polymyxin in, 36
urgery
necmydin preopearstively 37
ponmszﬂn prophylacteally

Intraocular infectons, antimicro-
bial therapy 1989
Isoniazid, 38
in tuberculosis, 184
pulmonary 188
should always be given with
PAS 84
with streptomycin, 39
Itching. See Pruritos

J

Jaundice, leptospimal (Wedls dis
ease) penicillin in, 141

K

Keratitis antimfcrobial therapy
108
Klebsiella
incidence in urlnery tract in-
fections 132
nfections of bronchi and hmgs
from antbfotic therapy
87
puneumonia, 111
combined antfbiotic therapy
48

COC in, 112

Klebstella (Conttnued)
sensitivity of some struins
greater to chlortetracy
cline than to streptomy
cin, 84
susceptibility antthiotie, 68
in urinary tract infections,
1382
tetracycline susceptibility 69
L
Laboratory aspects of aptimicro-
bial therapy 51
ant{biotlo susceptibility tests, 53
bacteriostatic ©s bacterfoctdal,
57
cross resistance to antfbiotics, 63
spectrum  (spectra)  antimb
crobie
of antibiotles, 64
of wseful antimicrobial agemts
in vitro 70
susceptibility of organfmms to
antibfotes
companutive in véfro of tetrs-

cyclines, 69
criterfa for interpretation, 65
relative 68
tismo and body distribution
characteristics of ol
blotlcs, 63
Lactobacilli, peniclllin sensfdvity
18
Laryngotracheobronchitls, scute,
untimicrobizl  therapy
108
LE colls of bone marrow due to
ponicillin therapy 20
Ledercillin, 226
Leprosy 213
Leptospiral feundice (Weil's dir-
case) penicliin in, 141
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dicrase)
therapy

Leptaspirons  {Weils
antimicrobial
07
Limtatsem  therapeutic
of penteilling 12
of streptom vin and dihwvdro-
streptomyefn 27
of sulfonamides 2
of tetracve] e 31
Uquacilin 227
Liver abecess streptomyoin and
penlclilm in 143
Locfller s ssmdrome following aer
ool peniciiling theram

0
Ludwigs anpina 103

Lanrg (»)

abseest complieating pnem
monfa 114

bronchopulmonan  Infecti ms
n-

neo-pendl penncation 14
tuberenlosis. See Tuberculons
pulmonan 166
Lymphadenopathy  eotnplicating

antibiotic therapy 6
Lymph node Infections neo-penil
in, 18
Lymphogranuloma venereum
antimicroblal therapy 163
chlommphenicol In, 146
chlartetracycline in, 141

M
Magnamycin, See  Carbomyein
H
Mastoldutfs
antimierobial therapy 105

dizgnosts made difficult by antl
biotic therapy 89

\fenInmtis bacterlal
antmicrobial therapy 135
caused by other gram nega
tive organisms 140
complications, 140
mfuenzal, 139
meningocoecie, 137
nco-penil in 18
sulfonamide therapy 11
pncumococcie 138
penicillin-chlortetracycline
n. 63
taphvlococoie 139
tuberenlous, 188
cortisone and  antibiotics
in, 49
complicating pneumona, 115
pemcill 0, aqueous erystalline,
in, 27
p cudsmonas, polymyxin In, 38
ulfonamide dosages effective,
1
\Memngocoeed
hacitracin susceptibility 36
penictihin susceptibility 13
sulfonamide susceptibility 3
susceptible to all known tndi-
cated antibiotics, 59
Metha \erdiazine Liquid, 229
Methods of Administration. See
Administration methods
Micrococcus pyogencs
tetracycline susceptibility 69
oar aurcus
incidence in urinary tract in-
fections, 132
suscoptibility antblotie, in
urdnary tract {nfections,
132

Measles, antimicrobial lhernpy of Millary tuberculosis, antimicrobial

complication 208

therapy 188
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Mixtures
of antiblotics. See Combined

complications secondary to tet
rucyclines and chloram-
phenicol, 80 §7
vaginitis complicating antfblotie
thernpy 81
Mononucleotls, infections 209
antibiotics with cortisone 48
Mortality
from allergic reactions to ant]
biotcs, 85
from bowel sterdlization with
antibjotcs, 83
Mucous membrane complications
of anthiotlo therapy 75
Musculasketsts] Infections, 181
Mycitracin, 232
Myocarditis
antnicrobia) therapy 177
rulfonamide toxio reaction, 8
Mycostatin, 224

N

Nanses and vomiting
complicating antfhjotc therapy
7

Neomycdin, 57 284

bowel steriltzation, preope
tive, 83

in amebiasiy, 147

in sppendiceal abscety, 147

in diverticultitly 152

in endocardftis, acute hacter!
dus to Pssudomor
aeruginosg 170

Neo-penil, 231. Al sve: Fer

allin, pentbemate, 16

anaphylactold reactions, 18

dosage, 26

fetus, higher peniciliin conce!
trations then with pr
caine penicllin, 18

in bronchiectasis, 18

in bronchitis 18

in lymph nods fections, 18

in mentngitls, meningocooc

18
in pneumanias, bacterhl, 18
in preumonitls, chrook, 18
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Neo-pendl (Confinued)

n rupture of membranes, pro-
longed, during delivery
prophvlactically 18

tn nphils and gonorbea of
pregnancy 18

tng and braln permeation, 17

spinal fluld concentrations, 17

Neopenzine Suspenslon, 228

Neosone Ophthalmic 233

Nephritis sulfonamide toxie rexes
tion, 9

Nervous svystem contral, anti
microblal therapy 135

Nenrtls sulfonamide tode reac
ton, 9

Neurosyphilis. See Syphilis, 181

Nicoms], 224

Nitrofurantein (furadantin) 40

in cystitls 40

in prostatitis, 40

in pyeloncphritis 40

in urinary tract infections 40,
127

spectrum in citro 72

A. acrogencs 40

L. coli 40

grun potitive and gram neg
atve organizms, 40

Proteus, 40

Strcpfococcus pyogenes 40

Nonbacteral endocurdiths. Ses
nonbacter
fal, 176

Nursing care importance in infec.
tious diseates, 101

Nycifrudin, 224

Nydrazid, 294

Nystatin, 224

o}
Ocular infections  antlmicroblal
therapy 184
Oliguria, sulfonamide toxio reac-
tion, 8 82
Ophthalmia neonatorum
antimicrobial therapy 188
prophylaxis, 218
Omucillin Sce  Penicifilin potas
tlum G 225
Onl cavity infections, antimi-
crobial therapy 192
Oml penlcillin, Alto gee Pentcil-
lin, oral, 18
dosage o7
Orbital cellulitls, antimicrobial
therapy 188
Organisns gusceptibla  to ol
known {ndiented antibt
otics, 59
Omithosis Sec Psittacosts
Otitls medla, antimicrobial ther
apy plus dralnage, 105
Osteomyelitis, antimferobial ther
apy 191
Onxytetracyoline (terramycin)
Also se¢ Tetracyelines,
31
and streptomyein
in brucallois, 45 201
in Protewns infections, 127
n orethritly, abacteral, 131

complicating thetspy 78
diarrhea complicating therapy
8

fatty changes in Ii
cating

In acns vulgads,
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Oxytetraoycline (Continued)

in amebingis, 161

in ascarlasis (roumdwarms) 148

in blepharitis, 196

{n cholangitis 146

in cholecystitis, acute 146

in common cold for secondary
invaders, 103

in dental infections, 104

in diarrhea, infantile, 152

in dysentery beclllary 145

in endocarditis acute bacterlal,
170

in enteroblasly (plnwarms, seat
worms) 148

in epididymitls acute, penlail-
Y¥n-resigtant, 129

in gastrolntestinal infections,
145

in hepatitis, 148

in impetigo 200

in influenrs, epidemie, far bac-
terial complcations, 117

inlaryngotracheobronchitis, 107

in measles for complications,

Oxytetraoycline (Condintied)

in smallpox, 208

in  staphylococcal  infectio
penicilin-resistant, @

intestinal antisepsls uso 1
rocommended, 151

in tongdllitls snd pharyngi
bacterial, 106

in trachoms, 197

in urethritis penicillin-resista
130

n viral infections of brain a
meninges, 141

i yawe, 208

susceptibility eriteria for i
terpretation, 65

synerglsm  with other ap
blotles, 45

tissue and hody distribution, t

with streptomycin and hydr
streptomyoin in bruce
losls 45 201

Ozem, antimlcroblal therapy 1€

P

Pan Biotle, 230

Pancreatitis, acute, peniciliin wit
streptomycin ar sulfons
mides in, 142

Parg-gminoselioylic acid (PAS)

18

and dihydrostreptomycin in tu
berculosis, 45

and polyviny! pymrilidone 38,
184

in tuberculasis, 38, 184
I y 188

:haulddwnwbﬂﬁm"m’
sreptamycin or isonfs
d, 84
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Paracolobactnum
tnefdence n urinary tct infee-
Hons, 132
sasceptibilit antibiotic, in un-
nary tract infections 132
tetracycline susceptibility 69
Parncolan, antiblotie susceptibil-
ity 03
FParentracin 220
Parrot fever See Pfttacosls
PAS Sce  Para aminosalicylie

add 38
Pemphigns antimicrobial therapy
201

Pen C Cap 226
Penicilin, 12
snaphylactold ahock, tode re-
action 21
snd antflistaminfcs fn allergle
sates 21
and bacitracin in staphy Jococ-
cal infections, 45 03
and dthydrostreptomycin  col
itls  psweudomembran-
ous, complicating ther
am 70
and streptomyedn
in cholangitls 143
in cholecystitis acute 143
1n endocardiths
bacterial, subacute caused
by Streptococcus feealis
172
enterococenl, 63
in enterococeal infectlons 45
in lver abscess, 143
in puerperal sepsis, 131
and greptomycin or sulfona
mides

in amebic dysentery 142
in pancreatitis, acute 142
In peritonitis, 142

Peniefllin (Continued)

and sulfadiazine In actinomy
cosls, 210
antagonism to wide-spectrum
antiblotics, 44 62
aqueous G
and antitoxn in diphthorla,
205

in angina, Lodwigs, 103

in anthrax, 203

in arthritls caused by penkcil-
lin-sendtive  organisms,

in cellulitis, orbital, 168

i chancrold, fulminating
phagedenic, 183

in conjunctivitis, gonococcal,
197

in endocarditly
bacterial, acute, 170
bacterial, subacute, caused
by Streptococcus virk-
dany 173
in furuncles and carbincles,
200

in glossitis, 103

in gonorrbea,
resistant 182

in ophthalmin peonntorum,
198

in osteomnyelitls, 102

in syphills, congenital, 182

benzathine G (DBED) 15
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Penicillin Penicilin (Continued)

benmth;;?hgigcmz;ad) in mentngits

prop! nse, gram-poddtive and neisserl;
benzyl, 12 138 ~ =

crystalline, dosage 25 meningococede, 138
crystalline penumocoecio, 138

aqueous, in ppeumonia, poeu prophylads, 217

mococeal, 109 {0 ocular infections, 165

G
in intraocular infections,
199
in pneumonia, staphylo-
coceal, 110
denmatitls, contact, from han-
ding, 75
desengitizntion to reactions, 23
dibenzylethylens diamine pent
allin (DBED) Ses
Penicllin, benzathine G,
15
dosage, 23
buffered oral tablets, 27
{ntermittent therapy most ef
ficacious, 25
gram negative bacilli naturally
resistant, 123

in denta] infections, 164
in diverticulitis, 151
in endocarditis
bacterlal, subacute, 172
ponbacterinl,  prophylact
cally 176
in epididymitis, acute, 128
n  gestrofntestinal Infections,
141
in gonorrhea, 182
in lung abscews complicating
paeumonia, 115

270

in pedcarditls purulent, com-

plioating pnenmenis, 118
in pertussis complications, 106
in phnlrgggim, streptococde,

i pleurn] effudons, purulent,
plus streptodornese and
rargical  decorticatian,
114

in prostatitis, 130

in gnugtls for gram-positive
bacterla, 104

in stomatitls, 183

in syphills, 178

prophylaxs, intremusculsr
218

in wrethritis 130

in yaws, 205

mode of action and therapeutio
limitations, 12

oral, 18

dosage, 19 27 41

in glossftis, 192

in gonorrhea prophylaxs, 216

in measles far compheations,
208

in pneumonia,
osl, 110

in soerlet fever 203

penthemate, 16, Also sss Noo-

peanil
pharmacology 13
potasstum G oral we 18
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Penicillin (Continued)
probenecdd  (benemid)  renal
blocking sgent, 15
procalne
and sntitoxdn in diphtherda
205
G
amapln lactadreactions, 21
douages, 25
spinal Auid concentrations,
17
urine excretlon, 17
in actinomyeosts, 210
n erysipelas, 200

Fenleillin (Continted)
tissue permeation, 13 68
concentrations may be higher
than fn plasmm 23
topkenl applications, 19
should be discouraged, 22
todeology 20
anaphy lactold reactions 21
neo-penil, 18
causcy highest frequency di-
versity and severity of
semithvities, 20
descraitiration, 22
arine excretion 14

fu fnruncles and carbunck
200

in meastes for complications
208

in oft
in pints, 203
In syphills, primary snd
secondary 160

in othis medis plus drainage,
105

{npreureonfa preumococeal,
109
in rat bite fever 207
In searket fever 203
in syphilis of pregnancy 181
in viml infections of brain
and meninges 141
red and black tongue compli-
cating therapy 88
excretion, 17
spectrum in otro 69
staphylococen]  resistance 18,
68 &9

sutceptibility  eriterla for in.
terpretation, 65

synerghim with other antibi-
otics 43

thtue and body distribation, 66

with streptomycin and gantrisin
in urethdtis with proz
tatitls 130
Penleillinase  inactivator of pent
ofllin, 13
Penjcombirul, 225
Penoral  See  Penicillin, potas
stam G 225
Proostrep 230
Penthemate See Peniciliin, pen-
themate 16
Pentlds sulfs, 225
Tentresamide 225
Perianal dermatitls camplicating
antiblotic therapy 77
Perfarteritis nodomim
complicating  antbiotie ther

apy
following penfefilin therapy 20
Perfcarditiy

antimicrobial therapy 177
purulent, complicating pneu
monix, 116
tuberculon, 188
Peritonea) cavity
chlortetracyeline diffusion, 66
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Permaden. See Penic{llin, benza
thine G 15

Pexmapen, 227

Permeation of tissues. Al tee
Pharmacology of each
remedy

antihiotcs, 68

neo-peni] into brain and lungs,
17

penicllin, 13 68
Pertussis, antimicrobial therspy

Phthalybmifathiazole used for in-
testinal antisepsds, 150

Phyxical examination, jmportance
in dagnosis 98

Pinta

antimicrobial therapy 203
pemicillin senaitivity 18

Plorworms. See Enterobiasis
Flague antimicrobfal therapy 206
Plaema concentrations of pentedl-
Iin, 24
Pleural cavity
chloramphenteo! diffusion, 67
chlortetraoycline diffusion, 66
erythromyein diffusion, 67
nitrofurantoin diffusion, 87
oxytetraoycline diffndon, 66
penidlllin diffusion, 68
streptomycin diffusdon, 66
sulfonamide dffusion, 67
tetracycline diffuston, 68
Pleural effusions
in pnewmonta, 118
in tuberculosls, 188
purulent, penicillin, streptoder
nass, and surgical de-
cottication in, 114
Poeumocoeel
pentcilin dasage, 23
penidllin sendtivity 13
sulfonamide sensdtivity 3
susceptible to all known indi-
cated antibiotics, 59
Pnsumococcle meningitis. Ses
Meningitis, 188
Ppeamonias
antimicrobial therapy 107
bacterial, 107
complications, manegement,
113
endocarditis, bacterial
acute, 115
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Preumno vay
hacterial (Cont'nucd)
Klebstella, 111
combined antibiotic ther
apy 46
mixed jnfection, 112
neo-penfl in. 18
prermococcal, 109
COCin 47
incidence  decreasing be-
cause of antiblotics 01
staphy Jococeal, 110
streptococeal, 110
treatment 108
nombacterial, primany atvpleal,
110
Fneumonitis  chronic  Also ace
Bronchopulmonary  in-
fectlons, chronte 117

nea-penil i 18
Poliomyelitls, acute anterior ants-
microlial  therapy  of

complications 209
Polyantibiatic therapy  See Com-
Dined antimicrobial ther
apy 43
Polycycline 228
Polymyxin (acrosporin) 35
B

in mentnghtis gram negative,
138 140

in thigellosis, usc not ad
vised becauss of toxicity
of drug, 1684

speetrum, 71

decublt! topleal 36

ram negative bacllll, 83

Intestinal infecttons, 368

intestinal surgery prophylac-

38

tically
Pr-udomonas Infectlons, 3%
95

Polymvyin
spectrum (Cont nued)
ulcers, topienlly 36
Poyvsporin 233
Polvvinv] pyrrilidone with par
aminosalicylic acdd In
tubereulosis, 38 184
Potassom penkeillin C om) vse
19
Pregnancy
fetus, nco-pendl, higher penicil-
lin concentrations than
with procaine penkeillin
C 18
gonorrhea and svphilis of neo-
penilin, 18
rupture of membranes, pro-
longed. neo-penil pro-
phylactically 18
siphitis of See Syphflis 181
Preoperative use of antiblotics,
147
neomycin in, 83
Primary atypleal pneumonia Ses
Pnecumoniay, 116
Probenecid (benemid) penicillin
renul blocking agent, 15
Procal v penicillin G Ses Peni-
clllin
Proctits, ulcemtive, complicating
antiblotio therapy 79
Pronapen, 231
Prophylactic use of antimicrobial
agents, 215
P ogutitls
antimicroblal therapy 128
nit ofurantoin in, 40
with urethritis, penicillin strep-
tomyein and gaotrisin
In, 130
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Proteus
incidence fn urinary infections,
138

increase in growth durlng ther
apy with wide-spectrnm
antbiotcs 78
infections
combined antbiotc therapy
46
gantrisin shows no superior
ity over other sulfoma
mides, 127
nftrofurantoin {n, 40
of bronch! and hings from
sntbiotlc therapy 87
of urinary tract
Deomyvcin in, 87
streptomycin and axytetra-
cycling in, 187
susceptbllity antbiotic, 68

eni, complicating widespec-
trum antibiotic therapy

80
complicating antbtotic therapy
7

Preudomembranons colits Ses.
Colitls, preudamembran
ous

Pscudomonas

astuginoaa
causing endocarditls, acute
b;c(urlll. neomycin in,

170

combined antibiatio ther
apy 48
polymyxin in, 35
susceptibffity antiblotic, 68
in urinary tract fnfectons,
132
infections
of bronchl and hings from
antihiotic therapy 87
of urinary tract, neomycin
fn, 87

polymyxin in, 35 85
tetracycline senstivity 60
Prittacosls (ornithosis) chlortet

shacons. Ses Lomg abscess
complications of antiblotio ther
apy 84
diseases
acute, neo-penil in, 18
chron]

In G as prophylctio
against upper respiratory
infections, 119
infections
smtimicrobial therapy 107
chranle, neo-pentl tn, 18
resulting from antihioticther
apy 87
tuberculosis, Ses- Tuberculoads,
186
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Parpura  hemorrhagica, sulfona
mide toxic reaction 9
Purukent perlcarditis, See  Pert
carditls
Puas
deterrant to sulfonamide action,
1

pot a deterrant to peniclllin ae-
tion, 12
Pyclonephritls
caused by Preudomonas poly
myxin In, 38
nitrofurantoin tn, 40
Pyribenzamine in allergic skin com-
pireations of antiblotic
therapy 76

Q fever 200

R
Rash, tkin
complicating amt{blotic therapy
T4
sullonamide toxic reaction, 8
Rat bite (Maverhil) fever antd
microblal therapy 207
Red and black tongue complicat
ing penicfllin therapy
88
Regional colitis. See Colitis
Relapsing fever 213
Remanden 225
Renal

blocking agents for penicillin,
15

1 1

See Tuberaul
Resion P.ALS., 298
of bactera
of staphylococcd to penicillin,

Resistant ot susceptible In micro-
organisms 54
Rhetmatic fever prophylactc use

of antimicroblal agents,
15
Rickettslze
carbomyein sensitivity 34
erythromycin sensitivity 34
tetracyeline sensitivity 31
Tickettslal discases
antimicrobial therapy 200
incidence increasing, 91
Rocky Mountain spotted fever
antimécrobial therapy 2068
chloramphenicol and cortisone
in, 49
Roundworms. See Ascariasty
Mupturc of membranes, pro-
longed, in delivery neo-
penil in, 18

s

Saliary scerction, pontcillin in, 17
Salmonella
antigenio serogroup and ind-
denco of 165
infections, peomycin in, 147
Salmonellosis
ant!microbic therapy 158
guide to selection of antibtotia,
168
Savorets, 225
Scarlet fever antimicrobtal ther



Sharc{llin,
Shigella infections
chloramphenicol in, 146
neomycin in, 147
stroptomycin in, 142
Shigelloxis See Dysentery bac-
illary 163

Sinorespiratory tract infections,
antimicrobial  therapy
103

Sinusits

antimicrobial therapy phus suit
able drainege, 104

suppurative, serosol penicilin
in, 88

Spotted fever (Continued)
cortisone and chloramphenicol
in, 49
Sputum, sensitivity studies of or
genisms present & ne-
cessity far treatment, 87
Staphylococoal
enterotoxin gastroenteritls, 153

Skin
complications of antimicrobial P ined therapy 45,
therapy 74
Infectt Pmid}lh;;mmas
antiblotics with hydrocarti- ot 1o, 64
sone topically 48 P
antimicroblal therapy 189 A sy:uln‘,' PR
pyog;ﬂa,nmwn pically 139
I fa, Ser Pn !
Smallpox, antimicrobial therapy 110
208
reaistance to penidllin, 88
Solubility of sulfonamides, 3 Stxphylwocdm

Solvets 233
Spectrum (specira)
antimicrobie, of entibiotics, 64
in ofiro of useful antimicrobic
agents, 70
Spinal fluid. Se# Cerebrospinal
floid
Spirochetes. Also eee Syphilis
erythromycin sendtivity to
34
Spotted fever Rocky Mountain,
208
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apy with wide-spectrum
antibiotics, 78

&8
infections, combfned antibiotic
therapy 48
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Stomatiths
antimieroblal thempy 192
complicating antiblotic therapy
74

Streptocin ofntment, 233
Streptococcal
cnteritis in food poisoning, 155
infectioms
combined antibiotic therapy
46
cnythromyvein in 64
fa. Ser

Pn ]
1§

T
streptococeal, 110
Streptocoedt
enthromycin a specific, 33 83
penfelllin sensitivity 13
siforam(de sensitivity 3
Streptococcic  meningitis.
Meningitis 199
Streplococcus
fecalts bacitracin sensithits 64
pyogeney
incidence fn urfnary tract in-
fections, 132
nitrofurantoin scnsitivity 40
susceptibility antibiotic, 08
in urdnary trct infectiony
132
ciridans
and pyogenes susceptible to
all known indicated an-
tiblotics, 59
incidence In urlnary tract in-
fectioms, 132
susceptibility antiblotke, 68
in urnany tract infectons,
132
tetracyeline susceptiblity 69
Sueptobyd.mzid. 232

treptomagma, 227
S!:rep!unydn ond dihydrostrep-
tomycin, 27

Sec

Streptomveln and  dihydrostrep-
tomycin (Continued)
and a broad spectrum antibi-
otic In brucellosis, 45
and ovytetracycline
fn Proteus {nfections, 127
fn urcthritls abacterial, 131
and penidiln
in cholangitis, 143
in cholecystitis acute, 143
in enterococes] nfections, 45
in lhver abscens, 143
in puerperal sepsiy, 131
or sulfonamides
in amebic dysentery 142
in pancreatitis, acute 148
in peritonitls, 142
and sulfadinzine in meningitls,
influenzal, 140
Llood concentrations, 28
combined therapy 83
dermatitls, contact, from han-
dling, 75
hvdrostreptamyein, and oxytet
racvcline in brucellosis,
201
n actipamycoats, 210
in bacteremin, 28
in colitls, ulceratve, acute 142
in diverticahtis, I51
in epldidymitis, tuberculous,
129

in gastrointestinal infections,
142

in granuloma Inguinale 182

in meningitls, gram negative,
136

in ozona, 104

in plague, 208

in pneumonia, Klebafells, 111

in prostatitis, 130
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Streptomycin and dih
tomyvein (Cortinued)
in Shigella infectons resistant
to sulfonamides, 142
in shigellosis, sulfonamide re-
sistent, 164
intestinal antsepsis, use not
recommended, 150
in tuberculosls 27 184
effecttve when given every
thtrd day 185

should always be given with
PAS 84
in tolaremia, 28 202
in urinary tract infections, 28
caused by paracolon girains,

methods of administration, 29

mode of acton and therapeatic
limftations, 27

pharmacology 28

speotrum fn oitro 70

susceptibility criteria for tnter
pretation, 65

synerglsm with other entibi-

45

urine excretion, 28
with penicillin and gantrisin in
urethrdtis with proste
titls, 130
Strycin sulfate 228
Succinylmlfathiezolo
in staphylococeal  enterotoxin
gustroenteritls, 153
used for intestinal antisepsis,
149

Sugarcillin, 227
Sulfablotic, 225
Sulfadiazine, 288 Also ese Sul-
fapyrimidines
and penfcillin {n ectinomycosts,
210
and streptomyein in meningitis,
influenzzl, 140

in shigellosts, 164
mare potent antibacterial agent

than gantrisin or elko-

Snlfameraxine, 296 Alw ses Sul
fapyrimidines

anuria, toxo reaction, 8
crystallurda despite high fhiid
and alkzlf intaks, 6
in shigellosts, 164
Sulfametharine, 226 Alwo ses
Sulfapyrimidines
anuris, toxo reaction, 8
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Sulfametharine (Continued)
ervstalluria despite high findd
and alkal{ intake 6
Sulfa neolin 227
Sulfanflamide 2.6
dosage and effecthy ¢ blood con-
centration 10
marenteral uee 9
resemblance to urea, 4
Salfapytidine in shipellosis 161

Solfapvrimidines  (sulfadtarine
sulfamerazine sulfa
metharine) 2

doage 11

n bacterides infections, 204
{ntrasvenous therapy 11
resermblance to urca 4
Sulfasixarole See Gantrlsin
Sulfas Triple 228
Sulfa-sucracillin, 228
Sullasuridine 296
dosage 11
in diverticulitls, 151
Sulfathalidine 204
bowel steriliration  preopera
tlve 83
dosage 11
Sulfisoxazole diffusion into ceres
brospinal Aluid 5
Salfonamides 1
acetylated forms, formation of
4

and antibioties in combinatjon,
11

Sulfonamides (Continued)
freatest effectivences, 2

in meningtis 136

In prostatitly, 130

in trachoma, 167

mixtares of 5

modo of action and therapentie
limitations, 1

pharmacology 3

spectrum fn eitro 72

susceptibility to, 3

tissue and body distrfbubion,
67

todcology 8
uarine excreton &
S iigonsol with pentelllin, 228
Sulfose 220
S perinfections See Complica-
tions of entimicrobial
therapy ond their man-
agement, 80
Supportive treatment in infectious
disenses. Seo Infectious
diseases,
treatment, 101
antitubercalous  agenty
in 190
Susceptible
organisms to all known Indl

Surgery

and penfcillin or strey
in amebio dysentery 148

contraindientions, 12

diffusion into body fluids, 4

dotages and methods of ad-
mintgtration, 9

criterla for Interpretation, 65

relative, 88

ta tetracyclines, comparative,
in vitro 69
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Sutceptibility (Continued)
of organisms
criteria for interpretation, 65
to sulfonamides,
of Proteus, various species, 127
of uripary tract pathogens, 128
32

Symptomatic treatment in infec
tious diteases, 102
Synergistic action of antbiotics,
45 62
Syphilis
antimicrobial therspy 178
congenttal, 182

latent and late, 180
peurosyphilis, 181
primary and secondary 180
diagnosis may be made difficult
by antbiotic themapy
89

erythromycin sensitivity 34
tid d h

antibiotics, 91
penicillin dosage 23
penicillin sendtivity 18
prophylaxis, 216

T

Tehacyn Oral Suspension, 228
Terfony] 229
Terramycin. Ses Oxytetrucycline
Tests
antbiotic susceptibility 52
possibilities of errar 60
sensitivity valus of, 68

of

Tests (Continued)
total Inhibitory activity of pa
tient & seram againgt {so-
Iated organism before
and after therapy 174
Tetanus, 211
Tetracillin Liquid, 228
Tetracyn Intramuscular 232
Tetracychne (achromycin, teta-
cyn)
bowel sterflization, preopera
tive, 83
in acoe vulgaris, £01
in blepharitis, 196
inbronchopulmonary infections,
chronic, 118
in common cold for secondary
invaders, 104
in dental infections, 104
in diarrhea, Infantils, 152
in diverticulitis, 152
in dysentery badlllary 145
in endocarditis, acute bactertal,
170
in epididymitls, scoto, penicil-
lin-resistant, 128

in gastrointestinal infections,
1458

in tmpetign 200

{n influenzae epidemic, for bec-
terlal camplications, 117

in laryngotrachecbronchitts, 107

in measles for bacterial com-
pHeations, 208

in pemphigus, 201

in pertussis, 108

in poeamonia

influenzal, 111
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Tetracycline (Continucd)

in rat blte fever 207

in Salmonella Infections 143
in searlet fever 203

in shositls penteillin-resistant,

{n smallpox, 208

intestinal  antisepsds  use not
recommerded, 151

in tonsillitis wnd pharyneitis
bacterial, 108

fnurethritis, penicillin-residtant,
130

in viral Infections of brain and
meninges, 141

sinceptiblity criterfa for In
terpretation, 63

tise and body distrdbution 68

Tetracyclines  (clilortetracveline

oxytetracycline tetracy
dine) 91

and ciloramphenicol cross re-
sistance 63

blood concentrations cfective
31

in actinomycoss 210

in anthrax 205

in bacteroldes infections 201

In chancrold, 183

in endocarditis, subacute bac-
terial, 172

in gonorrhea, 182

in granuloma inguinale strep-
tomy ein-resistant, 163

in b’mp)l)ogmnulomn venersum,
83

fn meningitis, gram-negative
138

In osteomyelitis 162

Tetracy clines (Continued)

fn pncumoniz atypdeal pr
many 117

In prostatitls, 130

in yphilis 179

in tularemfa 202

methods of administration and
dovages, 32

modo of action and therapeutic
limitations, 31

monilial complications, 80

pharmacology 31

spectrum én oftro T

susceptibility relative in oitro

of bacterial fsolated
from clintcal specimens,
63
todeology 32
Tetracyn, 220

Therapeutic limitations See Lim-
itations, therapeutic
Thrombosis, cavernous sinus anti-
microbial therapy 199
Tiesue
and body distribution of antt
biotkes 66, Also sec
pharmacology of each
remedy
permeation. Ses Permeation of
tissues
Tongue
black, hairy complicating ant!
biotic therapy 75 86
red ond black, complicating
peniciilin thernpy 86
Tomslllitls, antimicroblal therapy
108
Toplcal applications
of bacitracin, 38
of neomycin, 37
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T@f%?ﬂs (Continued)  Tub losis (Continued)
o; 9 a
" god, 22 mwﬂn ofd (PAS})
of polvmyxin, 38 and dihydrostreptomycin, 45
Togc;m‘ o should always be given with
streptom; or isonia-
chloramphenicol, 33 =d, 84 v
isoniarid, 38 renul, antiblotic thermpy 83
neomycin, 87 streptomycin and dihydrostrep-
penicillin, 20 tomyetn in, 27
streptomycin aud dihydrostrep- streptomycin, PAS and INH
tomycin, 29 fn, 63
salfonamides, 8 Tuberculous
tetracyclines, 32 meningits. Ses Meningitis
Trachama, antimicrobial therapy prostatitls. Ses Prostatitls, 130
187 Tularemia

Trench mouth. See Stomatits,
102
Treponemal Infectons ponicillin
sensftivity 13
Truo-cillin, 225
Tsutsugamushi diseass (scrub ty
phuz)  antimicroblal
therapy 208
Tuberculosis
end Addisons disears, cort
sone in, 49
antimicrobial therapy 184
genitoarinary 189
miltary and meningeal, 188
pericarditis and perftonitis,

188
pleural effusddons 188
pebnonary 186
antituberculous
agents in, 190
gastrointestinal,  streptomycin
in, 142
isoniazid in, 38
of bowel, guide to salection of
antibiotlc, 168

antimicrobial therapy 202
streptomycin and dthydrostrep~
tomycin in, 28
Typhatd fever
antimfcrobial therapy 158
continuous, 159
intermittent, 160
chloramphenicol in, 33 64, 71,
85 146 158
and cortisone, 48 160
combined antibiotic therapy 468
guide to seloction of antibiotic,
168
Typhus, sntimicrobial therapy
200

Tyrotrace 233
U
Ulcerative
colitis See~ Colts ulcerrtive
proctitly, Ses Proctitis, ulcera
tHve
Ulceromembranous  stomatitis
See Stomatitls, 192
Ulcers polymyxin topleally 56
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Undess Imie acid In mondlial com
plications of tetracyeline
and  chloramphenicol
therepy 80

Undulant fever See Brucellosls,
201

Urcthral meatns, frrjtation  com
plicating antibjotic ther
a; -9

Urethritis

antimicrobial therapy 130
with prostatitfy, pentefilin strep-
tormyein, and gintrsin
in, 130
Urinasy tract infections
incldence of varons bacteria
132
nitrofurantolin fn 40
Proteus and Pieudomonas, neo-
mytin in 97
scleetion dosage and doration
of thetapy with antimi
croblal agents 133
strepiomycin and dibydrostrep-
tomycin in, 23
sulfonamide therapy 11
susceptibility antibiotic, of url
nany pathogens, 132
Urine

bacterdalogic examination, pro-
ceduro for 125
chlaramphenicol excretion 67
chlortetracycline excretion 68
erythromycin excretion, 34 67
neo-penf] excretion, 17
nitrofurantoin excretion, 67
oxytetracycllne exeretion 66
penicfilin exeretion, 14 68
proenine peniefllin excretion, 17
single specimen for culture un-
relinble, 124
streptomycin exeretion, 28 60

Urino (Continued)
sulfonamides excretton 5 67
tetracycline excretion, 1 68

Urticarda complicating antibiotic

theropy 74 85

v
\agimtfs
complicating antiblotic therapy
97 81
monilial,  complicating
bfotie therapy 81
\enereal discases  antimicrobial

ant-

therapy 178

Vincents anginma. Sce  Angina,
Vincents Stomatits,
192

Viral infections of brain and men-
Inges, 141

“\irus pocumonia” See  Pneun-
monfa primary atypheal,
116
\ omiting
complicating antiblotic therapy
7

mllonamide toxc reaction, 6

w

Watethouso Fridsrichsen
droms, 137
cortisone and antibiotics in, 49
188
Well's diseaso (leptospirosis lep-
tospliral jaundios)
antimicrobial therapy 207
penicillin in 141
Wide spectrum antbiotics. Also
sco Tetracydines
broncly or lungs, infections of
resulting  from  large
doscs 87
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Wide spectrum antibiotics (Con-  Wids spectrum antiblotics (Con
tinusd) tinusd)

in pneumanias pruritas antl complicating, 80
Wound infections, gram-negative
influenral, 111
organisms, streptomycin
poeumococcal, penicillin. and dhydrostreptomy-
resistant, 110 oin in, 28
streptococeal, 110 Wycillin Fortified, 231
low dosage preferable when Y
glven briefly 88 Yaws

mucous memhrane manifesta antimicrobial therapy 205
tions 76 penidllin sensitivity 13






