YDNEY UNI FILE BARCO

vl

S e

| \‘

| |

\l l 1L
I_TNSOOOOZ 14729

HE NAT"™" \//ersiTy 0F SYDNEY LIBRARY

i ™

0000000000000000

‘-...:

CHEMOTHERAPY
WITH

ANTIBIOTICS AND ALLIED DRUGS

By

Jean C. Tolhurst, Glen Buckle,
and
Stanley W. Williams

N.H.M.R.C.

SPECIAL REPORT SERIES No. 6

CANBERRA
1955
Fisher i
(awaiting
storage)
%= at* RA
WNEY



Glo"3

o

: DEPARTMENT OF BACTERIOLOGY
UNIVERSITY OF SYD;\IEY ' , ‘P . SPECIAL R :pORB’ﬁ&&igﬁ\}\]%F()SYDNEY

Fisher (awaiting Storage)
‘ask at Rare Books

615.329 122
0000000619003354

‘Chemotherapy with antibiotics | | o : )
and allied drugs ' 5

Chemotherapy

with
. . . ., . ’
Antibiotics and Allied Drugs |
JEAN C. ToLHURST, M.Sc. (Melb.), and GLEN BUCKLE, B.Sc. (Melb) T
Baciertologlsls to the Alfred Hospital, Melbourne, L ’
’ { and : T

StaNLEY W. WiLLiams, M.D. (Melb.), F.R.A.C.P., :
Physician to In-Patients, Royal Children’s Hospital, Melbourne. »

With c;')ntributions from R *
D;/d B. Rosenthal, M.D. (Melb.), M.R.C.P. (Lond.), -

. . X g
Deputy Director of Tuberculosis, Victoria. -

Hildred M. Butler, D.Sc. (Melb.), , S
Senior Bacteriologist, Royal Women's Hospital, Melbourne. .

Arthur Ni Hill, M.D. (Melb.), D.G.O. (Melb.), F.R.C.S. (Edin.), ;
F.R.C.0.G. (Lond.), L
Honorary Gynacologist to In-Patients, Royal Women’s Hospital, Melbourne.’

J. Eric Clarke, M.D. (Melb.), F.R.A.C.P.,, M.R.C.P. (Lond.), ly
onorary Physician to In-Patients, Alfred Hospital, Melbourne.

John A. Forbes, M.B., B.S. (Melb.),
- Depfsity Medical Superintendent, Queen’s Memorial Infectious Diseases ; S
) Hospital, Melbourne. ot

Bryan Hudson, M.D. (Melb.), M.R.C.P. (Lond.), M.R.A.C.P,,
Clinical Research Unit, Alfred Hospital, Melbourne.

Issued by



-a

e

o~

PREFACE

A BRIEF survey of the present status of antibiotics and allied drugs
in chemotherapy has been attempted.

There is still much that is wnkmown and much that is contro-
versial, but a basic. knowledge of the principles of chemotherapy
is  important, and ignoranee of these has sometimes led to failure
which could have been avoided.

The application of an accurate knowledge of the bacteriology
of an infection, supported by a knowledge of established eclinical
experience in the treatment ef similar infections with antibiotics,
yields the most rewarding results in chemotherapy. When empirical
therapy is necessary, such previous knowledge enables the clinician
to select drugs wisely.

- Recommendations on therapy are based on or supported by
local experience in conjunction with a detailed study of the literature.

-We at the Alfred Hospital owe much to Mr. I. H. Cuming, who
stimulated and encouraged our interest in the correlation of clinical
and bacteriological findings, and to Dr. R. S. Smibert and members
of the Honorary and Resident Medical Staff, who over a period of
years have invited our cooperation in chemotherapy. :

The manuscript is based on notes on antibiotics issued in 1952 to
medical students, and we wish to express our appreciation to Dr.
Ewen Downie, who proposed extension and publication of that work.

The manuscript has beer read by all the contributors and by
Dr. Leonard Cox, Dr. Edgar Thomson (Sydney), Dr. H. McLorinan,
Dr. A. V. Jackson and Mr. Robert Officer. The authors are indebted
to them all for valuable criticism, and advice. Particular sections
of the work have been read by Dr. T. J. Cotter (Innisfail, Queensland),
Dr. A. A. Ferris, Dr. E. S. Mancy, Dr. G. R. Stirling and Dr. J. Reich,
and to them also we are grateful for helpful criticism. Mrs. Elizabeth
@dgers has helped us materially in tracing references.

We wish also to thank Mr. P. M. Wade and other representatives
of manufacturers of antibiofics for their cooperation.
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CHAPTER. I

INTRODUCTION

It is apparent that authorities differ in their opinions as to the
choice of antibiotics and the dosage given. Certain infections appear
to respond equally well to any one of several drugs and it is common
experience that different schedules of dosage may give similar results.
Hence it would be foolish to be dogmatic; but it is reasonable to
make general recommendations based as far as possible on controlled
clinical .and "bacteriological experience rather than on individual
clinical impressions. Such recommendations will need to be modified
at times according to the special needs of certain patients.

Chemotherapy aims at rapid and efficient control of an infection
with a minimum of risk and discomfort to the patient. As experience
accumulates and new antibiotics become available, changes in the
choice of drugs and their administration are naturally to be expected.

The use of antibiotics and the fact that different organisms vary
in their sensitivity to different drugs has made bacteriological diagnosis

. far more important than before.

-While it is possible in a number of cases to guess successfully
at the best chemotherapy on clinical grounds alone, it is important
t0 remember that a clinical entity is not necessarily a bacteriological
entity. Thus any one of a variety of bacteria may cause an infection
of the urinary tract or of a surgical wound. Hence chemotherapy
is more likely to be successful when the bacteriology and sens1t1v1ty
of the organisms are known.

In a seriously ill patient, chemotherapy cannot be withheld

until the resulys of cultures are known, but every effort should be

made to obtain specimens for investigation before commencing therapy
S0 that modifications can be made later if necessary.

In less seriously ill patients it is desirable to establish a diagnosis
before giving chemotherapy. The antibiotics often mask .the
bacteriology even when they do not effect a cure. This is exemplified
in subacute bacterial endocarditis where aureomycin can suppress
the bacterieemia so that blood cultures are negative and the diagnosis
is delayed, and in diphtheria where throat swabs taken after one or
two injections of penicillin are negative and may be fatally misleading.

Laboratory tests which may aid diagnosis and methods for
carrying out sensitivity tests are discussed in the Appendix.

Sensitivity tests have become a routine procedure in most
laboratories. They are not highly accurate but if wisely used and
interpreted with due consideration of the site and nature of the
lesion, and of established clinical experience, they are invaluable.
Close cooperation between the clinician and the bacteriologist is
important.

It is sometimes stated that sensitivity tests in witro are not a
reliable guide to chemotherapy. The bacteriologist reports a
penicillin-resistant organism; meanwhile the infection apparently
has responded to penicillin. This discrepancy can usually be



8

explained. The recovery may have been natural and chemotherapy
unnecessary, or the organism tested may not have been the cause of
the infection. Certain regions of the body possess a natural flora,
more or less numerous and diverse. This flora includes a number of
species which may be harmless in one site but pathogenic or potentially
so in another. Cultures of, for example, sputum, pus from open
lesions, urine and feces may therefore contain pathogenic organisms
not related to the infection, and it is necessary for both bacteriologist
and clinician to remember this. Such a situation does not arise
when the causative organism is definitely known following isolation
from blood, cerebrospinal fluid, a closed abscess. When sensitive
organisms are shown to be present and chemotherapy with adequate
dosage fails, the possibility of an underlying tuberculous lesion or a
fungous infection should be considered.

Sensitivity testing, like every other bacteriological method,
needs to be properly controlled if it is to yield satisfactory results.

CHAPTER II

THE SULPHONAMIDES

The first sulphonamide used in chemotherapy was Prontosil
Rubrum, which was synthesized in 1932. Experimental results in
animals were described by Domagk in 1935, and other workers
described the successful treatment of haemolytic streptococcal
infections in man.

There are three clinically important groups of sulphonamides :
I. The readily absorbed or more soluble drugs.
Those considered here are :
Sulphanilamide.
Sulphacetamide (syn. Albucid)
Sulphapyridine (syn. M. & B. 693).

Sulphathiazole.

Sulphadiazine. 1 The Sulphadiazine

Sulphamerazine. or

Sulphamezathine (syn. Sulpha- Sulpha-pyrimidine
methazine, Sulphadimidine). Group.

Elkosine.

Sulphamethazole (syn. Gantrisin, Urolucosil).

Sulphatriad (a mixture of sulphadiazine with sulphathiazole
and sulphamerazine).

Sulphadital (a mixture of sulphadiazine with sulphamerazine
and sulphacetamide).

I'T. The poorly absorbed sulphonamides.
Examples are :
Nulphaguanidine.
Suoecinyl sulphathiazole (syn. Sulphasuccidine).
Phihalyl sulphathiazole (syn. Sulphathalidine).

9

ITI. Sulphamar (syn. Marfanil), which differs fundamentally i
chemical structure from the first two groups and is not
inactivated by para-amino-benzoic acid or by pus.: It
resembles the first group in being readily absorbed,

I. THE READILY ABSORBED SULPHONAMIDES

Some sulphonamides affect a larger number of species of bacteria
than others. Sensitivity tests are valuable because different strains
within these species vary, some being sensitive and some resistant to
therapeutic concentrations of the same drug. The use of sulphon-
amides over a period of years had led to the selection of resistant
strains so that the empirical treatment of pneumonia, gonorrheea,
hemolytic streptococcal and other infections is not as successful as it
used to be. Penicillin is more reliable. The soluble sulphonamides
are inactivated by pus and are unsatisfactory in the treatment of
closed abscesses, appendicitis and general peritonitis, although they
have some value in checking the spread of infection because of the
high concentrations of the drugs (particularly sulphadiazine) which
are obtained in most tissues. Treatment is very successful when
drainage is present as in urinary tract infections, meningitis and
conjunctivitis.

Sulphanilamide is structurally the simplest of the sulphonamides.
It is active against some coliform strains and Streptococcus pyogenes
but not against pneumococci or staphylococci.

Sulphacetamide has a wider range of activity than sulphanilamide,
and is very soluble. It is active against pneumococci. It may be

" used in urinary tract infections and in local applications to the eye.

Sulphapyridine is also active against pneumococeci, but is toxic
and is not recommended.

Sulphathiazole has the greatest in wvitro potency of the sulphon-
amides, being 50 times as active as sulphanilamide. It is effective
against staphylococci as well as pneumococci. It is very rapidly
excreted so that adequate blood concentrations are difficult to
maintain. Drug fever and rashes are frequently encountered.

Sulphadiazine is not so potent as sulphathiazole in vitro but is
more active in vivo owing to the high concentrations attained in the
blood and tissues as a result of its ready absorption and slow excretion.
It has the same bacterial spectrum as sulphathiazole. It penetrates
readily into the cerebro-spinal fluid and is therefore useful for the
treatment of meningitis. Toxic effects are rare, but owing to the
sparing solubility of the drug in urine, hematuria and anuria may
occur unless adequate fluids are given and alkalinity of the urine is
achieved.

Sulphamerazine resembles sulphadiazine but is more toxic.

Sulphamezathine (Sulphadimidine) also resembles sulphadiazine
but is much more soluble and is one of the least toxic of the sulphon-
amides. These qualities make it particularly suitable for routine
use. However, it does not penetrate into the cerebro-spinal fluid
as well as does sulphadiazine and is not satisfactory for the treatment.
of meningitis unless very large doses such as 3 grams 4-hourly are used.

Elkosine resembles sulphamezathine, but is not readily available
and is not considered further.
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Sulphamethazole. is rapidly absorbed and excreted and very high

concentrations of active drug are found in the urine. For this reason
it has been recommended as the drug of choice for the treatment of
infections of the urinary tract. This is based on the assumption
that in such infections absorption from the urine into the tissues is
more effective than the presence of the drug in the blood and kidney.
In fact, even following large doses relatively low concentrations of
sulphamethazole are found in the tissues, and while this sulphonamlde
hasbeen used with success in infections with sensitive organisms, there
is no real evidence that it is superior for routine use to sulpha-
mezathine or to triple mixtures. Small doses of sulphamethazole
sometimes induce clinical improvement in superficial infections
but care should be taken that the infection is not merely suppressed
(page 62).
.- While sulphamethazole is hlghly soluble in alkaline urine, its
solubility is much less in acid urine and the high concentrations of
drug excreted when the recommended dosage of at least 6 grams
daily is given, may constitute a serious risk of blockage of the renal
tubules unless alkali is also given. Heematuria.and crystalluria
have been reported. Other toxic effects common to the sulphon-
amides also occur.

Sulphatriad or similar mixtures containing several different
sulphonamides may be used, particularly when dehydration is marked
and the urinary output is low, or when only one kidney is functioning.
The concentration of each drug in the urine, with dosage that is
adequate, is insufficient to produce crystal formation, but the total
blood concentration is ample for therapeutic results.

ADMINISTRATION AND DOSAGE

Oral administration is the routine method. Ample fluids should
be given, about one pint for each gram of sulphonamide up to a
maximum of about 6 pints daily for an adult. The urine should be
made alkaline to litmus and should be tested daily. Alkalinity can
usually be achieved by giving 1-3 gram of sodium bicarbonate and
1-3 gram of sodium citrate with each dose of sulphonamide, but more
may be required.

The drug recommended for sensitivity tests is sulphadiazine,
because it is structurally the simplest of the sulphadiazine group and
a great deal of information is available concerning its behaviour.
Organisms resistant to sulphadiazine may be assumed resistant to
other sulphonamides except sulphamar.

Suggested dosage schedules for sulphadiazine or sulphamezathine
or triple sulphonamide mixtures for an adult of 10 stone weight are
slated in ‘Table 1.

An initial dose of from 2 to 4 grams (or more in severe infections)
i given to raise the blood concentration rapidly to an effective level.
In scrious acute infections the injtial dose should be given intra-
venously.

P'Mp(watzons are available for intravenous and intramuscular
injeotion. The sodium salts of sulphathiazole, sulphapyridine and
Lhe gulphadinzine group are conveniently given in 109, solution.
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They are strongly alkaline and therefore irritating and cause sons
necrosis of the tissues, and should be given deeply into the muscle
with the sites of injection well-spaced. Intravenous injections should
be .given slowly. They should not be combined- with a blood trans-
fusion as the alkaline fluid may produce changes in- citrated blood.
They should never be administered intrathecally because owing to their
high alkalinity they may cause permanent damage to-the nerve roots
and spinal cord. Soluble sulphamezathine is the drug of choice. It

TABLE 1
SULPHADIAZINE
Adult Dosage
Sensitivity Interpretation Oral)*

(1) -5 milligrams pe7 centum Very sensitive. 4 grams statim.
1 gram 4-hourly for 4 days.
(In very severe infectijons use Schedule 2). |.1gram 6-hourly for 2 days.

(2) Between 2-5 and 10 milli- | Sensitive. 6 grams statim.
grams per centum : 1-5 gram 4-hourly for 3

days.

1 gram 4-hourly for 3 days.

(3) Between 10 and 20 milli- | Probably resistant. Of doubtful value. Choose
grams per centum ; another drug if possible ;

or try (2) or even

larger doses.

(4) More than 20 milligrams | Resistant.
per centum

Children, weight for weight, have a better tolerance than adults. For children of
average build, give two-thirds adult dose for age 11 to 15; one-half for age
4 to 10; and one-third for age 0 to 3 years.

. * The dosage schedules recommended here and elsewhere throughout this volume are in the main
those in use at the Alfred Hospital, Melbourne. .

is used in severe infections to give an immediate high concentration
in the blood, and is invaluable when oral administration is impractic-
able.  The dosage is from 3 to 4-5 grams statim with subsequent
doses of from 1 to 2 grams 6-hourly.

Duration of therapy may extend to 7 days but should rarely
proceed beyond this. A shorter period may be sufficient but treatment
should continue for 2 or 3 days after the temperature has become
normal.

II. THE POORLY ABSORBED SULPHONAMIDES

. Sulphaguanidine is one of the less potent sulphonamides. It
is rapidly but incompletely absorbed (about 50%,). A dose of 6 grams

. followed by 3 grams 4-hourly, produces in an adult a blood level of

about 5 milligrams per centum, but concentrations of from 300 to
4000 milligrams per centum are found in feeces. It is recommended
in the treatment of bacillary dysentery because it produces a thera-
peutic concentrationin the tissues as well as in the lumen of the bowel..

Succinyl sulphathiazole is of  very low potency. It is wvery
insoluble in water and is not absorbed to any appreciable extent as
such.” It owes its bacteriostatic activity to a slow liberation of
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sulphathiazole in the intestine. An initial dose of 7 grams is followed
by doses of 36 grams 4-hourly.

“Phthalyl sulphathiazole has a bacteriostatic activity in the bowel
some' two to four times as great as that of succmyl sulphathiazole
because relatively more of the phthalyl compound is converted into
free sulphathiazole. The dosage recommended is 3 grams daily in
6-hourly doses. This drug is not considered to be as effective as
sulphaguanidine or succinyl sulphathiazole in the treatment of
bacillary dysentery. It is favoured for preoperative treatment in
operations on the bowel (page 75).

ITI. SULPHAMAR

Sulphamar is not inhibited by p-amino-benzoic acid or by the
presence of pus and can therefore be used, either alone or mixed with
streptomycin, for local application to wounds. When administered
by mouth it is rapidly absorbed and excreted. It is not readily
available for systemic, use, Organisms resistant to other sulphon-
amides such as sulphadiazine may prove sensitive to sulphamar.

Toxi¢ EFFECTS OF SULPHONAMIDES

The most common toxic effects of the sulphonamides including
the sulphadiazine group are headache, mental depression and general
malaise. Nausea and vomiting may also occur, but are rare with the
sulphadiazine group. Cyanosis is common when sulphanilamide is
used. However, these complications are not dangerous and therapy
need not be discontinued.

- Drug rash, drug fever and hmmaturia or renal pain are not
uncommon side effects and if they occur it is wise to stop treatment.

Other complications are rare, but may be extremely serious.
These are anuria, agranulocytosis, hemolytic anemia, aplastic
angemia, purpura, exfoliative dermatitis, peripheral neuritis and
hepatitis. Therapy should be stopped at once.

Many toxic effects are due to sensitization, as for example drug
fever, rashes, some cases of agranulocytosis, and it is important to
enquire whether a patient is aware of previous sensitization. Sensitiza-
tion may occur with any sulphonamide.

The usual toxic symptoms can occur following the administration
of sulphaguanidine, but succinyl sulphathiazole and phthalyl sulpha-
thiazole are practically non-toxie.

Amongst other sulphonamides the sulphadlazme group is the
least toxie. S

CHAPTER III

PENICILLIN
Penicillin was isolated from Penicillium notatum by Fleming in
1929, and was first used as a chemotherapeutic agent in 1940 by
Oham and Florey and their co-workers.

There are five main varieties of ponicillin, namely F, G, K, X
and O.
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"+ Penicillin K is active in vitro but is useless therapeutically. The
other varieties are all active in vivo as well as in vitro, but it is peni-
cillin' G, benzyl-penicillin, which has been most studied and com-
mercially developed and which is the basis of the various forms of
penicillin in common use. Recently penicillin O has become available
commercially in the United States of America and may be used for

~ patients who have become allergic to penicillin G.

The properties of penicillin G, in particular its bactericidal
action (page 30), its low toxicity and the fact that high concentrations
can be attained in the tissues and in foci of infection, make it by far
the most reliable and satisfactory of all the antibiotics for-the treat-
ment of infections caused by bacteria which are sensitive to it.

All strains reported of certain species (T'reponema pallida,
Qlostridium welchii, the gonococcus, meningococcus, Pneumococcus,
Streptococcus pyogenes, Streptococcus viridans and the various types of
anaerobic cocci) are sensitive to therapeutic concentrations of
penicillin, and provided that the identity of the organism is known,
sensitivity tests can be dispensed with. However, different strains
in these species vary in the degree of their sensitivity and higher
dosage is required for relatively resistant organisms. Thus, failure
of therapy can often be explained by inadequate dosage. When
sensitivity-testing is not available, dosage should be increased
empirically ; if it is available it provides useful information for
guiding dosage and may indicate whether inadequate dosage is in
fact the cause of failure in a particular patient, or whether other.
causes should be sought. Sensitivity tests with penicillin are of the
greatest importance for staphylococci because resistant strains are
now common.

CRYSTALLINE PENICILLIN G

Crystalline penicillin G is the only kind of penicillin to be used for
infections which may endanger life, because absorption (followmg
intramuscular injection) is more reliable than with the procaine -salt
and much greater concentrations can be attained, with better penetra-
tion of foci of infection. :

ADMINISTRATION AND DOSAGE

+ Routine administration is by the intramuscular route. Various
dosage schedules and time intervals have been used with success.
The longer the interval, the larger is the dose required to produce the
same effect, but the interval should never be longer than 12 hours.

Since treatment must often be initiated before the results of
bacteriological investigation are known, it is useful to have a standard
routine procedure. The minimum dosage recommended for adults
is' 100,000 units intramuscularly every 6 hours. In acute pneumo-
coccal pneumonia and similar severe infections this dose should be
given every 3 hours for the first 24 hours, after which, if there is a
good clinical response, the interval may be 6 hours. If there is no
chmcal response in 24 hours, the dose should be increased to 500,000
units 3-hourly.

Dosage schedules suggested in relatlon to sens1t1v1ty tests When
these are available are indicated in Table 2.
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Continuous intramuscular or intravenous infusion may be given to
avoid frequent 1n]ect10ns, but contamination and infection with
penicillin-resistant organisms may occur and these methods are:not
recommended. . However; in special cases, such as infection with a
staphylococcus resistant to the usual concentrations of all available
drugs, intravenous infusion may be used to maintain high concentra-

tions of penicillin in the blood in an attempt to overcome the effect:

of penicillinase, and may prove life-saving (54).

. TABLE 2
CRYSTALLINE PENICILLIN G
Adult Dosage
Sensitivity Interpretation (IL.M.)
(1) Between 0-01 and 0-1 | Very sensitive. 100,000 units 6-hourly, or:
unit per millilitre ) 3-hourly for severe in-
k fections.*
(2) Between' 0-1° and 1-0 | Sensitive (except | 500,000 units 6-hourly, or
unit per millilitre. staphylococei, which 3-hourly for severe in-
. .are resistant owing fections.
to penicillinase pro-
} duction). ) )
(3) Between' 1:0 and 10 | Probably resistant. Consider another drug or
units per millilitre: ‘ try 1 million units of
penicillin  6-hourly or
3-hourly. Consider
: R Benemid.}
(4) More than 10 units per | Resistant.
millilitre.

Children over 3 years may have one-half to two-thirds the adult dose ; under
3 years, one-quarter the adult dose.

* Meningitis, subacute bacterial endocarditis -and infections with resistant staphylococci requlre
special sche ules.

T+ Benemid (probemcld) suppresses the excretion of penicillin by the renal tubules and thus raises:
the. blood concentration. It is administered by mouth in 0-5 gram doses 6-houtly. 'Its action is
antagomzed by salicylates

Intrathecal injections may be given in meningitis (page 42)
during the first few days of illness. The daily dose is 5,000 units
for a child and 10,000 units for an adult' in a concentration not
exceeding 2,000 unlts per millilitre. The dose should never exceed
20,000 umts or convulsions may result.

Oral administration is much less rehable than admlmstratlon
by injection in that absorption is irregular and there is great variation
in the concentration attained in different patients. - However, it is
a-useful adjunct in the treatment of minor infections provided that
Inrge doses of at least 200,000 units 4-hourly are given before imeals,
and that it follows treatment with one or more injections.of crystalline
ponicillin G or of procaine penicillin. ‘Oral administration has been
usad in the prophylaxis of rheumatic fever in children (page 72).:

Duration of treatment with pewnicillin depends on the nature and.

Rovority of the infection. “In acute infections, treatment should be
sottinued for a few days after the ‘temperature has returned to normal.
(ro should be taken that patients in hospital are not treated for
Tong Indeflnite periods.
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In meningitis, the time for which penicillin should be given
appears to depend largely on the stage of the disease at which it is
begun. When started early, treatment for 5 days may be sufficient,
but intramuscular injections are usually continued for longer periods
of two to three weeks.

.In subacute bacterial endocarditis, treatment is given for a
mipimum period of four weeks, and in chronic actinomycosis it
may be continued for many months.

PROCAINE PENICILLIN

Procaine penicillin is useful because absorption of penicil]in is
prolonged for a period up to 24 hours and injections can be given at
infrequent intervals.

It is usually stated by commercial firms that a certain dose of
procaine penicillin maintains a ¢ therapeutic concentration ’” of
penicillin in the blood. It should be clearly understood that in order
to be effective the concentration in the blood must exceed the con-
centration required to inhibit the organism. Since different strains
of the same species vary in the degree of sensitivity and the rates of
absorptlon and excretion vary in different patients, the dosage required
is greater in some instances than in others.

(1) Aqueous suspensions such as ‘‘ Penaquacaine G ’’ or * Dista-
qua,ine ?” are suitable for minor infections with sensitive
organisms such as tonsillitis due to Streptococcus pyogenes.

- An injection of 300,000 units maintains a level above 0-06
unit per millilitre in some patients for 24 hours, but owing to
marked individual differences in a,bsorptlon and in the
sensitivity of strains, it is better to use a minimum of 500,000
units per dose in an adult.

(2) Fortified aqueous suspensions containing added crystalline
penicillin G provide a much higher concentration in - the
blood for a few hours following each injection and are
probably superior to ordinary aqueous suspensions, but the
same dosage of procaine penicillin (at least 500,000 units)
should be used.

(3) Oily suspensions containing procaine penicillin and 29,
aluminium monostearate delay absorption even more than
aqueous suspensions, so that injections may be given twice
weekly, although daily injections of 500,000 units are more
reliable. Oily suspensions have been favoured for the

. treatment of syphilis (page 55), but their viscosity makes
them troublesome to handle and their use is not recommended
in other infections.

ESTOPEN

Bstopen (syn. neo- peml) is the hydriodide of the dlethylammoethyl
ester of. pemclllm G. It is not itsell active against bacteria, but it is
claimed that it is hydrolysed in the body to liberate active penicillin.
Tt appears to have a particular affinity for lung tissue, but there is no
evidence-that it is therapeutically more effective than crystalline
penicillin provided that adequate doses of the latter are employed.
Anaphylactoid reactions may occur, and thls drug is not recommended.

PR
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D.B.E.D. PENICILLIN

Di-benzyl-ethylene-diamine penicillin (syn. D.B.E.D. penicillin ;
penidural) is a relatively insoluble, stable salt of penicillin which when
injected intramuscularly in a dose of 600,000 units can maintain a low
concentration of penicillin in the blood for a period of one or even
several weeks. It is already in use for the treatment of gonorrhcea
and early syphilis (page 55), in which the organisms are particularly
sensitive to penicillin and in which default from repeated treatments
may occur. However, there are individual differences in the concen-
trations attained in the blood, and a mixture containing crystalline,
procaine and DBED penicillin (as in ¢ Bicillin all-purpose ?’) is more
reliable than DBED penicillin alone. The mixture may be used in
the treatment of other infections but it is unwise to depend on one
injection which is likely to prove inadequate. Patients should at
least be observed at frequent intervals. A safer schedule is the use
of several daily injections of procaine penicillin followed by one
injection of the mixture containing the DBED drug.

A high incidence of sensitization reactions has been reported
with DBED penicillin.

DBED penicillin may be administered by the oral route in a
dose of 300,000 units or more, but suitable concentrations are not
maintained for periods longer than from 6 to 8 hours. However,
there is some indication that absorption by the oral route is more
reliable than is the case with crystalline penicillin G, and oral pro-
phylaxis in rheumatic fever is under trial.

THE CHOICE BETWEEN CRYSTALLINE, PROCAINE AND
DBED PENICILLIN

In general, crystalline penicillin G is used for infections
endangering life, such as pneumonia, bacterial endocarditis and
meningitis. Its superiority depends mainly on two factors :

(1) The high concentrations obtainable. Thus an organism
might be insensitive to concentrations attainable with
either procaine or DBED penicillin, yet sensitive to those
attainable with large doses of crystalline penicillin. When
it is stated that an infection has ‘ failed to respond to
penicillin ”’, it is important to know what form of therapy
is implied.

(2) Its ability to penetrate a focus of infection or to reach a
‘particular site. In subacute bacterial endocarditis a higher
concentration. of penicillin is’ usually required than in
septicemia. In meningitis, the concentrations attained with
procaine penicillin are not sufficient to ensure passage into
the cerebro-spinal fluid. '

It is claimed that procaine penicillin can be used in severe
infections, particularly following early diagnosis, but there is risk
of failure and its use is not recommended. The conveniénce of
administration once or twice daily naturally favours its choice in less
serious infections such as acute tonsillitis, cellulitis and boils, and in
these conditions it is more reliable than DBED penicillin. However,
DBED penicillin, or preferably a mixture of DBED with crystalline
and procaine penicillin, is now widely used in gonorrhcea and syphilis
boeewuse injections can be given at weekly or bi-weekly intervals with
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satisfactory results. Since DBED penicillin is a relatively new
preparation it will be some time before its value is fully assessed.

Toxic EFFECTS OF PENICILLIN

One of the most valuable properties of penicillin therapy is its
comparative freedom from ill effects. More than 20 million units
daily have been given intramuscularly for a period of several weeks
without harm. When reactions do occur there is no evidence that
they are related to large dosage.

The most important toxic effect of penicillin is the production of
allergic manifestations (22). The commonest of these is urticaria,
but a serum-sickness type of delayed reaction and various dermatoses
such as contact dermatitis of skin or mucous membrane, bullous
eruptions and exfoliative dermatitis may occur. A number of fatal
anaphylactoid reactions has been recorded. It has been suggested
that accidental entry into a vein during intramuscular injection of
procaine penicillin may have caused some deaths, probably by
pulmonary embolism (6). Stomatitis appears to be related to contact
dermatitis in that it rarely occurs except in patients taking penicillin
by mouth.

Sensitivity reactions occur most frequently in patients who have
had previous penicillin therapy and so are more commonly seen now
than previously, but they may occur in subjects who have had no
known previous contact with the drug. In severe cases the use of
cortisone may be considered.

Sensitization of nursing and other members of hospital staffs to
antibiotics has recently become a serious problem (48). Sensitivity
may be acquired at what appears to be a first contact with the drug
or the latter may be handled for months or years before sensitivity
appears. In some cases it has followed an incident in which the
antibiotic was splashed on the skin or squirted into the eye.

Various preventive measures have been suggested, such as the
wearing of gloves, gowns, masks and eye-shields while preparing and
giving injections, but some nurses have become sensitized in spite of
special precautions.

The degree of sensitization varies considerably from a condition
where improvement occurs (after avoidance of the drug for a brief
period and following simple treatment such as the use of calamine
lotion or anti-histamine), so that the nurse may again handle the
drug with impunity, to a state in which she is unable to have any
contact with the drug, and may be obliged to abandon her profession.
Sensitization is often less serious if diagnosis is made early and
treatment is established. There is a difference of opimion as to the
value of a deliberate attempt at desensitization by appropriate
administration of the drug, but successful results have been recorded.

Accurate diagnosis is important since dermatitis may be caused
by contact with plants, cosmetics and drugs other than antibiotics
such as procaine and P.A.S.. ' ~

Herxheimer reactions to penicillin, though frequent in early
syphiliy, rarely appear to have serious consequences. In cardio-
vascular and late neuro-syphilis, however, severe and dangerous
effects may result.

Diarrhma and pruritus ani sometimes follow oral administration.
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CHAPTER IV

STREPTOMYCIN

‘Streptomycin was isolated from Streptomyces griseus by Waksman
and his co-workers, and the first publication concerning this drug
appeared in 1944. It is active against a number of species of bacteria,
but there is extreme variation in the sensitivity of strains, so that
sensitivity tests are necessary.

Dihydrostreptomycin is a synthetic derivative of streptomyecin.
It has the same activity against bacteria but differs in its toxic effects.
It is occasionally used as a substitute for, or in a mixture with strepto-
myecin.

Apart from its great importance in the treatment of tuberculosis
{p. 56), the main use of streptomycin is as an adjunct to penicillin in
the therapy of subacute bacterial endocarditis caused by Streptococcus
foecahs (page 62) and as an adjunct to sulphadiazine or chloramphenicol
in the treatment of meningitis due to Hemophilus influenze (page 44).
It may also be of value in the treatment of pyogenic infections caused
by penicillin-resistant staphylococci which are sensitive to it, or by
gensitive strains of Proteus and other Gram-negative bacilli which are
resistant to other drugs. It should always be combined with another
drug if possible, but is occasionally effective clinically by itself.

- Two factors militate against the use of streptomyein :
(1) Its high toxicity, which strictly limits the dosage.

(2) Highly resistant mutants exist which replace the original
sensitive organisms and make continued treatment useless.
This effect can be overcome to some extent by administering
simultaneously another drug o which the organism is sensitive,
e.g. para-amino-salicylic acid (P.A.S.) in tuberculosis and
sulphamezathine in.pyogenic infections. The second drug
reduces the number of organisms, so that mutation is less
frequent, and is also able to deal with resistant organisms
as they appear.

ADMINISTRATION AND DOSAGE

Routine administration is by the intramuscular route. The
interpretation of sensitivity tests on pyogenic bactena is stated in
Table 3.

Duration of therapy with intramuscular injections of streptomycin
in ordinary pyogenic infections is limited to-from 5 to 7 days owing
to the toxic -nature of ‘the drug, but streptomycin may usually be
expected to exert its maximum effect within this period. In pyogenic
infections it is better to give 6- hourly injections rather than single
daily injections.

In infections which endanger life, treatment is prolonged and

the risk of toxic effects must be taken. In subacute bacterial
endocarditis treatment with 2 grams per day is continued for 4 weeks.

In meningitis ‘caused by Hemophilus influenzee or other sensitive

Gram-negative bacilli-and in brucellosis, a course of several weeks
may benecessary. The dosage and duration of therapy in tubereulos1s
are discussed on pages 57 and 59.
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Intrathecal injections of from 25 to 50 milligrams of streptomycin
daily may be given in meningitis if necessary, but owing to the toxicity
of the drug are to be avoided if possible. .. In meningitis caused by
Hwemophilus influenze their use is recommended. (for a period of from
3 to 5 days only) on account of their apparent value clinically (page 44).
In tuberculous meningitis this method of treatment has been found
unnecessary since isoniazid became available. The intrathecal
injection of dihydrostreptomycin is not advised.

TABLE 3
. STREPTOMY CIN*
Adult Dosage
Sensitivity . Interpretation (T.M.)
(1) 1 microgram (ug) per Very sensitive. ‘ 0-5 gram 6-hourly. -
millilitre. .
(2) Between 1 and 10 pg per | Sensitive. 0-5 gram 6-hourly.
millilitre. i
(3) Between 10 and 20 pg | Probably resistant. |. Choose another drug if
millilitre. . . . possible. -
(4) More than 20 pg per | Resistant.
millilitre.

Children over 3 years may have one-third to one-half the adult dose ; under
3 years, one-quarter the adult dose.

* Benemid does not suppress the excretion of streptomycin,

Oral administration has been used in the treatment of bowel
infections due to Shigella sommei. Streptomycin is very poorly
absorbed from the gastro-intestinal tract, and large concentrations of

- the drug are attained in the bowel contents. This has led to its use.

in prophylaxis prior to operations on the colon, but owing to the
emergence of resistant strains its effect is unreliable.

Toxic EFFECTS OF STREPTOMYCIN AND DIHYDROSTREPTOMYCIN

Prolonged intramuscular administration -of streptomyein or
dihydrostreptomyecin or high dosage over a short period may produce
damage to the eighth nerve. Vestibular function is affected more
commonly than hearing, but most patients achieve satisfactory
vestibular function by compensatory mechanisms. However, if
deafness occurs it may persist in some degree. Deafness is more
likely to occur with dihydrostreptomycin than with streptomyc¢in ;
vestibular dysfunction is more common with gtreptomycin. A
mixture containing equal parts of the two drugs is obtainable and is
thought to reduce the risks of toxicity (27, 57). Streptomycin is
preferred to dihydrostreptomyein although when the usual dosage
schedules for pulmonary tuberculosis are employed, e.g. 1 gram every
other day, toxic reactions with either drug are considered negligible.

" Allergic skin rashes and urticaria-occur and may be severe.
Contact dermatitis may. develop in nurses giving repeated injections
of streptomycin, and its management is the same as for penieillin

« (page 17). Desensitization may be attempted.
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CHAPTER V

CHLORAMPHENICOL

Chloromycetin was isolated by Burkholder from Streptomyces
venezuele and was first described in 1947. In 1948 the drug was
synthesized as chloramphenicol.

It is active against many different types of Gram-positive and
Gram-negative bacteria and against some rickettsize. Its special
value lies in the treatment of typhus and typhoid fevers. It has been
used with success in the treatment of meningitis caused by Hemophilus
influenze and of meningitis and other serious infections caused by
staphylococci resistant to other antibiotics. In minor infections
with sensitive cocci or bacilli it is as effective as the tetracycline drugs
but its use carries the risk of more serious toxic manifestations. It
is sometimes of  value in brucellosis but is usually ineffective in
subacute bacterial endocarditis. Claims for its value in the treatment
of psittacosis and other virus infections have not been substantiated.

ADMINISTRATION AND IDOSAGE

Routine administration is by the oral route. The interpretaﬁon
of sensitivity tests is given in Table 4.

TABLE 4
CHLORAMPHENICOL
. Adult Dosage
Sensitivity Interpretation (Oral)
(1) 2 micrograms (ug) per | Very sensitive. (| About 50 milligrams per
millilitre. { kilogram per day or 3
(2) Between 2 and 10 pg per | Sensitive. | grams per day in 6-
millilitre. L hourly doses.
(3) Between 10 and 20 pg | Probably resistant. Choose another drug if
per millilitre. - possible or try 100 milli-
grams per kilogram per
day.
{4) More than 20 pg per | Resistant.
millilitre.

Children may have 50 milligrams per kilogram per day, or those over 3 years
about one-half and under 3 years one-quarter adult doses.

Chloramphenicol palmitate is a palatable preparation suitable
for children, but it does not give satisfactory blood concentrations
for the treatment of typhoid fever. Itisnot recommended if digestion
is defective.

A special solution for intramuscular and intravenous use is
available commercially. The dosage is 50 milligrams per kilogram
of body weight per day administered by deep intramuscular injection
at 6-hourly intervals. The solution may be used intravenously
provided that it is diluted at least fifty-fold in physiological saline or
59, glucose solution. When preparing dilutions the chloramphenicol
solution should be added rapidly under the surface of the diluent or
precipitation may occur. The rate of intravenous injection should
not exceed 2 millilitres per minute.
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Duration of therapy depends on the severity and type of illness.
In typhus fever 36 hours is often sufficient, but in pyogenic infections
a minimum period of 5 days is recommended. In view of the toxic

properties of the drug it is advised that the period of treatment
should not exceed 10 days unless adequate blood studies are

performed. Periods longer than 10 days are usually necessary in

‘typhoid fever, brucellosis and meningitis.

Toxic BFFECTS OF CHLORAMPHENICOL

Gastro-intestinal disturbances are much less common than with
the tetracycline compounds, possibly owing in part to the fact that
little active chloramphenicol is present in the lower bowel (24).

Depression of bone marrow function occasionally occurs. A

_ number of fatal cases of aplastic ansemia has been attributed to the

drug as well as a large number of cases of depression of marrow

function with recovery after discontinuing the drug. Most cases,

but not all, have followed prolonged continuous or intermittent

- ‘therapy. All of the marrow elements, red cells, granulocytes and

platelets may be involved. The incidence of serious blood disorders
is low, but chloramphenicol should be used with caution.

CHAPTER VI

THE TETRACYCLINE COMPOUNDS

The tetracycline compounds are aureomycin (chlortetracycline),
‘terramyecin (oxytetracycline) and the parent compound, tetracyehne
(syn. achromycin, tetracyn). |

Aureomycin was isolated by Duggar from Streptomyces aureo-

_faciens and a series of articles on experimental and clinical investi-
.gations appeared in 1948.

Terramycin is produced by Streptomyces mmosus, and was first
reported by Finlay and his co-workers in 1950.

Tetracycline was prepared independently at Lederle Laboratories
from aureomycin and at Pfizer Laboratories from terramyecin, and
‘was reported in 1953.

The tetracycline drugs resemble each other and chloramphenicol
in the wide range of their antimicrobial activity, and they are some-

-times grouped with chloramphenicol as the broad spectrum antibiotics.
. They are active against some rickettsiee, but have no specific effect in

virus diseases with the exception - of trachoma. Some activity
-against Bndameba histolytica in acute intestinal amceebiasis has been
demonstrated, but these drugs are useless in the systemic and chronic

-form of the disease. Terramycin is Ssometimes useful in the treatment

-of tuberculosis.

The pneumococcus, hemolytic streptococcus and Hemophilus
influenze are usually sensitive to the tetracycline compounds, but
:straing of Staphylococcus aureus, coliform bacilli* and other organisms
-vary considerably, so that sensitivity tests are important.: It is

* Bacterium coli and related lactose-fermenters.
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common to find that an organism resistant to aureomyecin is resistant
to terramycin and to tetracycline. However, cross-resistance is by
no means invariably seen and it is desirable, at least for the time
being, to include all three drugs in sensitivity tests. There is 1o
cross-resistance between the tetracycline drugs and chloramphenicol.

Since tetracycline itself has been available for only a short tiﬁie,
its clinical value is not fully established, but there is no reason to
believe that it will be less effective than aureomycin or terramyein.

The . tetracyclines are bacteriostatic antibiotics (page 30) and
are not highly effective in chronic diseases. The course of brucellosis
is arrested, but relapse frequently occurs. The drugs are not of much
use in the treatment of subacute bacterial endocarditis (page 62).

ADMINISTRATION AND DOSAGE

Routine administration is by the oral route. The intel'pl’étdtion
of sensitivity tests is stated in Table 5.

TABLE 5
THE TETRACYLINES

Nensitivity Interpretation Adult Dosage
(Oral)
(1) 1 microgram (u.g) per | Very sensitive. About 15 milligrams per
millilitre. kilogram per day or
1 gram daily in 6-hourly
doses.
(2) Between 1 and 5 pg per | Sensitive. About 25 milligrams per

millilitre. kilogram per day or 1-5

| to 2 grams daily in
: 6-hourly doses.

(3) Between 5 and 10 pg per | Probably resistant. Choose another drug if

millilitre. possible. In critically
ill patients consider I.V.
therapy.

(4) More than 10 pg per | Resistant.
millilitre. |

i 1

Children may have the same dosage by weight as adults, or those over 3 years

about one-half, and under 3 years one-quarter of the adult doses. Palatable forms.

are available.

In meningitis the adult dosage may be increased to 3 grams per
day, with corresponding increases for children. ILarge doses over
2 grams per day do not as a rule provide higher blood concentrations,
but: since there are marked individual differences in absorption, their

use is justified in serious infections. Penetration of these drugs into

cerebro-spinal fluid occurs slowly following oral medication and

intravenous therapy is desirable in the early stages of treatment of

meningitis.

Intravenous preparations are available commercially. The dosage
is from % to 1 gram per day. A maximum of 2 grams per day for an

adult should never be exceeded, or liver damage may result. Unfor-
tunately, thrombophlebitis is likely to ocenr, and appears to be more

frequent when the antibiotics are administered by slow intravenous.
drip than when given by separate injection. Each ampoule of 250

28

milligrams should be dissolved in at least 100 millilitres of sterile
saline or distilled water. Methods of administration in order of
preference are :

(1) Separate injections given 12-hourly over at least a 5-minute
period according to volume. The rate of injection should
not exceed 100 millilitres in 5 minutes.

(2) Addition of the drug to the drip tube of an intravenous
infusion set followed by rapid flushing with the infusion.

(3) Incorporation of the drug in an intravenous infusion, e.g.
glucose, saline or blood, together with 1,000 units of heparin
per litre bottle.

An intramuscular preparation of terramycin is available com-
mercially and consists of equal parts of terramycin hydrochloride
and magnesium chloride in 29, procaine hydrochloride. The dosage
for an adult is 100 milligrams (in a volume of 2 millilitres) administered
at 8-hourly intervals. Children may have from one-quarter to
one-half adult doses according to age. Since pain and induration
occasionally occur at the site of injection, administration is by deep
intramuscular injection in gluteal muscle, and injection sites are
alternated. Intramuscular treatment with terramyecin is indicated
when oral therapy is not feasible. Its value is established, but
intravenous therapy is still preferred in the early stages of acute
illness such as meningitis and general peritonitis.

Duration of therapy depends on the severity of the illness. Clinical
response usually occurs within 48 hours, but in pyogenic infections
the minimum period of treatment recomimended is 5 days. In

‘meningitis treatment is continued for from 2 to 3 weeks or for longer

if indicated.

Toxic EFFECTS OF TETRACYCLINES

The most common toxic effects following the use of aureomycin
and terramycin are gastro-intestinal symptoms such as nausea,
heartburn, epigastric distress and vomiting. These may sometimes
be avoided by the patient drinking fluid, especially very cold milk,
at the rate of about one glassful per capsule. More troublesome is
diarrheea, often associated with pruritus ani, or vaginitis, which may
persist for a considerable time after treatment has stopped. Tetra-
cycline produces the same effects as aureomycin and terramyecin,
but they occur less frequently and are usually less severe.

Occasionally staphylococcal enteritis develops, caused by a
secondary infection with staphylococci resistant to the drug in use,
and may be fatal (59). . '

Owing to the suppression of the normal flora, mouth or skin
lesions due to Monilia albicans may develop. Fatal cases of
pulmonary moniliasis in patients with a pulmonary abscess or
bronchiectatic cavity have been reported. However, the mere
presence of Monilia albicans in lesions is not proof of its setiological
role and it now seems likely that this complication of antibiotie
therapy, while it may occur, has been over-emphasized (28).

Stomatitis, skin eruptions and vertigo have been observed.
Fever, chills, general malaise and vomiting may occur but (o not
necessarily interfere with treatment.
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Some patients tolerate aureomycin better than terramycin, and

vice versa. Intolerance to either drug might suggest a trial of -

tetracycline.

The possibility of liver damage and of thrombophlebitis following
intravenous therapy has already been mentioned.

CHAPTER VIL
ERYTHROMYCIN AND CARBOMYCIN
ERYTHROMYCIN

Erythromycm (syn. 110tycm, erythrocin) is produced by Str epto- .

myces erythreus and was isolated by McGuire and his co-workers in
1952.

It is active against Gram-positive and Gram-negative cocci and
Gram-positive bacilli, ‘but not against the common Gram-negative
bacilli. However, some activity has been demonstrated against

strains of Hemophilus influenze, Brucella melitensis and Brucella suis .

(butnot Brucella abortus) and against Endamaeba histolytica and certain
rickettsice.

Good clinical results, but not better than with penicillin,
aureomycin or terramycin, have been obtained in the treatment of
pneumococcal pneumonia and of hemolytic streptococcal infections
such as tonsillitis and scarlet fever. Erythromyecin has also been

used successfully in the treatment of diphtheria carriers resistant to -

penicillin therapy (23). The treatment of gonorrhcea has been less
satisfactory. However, the main use of erythromyecin is in infections
caused by staphylococci resistant to other antibiotics, in which it
may be life-saving. Whenever possible this drug should be reserved
for patients in whom laboratory studies of the organism can be made.
It should not be used unnecessarily in the community and should
rarely be used empirically for the following reasons : :

(1) Organisms resistant to therapeutic concentrations of the .

drug may develop rapidly (even within 36 hours) during
treatment, so that continued therapy with the drug is useless.
Erythromyecin is therefore not as reliable a drug as penicillin
for the treatment of infections with penicillin-sensitive
organisms, nor as reliable as the broad spectrum antibiotics
in infections with organisms which are sensitive to them.
(2) Since erythromyecin is not active against coliform and related
Gram-negative bacilli, it is a bad choice for the empirical treat-
ment of an infection which might be due either to a Gram-
positive coccus, a Gram-negative bacillus, or to both. A

wiser choice would be either penicillin combined with-

sulphamezathine (and possibly with streptomycin), or one
of the broad spectrum antibiotics.

(3) It has already been reported that within one month of the -

adoption of erythromycin for general use in a hospital,
strains of staphylococci resistant to it appeared in nose and
throat cultures from the staff. After five. months the
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carrier -rate of resistant strains was 759%,. :This implies a
high risk to patients, of ‘“ hospital infection ”’ ‘with resistant
strains for which there may be no specific treatment. Fatalities
from such infections have occurred (29).

"The dissemination of resistant strains can be greatly delayed by
restricting the use of this now wvaluable antibiotic. However, each
case is to be reviewed on its merits and if a serious staphylococcal
infection is encountered, the use of erythromycin must be considered

(page 64).

ADMINISTRATION AND DOSAGE

Routine administration is by the oral route, and the interpretation
of sensitivity tests is stated in Table 6. Tablets with an acid-resistant
coating are used, but unfortunately these are not always dlgested
Tablets contalmng erythromyecin stearate are said to be superior.
A palatable syrup containing erythromycin stearate is obtainable
for children. It may be administered by Rehfuss tube to patients
who are unable to swallow.

TABLE 6
ERYTHROMYCIN
Adult Dosage
Sensitivity Interpretation _ (Oral)
(1) 1 microgram (pg) per | Sensitive. About 25 milligrams per
millilitre. . kilogram per day or.
1-5 gram per day in
: : 6-hourly doses.
(2) Between 1 and 5 pg per | Moderately sensitive, In seriously ill patients,
millilitre. increase oral dosage to a
maximum of 4 grams
per day and consider
’ " 1.V. therapy.
(3) Between 5 and 10 pg per | Probably resistant. ‘| Consider bacitracin.
millilitre.

Children over 3 years of age may have, one- -half, and chlldren under 3 years
one-quarter adult doses.

An intravenous preparation of erythromyecin is available overseas.

Duration of therapy depends on the nature of the illness.. A
response may be expected within 48 hours. The usual course is
5 days, but in some infections a longer period may be necessary. -

Toxic EFFECTS oF ERYTHROMYCIN

The only toxic effects so far reported are nausea, vomitmg and
occasionally diarrhcea, and these are said to be 1nfrequent Wlth a
dosage less than 2 grams per day.

CARBOMY CIN o
The isolation of carbomyecin (syn. magnamycin) from Strepiomyces
halstedii -was reported by Tanner and his co-workers in 1952.

Although carbomyein is similar to. erythromyein in its actlwtv
against bacteria in vitro, clinical reports suggest that it is not of much.
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value:in the treatment of infections. Low concentrations of the drug
are found in the blood and urine, and it is possible that carbomyecin
is rapidly inactivated in the body. Moreover, organisms which
become resistant to erythromycin show cross-resistance to carbomyein.

CHAPTER VIII

BACITRACIN

Bacitracin was isolated in 1945 by Johnson, Anker and Meleney.
It is produced by a bacillus closely related to Bacillus subtilis.

Owing to the toxicity of the drug its parenteral administration
is strictly limited, but it has proved a life-saving agent in certain
infections where other drugs have failed. It should only be used
for patients in hospital where toxic manifestations can be detected
readily. ' ‘

‘Its antibacterial spectrum covers Gram-positive organisms and
Gram-negative cocci, but not the common Gram-negative bacilli,
and probably the only infections in which its systemic use is justified
are those caused by staphylococci which are sensitive to it but
resistant to other antibiotics. Staphylococcal septiceemia, endo-
carditis and meningitis have all been treated with success, but owing
to the restricted use of the drug few clinical reports are available.

ADMINISTRATION AND DOSAGE

Administration is usually by the intramuscular route. Organisms
sensitive to 0-1 microgram per millilitre are regarded as very sensitive
to therapy ; those resistant to 0-1 but sensitive to 1 microgram per
millilitre as sensitive, and those resistant to 1 but sensitive to 10
micrograms per millilitre as probably resistant.

Recommendations regarding dosage are as follows :

Bacitracin is administered intramuscularly* in a dosage of
10,000 units 6- or 8-hourly for an adult, or at the rate of 200 units
per kilogram of body weight 6- or 8-hourly for a child. If the clinical
response is not satisfactory the dosage may be increased to a maximum
of 20,000 units every 6 hours for an adult or at the rate of 400 units
per kilogram of body weight for a child. A single dose should never
exceed 25,000 units and the total daily dose should never exceed
100,000 units. The concentration should not exceed 10,000 units
per millilitre.. The drug should be dissolved in 29, procaine in normal
saline. The site of injection usually becomes painful and two
injections’ should not be given in the same spot.

Duration of therapy is for a minimum period of 5 days, but in
the absence of toxic effects it may be continued for several weeks,
or for longer if necessary.

If intrathecal injections are necessary, bacitracin may be adminis-
tered at 12-hourly intervals in a concentration of 1,000 units per

* It is important to use the specially prepared sterile bacitracin which is now
available in Australia, as the powder supplied for topical application is of unknown
purity and its activity is lost by Seitz filtration. :
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millilitre in a volume of from 1 to 10 millilitres of saline according to
the age of the patient. Procaine must not be added, so a separate
solution must be prepared.

Bacitracin cream for topical application is available commercially
and is very satisfactory for staphylococcal infections which are
confined to the skin and require the use of an antibiotic. It is
claimed that bacitracin rarely causes sensitization.

Toxic EFFECTS OF BACITRACIN

The most important toxic effect of bacitracin is damage to the
renal tubules. The daily output of urine must be maintained .above
1 litre per day. If it falls below this, bacitracin should be discontinued
except in desperate circumstances.

The urine should be examined before beginning treatment, and
thereafter every second or third day, for the presence of albumin,
casts and cellular elements. These usually appear on the second or
third day, reach a low peak from the fifth to the seventh day, and
then decline with continued treatment.

The blood urea nitrogen shows some variability during treatment,
but the test is not essential unless there is oliguria. However, if
possible the test should be done before commencing treatment and at
weekly intervals.

Loss of appetite, nausea and vomiting may occur, but may be

" controlled with andramine, 25 milligrams, administered before each
~dose of bacitracin. Treatment should not be discontinued unless

there is interference with fluid intake.

CHAPTER IX

POLYMYXIN

Polymyxin is derived from various strains of Bacillus polymyxa
and was first described by Benedict and Langlykke in 1947,

Like bacitracin, polymyxin is a nephrotoxic drug, and the same
precautions should be taken in its administration (see above).

There are five varieties of polymyxin, designated A, B, C, D and E.
Of these, polymyxin B (aerosporin) and polymyxin E are the least
toxic. Polymyxin B is the variety generally used for systemic
therapy, but polymyxin E has been used recently with equal success
and with the production of fewer side-effects. The polymyxins
are active in vitro against a very limited number of Gram-negative
bacilli, for example some strains of coliform bacilli, Salmonelia,
Shigella and occasionally Proteus, and many strains of Pseudomonas
pyocyanea. Their main use clinically is in the treatment of infections
with strains of Pseudomonas pyocyanea which are resistant to other
antibiotics and to the sulphonamides (page 66). They are not active
against. Gram-positive cocei.

ADMINISTRATION AND DOSAGE

Routine administration is by intramuscular injection with
procaine added to the diluent. The interpretation of sensitivity tests
18 stated in Table 7.



The intrathecal route may be used in meningitis, and the dosage
‘recommended is ‘as follows: Children under 2 years of age may
receive 2 milligrams every day or 2-5 milligrams every other day.
When giving 2 milligrams every day the dosage may be continued
for 3 or 4 days, and then 2-5 milligrams may be given every other
day. The dossge for children over 2 years and for adults is 5 milli-
grams every day for 3 or 4 days, then 5 milligrams every other day.

TABLE 7
POLYMYXIN
o . Adult or Child Dosage
Sensitivity Interpretation (I.M.).

(1) 5 micrograms (ug) per | Sensitive. 1:5 to 2:5 milligrams per

millilitre. kilogram per- day . in

6-hourly doses.*

(2) Between 5 and 10 pg per | Probably resistant. Try 2-5 milligrams per

millilitre. kilogram per day.
(3) More than 10 pg per | Resistant.

millilitre.

The mazimum dosage should never exceed 200 milligrams per day.

* It will be noted that the dosage is much less than that recommended for other antibiotics.

Therapy should be continued for at least 3 days after the cerebro-
spinal fluid has become sterile and may be continued for several weeks
when necessary. '

It is important that procaine should not be injected intra-
thecally. Hence a special solution should be prepared and kept
separately from the solution for intramuscular injection.

Duration of intramuscular therapy is usually for 5 days, but in
the absence of serious toxic effects it may be continued for several
weeks if indicated clinically.

Toxic EFFECcTS OF POLYMYXIN

Renal damage may occur, producing albuminuria and sometimes
increased nitrogen retention, but in patients with normal renal
function such changes are transient and it is considered that polymyxin
may be administered with safety provided that the maximum dosage
of 2-5. milligrams per kilogram per day is not exceeded. In patients
with renal disease treatment should proceed with great caution.

Pain and induration at the site of intramuscular injection
(relieved by the addition of procaine to the diluent), and drug fever
are also observed, and are said to be less frequent with polymyxin E
than with polymyxin B.

Neurotoxic symptoms of varying intensity may occur and
consist of circumoral and peripheral parssthesise, moderate dizziness
and a feeling of weakness without objective signs. All these effects
are usually transient and disappear when injections are discontinued.
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CHAPTER X
TYROTHRICIN, NEOMYCIN AND VIOMYCIN

TYROTHRICIN

Tyrothricin has considerable historical interest. It was isolated
from cultures of Bacillus brevis and was described by Dubos in 1939.
It is a mixture of two antibacterial substances, gramicidin and
tyrocidine, and is active in vitro against Gram-positive cocci such ag
pneumococci, streptococci and staphylococei. There is great vari-
ability in the sensitivity of different strains of these organisms. The.
drug is inactive against Gram-negative bacilli. Tyrothricin is a
highly active poison and its systemic use can never be considered.
It has been used with some success in the topical treatment of minor
lesions, but-its value is limited and its use is now outmoded by the
discovery of less toxic and more active antibiotics.

NEOMYCIN

Neomycin was isolated from Streptomyces fradias by Waksman
and Lechevalier in 1949. It is a much more toxic drug than either
polymyxin or bacitracin and its systemic use can rarely be justified.
It might be used in the treatment of septiczemia caused by a strain of
Proteus resistant to other antibiotics and to sulphonamides. A
dosage of 1 gram per day intramuscularly may be given for brief
periods. The drug is nephrotoxic and neurotoxic. Neomycin is
bactericidal against a variety of Gram-positive and Gram-negative
bacteria, and against acid-fast bacilli. On this account and because of
its low absorption from the gastro-intestinal tract, some authorities
favour its use by oral administration as a preoperative measure in
bowel surgery. It may be used as a topical application to the skin.

VIOMYCIN -

-Viomyein is produced by Streptomyces punicans and was described
by Finlay and his co-workers in 1951. It is active against the tubercle
bacillus but not against other organisms. It has been used in the
treatment of tuberculous infections in which the organisms were
resistant to streptomyecin.

Renal disturbances and eosinophilia may occur and vestibular
dysfunction has been reported, but if treatment is administered in
the usual dosage of 1 gram intramuscularly night and morning every
three days, toxic effects are usually minor and transient (45).

- Viomycin should be given in conjunction with isoniazid for
preference, or with P.A.S.

CHAPTER XI

ACTIDIONE

Actidione is an antibiotic produced, in addition to streptomycin,
by Streptomyces griseus. It was isolated by Whiffen, Bohonos and
Emerson in 1946. It is inactive against bacteria but inhibits the
growth in vitro of certain fungi including Torula histolytica (Crypto-
coceus neoformans). Monilia albicans and the fungi causing ringworm
are not affected.
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Actidione shows little. promise in the treatment of torulosis
but it might still be tried in an infection with a highly sensitive strain
of Torula histolytica.

ADMINISTRATION AND DOSAGE

Actidione may be administered by intramuscular, intravenous
or intrathecal routes, but its high toxicity limits the dosage.. Doses
up to 480 milligrams intravenously, twice daily, have been used in an
infection with a strain of average sensitivity, with no benefit but with
severe toxic effects (8). The administration of 20 milligrams daily

_by the intrathecal route has also been tried.

Toxic EFFECTS

Nausea and vomiting, which can be controlled with andramine,
are produced by intramuscular injections of even 20 milligrams
6-hourly. Large doses may be followed by confusion, disorientation
and a fall in the prothrombin concentration. Intrathecal injections
may produce severe spinal root pains.

CHAPTER XII

SYNERGISM AND ANTAGONISM

Broadly speaking, antibiotics may be classified as either
bactericidal or bacteriostatic. The term bacteriostasis implies
merely inhibition of bacterial growth in that the number of viable
bacteria remains practically constant; bactericidal action is pro-
gressive lethal action. Both activities can be demonstrated with the
sulphonamides” and with all of the antibiotics, depending on the
concentration of the drug relative to the sensitivity of the test
organism. However, in the concentrations of a drug which are
usually attainable in the blood, penicillin and streptomycin stand
out as being rapidly baeterlcldal since each is capable of reducing
the numbers of a sensitive bacterlal populatlon by 509, in two or
three hours, and of virtually sterilizing a culture in from 8 to 24 hours.

On the other hand the sulphonamides and the broad spectrum
antibiotics usually act much more slowly, so that there is virtually
no reduction in the numbers of bacteria during the first few hours
(bacteriostasis) and it may require about 24 hours for the population
to be reduced by 509, (slow bactericidal action). However, sensitive
bacteria are ultimately destroyed if the concentration of the drug is
adequate, and each of these bacteriostatic drugs used alone can exercise
a life-saving effect.in certain infections. This is aided in the patient
by phagocytosis, ete.

Jawetz and Gunnison and their co-workers have proposed
grouping the antibiotics on the basis of their rapidly bactericidal or
bacteriostatic (and slowly bactericidal) action, as follows :

Group 1 (bacterlcldal) Penicillin, streptomycin, bacltraem,
neomyecin (and polymyxm)
Group 2 (bacteriostatic): Aureomycin, terramyecin, chlor-

amphenicol (and the sulphonamides). Tetracycline and
erythromyecin should a@lso be included.
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It is . known that antibiotics act on bacteria by blocking various
essential metabolic activities. If organisms are simultaneously in
contact with. two drugs, any slight alteration in their metabolism.
induced by commencing action of one drug may render them less
vulnerable to the other drug, and vice versa. The consequence may.
be that the organisms escape éffective action by either drug and the
clinical result may then be worse than that which would have been
achieved by either drug alone. This type of antagonism has been
demonstrated with some of the antibiotics and has been defined by
Jawetz and Gunnison (33) as ‘ a large decrease in the rate of early
bactericidal action and a reduction in the rate of cure of mfectlons
below that observed with the single more active drug ”’.

The converse process, synergism, has also been observed, and has
been defined by these workers as ¢ a large increase in the rate of early
bactericidal action and in the rate of cure of infections beyond that
obtainable by simple additive effects of the agents ”’.

EXPERIMENTAL OBSERVATIONS

Jawetz andvGunm’son found that members of Group 1 were
frequently synergistic with each other, occasionally indiffercnt, but
never antagonistic. Mixtures of Group 2 drugs showed only additive
effects.

Combinations of the two groups were often antagonistic, the
Group 2 drug interfering with the bactericidal action of the other
but not itself suffering interference except on rare occasions.

The antagonistic effect of chloramphenicol, aureomyecin or
terramycin on the bactericidal action of penicillin was evident within
two hours, but when sulphadiazine was combined with penicillin
the lethal action of the latter was able to proceed for four hours
before interference occurred.

In animal experiments, antagonism resulting in a high mortality
rate was demonstrated between the broad spectrum antibiotics and
penicillin or streptomyecin, and between sulphadiazine and penicillin.

CLINICAL APPLICATIONS
(@) Synergism

The beneficial effect of combining streptomycin with penicillin
in the treatment of subacute bacterial endocarditis caused by Strepto-

coccus fecalis has been established in patlents treated unsuccessfully
by penicillin alone.

It has been assumed that combinations of any of the members of
Group 1 would be equally valuable in suitable cases.

(b) Antagonism

Since delay in recovery from an infection may often be ascnbed
to any one of a number of causes, it is difficult to determine -the
clinical effect of antagonism between drugs unless an 1ncrease in -
mortality can be demonstrated.

There is no clinical evidence of antagomsm between pemcllhn
and the sulphonamides or between streptomyecin and the sulphon-
amides and experience has shown that these combinations are useful
in therapy.
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There is no clinical evidence of antagonism between streptomyciu
and chloramphenicol in the treatment of me_nmg:ms c_aused by
Heemophilus influenzee, and indeed this combination - gives good
clinical results. So also do combinations of streptomycin with the
tetracycline drugs in the treatment of brucellosis. .

However, antagonism resulting in inerea.se_d.morpahty has- been
recognized following the combination of pexpgﬂhn with ‘aureomyecin
in the treatment of pneumococcal meningitis. Thus Lepper gqu
Dowling (37) found that 30% of patients @rga.ted with penlcﬂ]%n
alone died, while of those treated with penicillin and aureomycin
799, died. Yet Ahern and Kirby (1) could find no evidence of
antagonism between these drugs in the treatment of pneumococcal

pneumonia.

(¢) Conclusions _ ‘

No rigid rule can be applied regarding the congb_ination of Group 1
with Group 2 drugs. When it is known from clinical experience, as
in the examples cited, that combinations are harmless or probably
beneficial, these may safely be recommended. However, the observa-
tions of Lepper and Dowling cannot be ignored, and.the use of
aureomycin combined with penicillin in the treatment of pneumococcal
meningitis is unnecessary and unwise. .

.Experimental observations have shown that ?mntagomsm oceurs,
only when there are certain relative concentrations of each drug
in relation to the sensitivity of the infecting organism. Such con-
centrations depend on dosage, and are less likely to be found when
large doses of both drugs are given.

Combinations of drugs, while often unnecessary, are_probably
harmless in mild infections. In severe infections where the time factor
is all-important, the risk of antagonism is ‘a r(_aal‘ one because th_e
action of the bactericidal drug may be delayed by the bac@erlostajtlc
drug. Hence, it is recommended that if combined therapy 18 deemed
desirable, the bactericidal drug should be administered in large doses
a few hours before the bacteriostatic drug.

CHAPTER XIII

THE CHOICE OF AN ANTIBIOTIC AND THE USE OF
COMBINATIONS OF DRUGS

The choice of an antibiotic is governed chieﬂy by two factors :

(1)- The sensitivity of the infecting organism. If an organism is
resistant to the highest concentration of a drug which can be
attained in the body, at the site of infection, then therapy
with that drug will fail. - Thus an infection with a coliform
bacillus cannot be treated with penicillin.

(2) Established clinical experience which has indicated that in
certain diseases, although the organism is sensitive to a
number of drugs, one drug:gives better clinical results than

the others. This is well illustrated in subacute bacterial-

endocarditis . where Streptococcus wviridans is sensitive to
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sulphadiazine, to all the broad spectrum antibiotics, and to
penicillin ; yet penicillin.is the drug of choice because.. it
gives the most dependable clinical results. This may possibly
be explained by its greater bactericidal action, or it may
have a greater capacity than the other drugs to diffuse into
a focus of infection. :

It is in the patient’s interest to attempt to make an early accurate
bacteriological diagnosis and to carry out sensitivity tests, particularly
in an infection which is or might become serious. - In such infections
therapy need not be withheld, but it may subsequently be modified if
necessary. Cultures should be made -before commencing. chemo-
therapy, which sometimes masks the bacteriology, although the
infection may not be controlled (page 7).

PENICILLIN ALONE

There are certain species of bacteria in which all strains are
sensitive to penicillin, although some being relatively more resistant
than others, may require larger dosage for the treatment of the
infection. These species are : Treponema pallida of syphilis, Strepto-
coccus pyogenes (haemolytic streptococecus, group A), Streptococcus
viridans, the gonococcus, meningococcus and pneumococcus, the
anaerobic cocci and Clostridium welchii. » Crs

If empirical treatment with large doses of penicillin. fails in
infections thought to be caused by these organisms, the accuracy of
the bacteriological diagnosis may well be questioned. Thus tonsillitis
may occur in glandular fever ; cellulitis assumed to be streptococcal
nmay be caused by a staphylococcus resistant to penicillin.

When an organism is sensitive to penicillin, there is usually no
advantage in adding a second drug. Failure is nearly always due to
inadequate dosage. Crystalline penicillin administered frequently
is desirable for infections which endanger life. Procaine penicillin
or mixtures containing DBED penicillin may be used for less serious
infections. Penicillin given by injection is the most reliable and the
least toxic of all the antibiotics.

SULPHONAMIDES ALONE

It appears that all strains of the meningococcus are sensitive to
sulphadiazine, a drug which penetrates readily into the cerebro-
spinal fluid. Hence when the diagnosis is known, meningococcal
meningitis may be treated with sulphadiazine alone. Sulpha-
mezathine, which is more soluble and which is the drug recommended
for routine use, may be used provided that large doses are given of
from 9 to 12 grams daily for an adult. Sulphamethazole is not
advised because the blood concentration attained is only .about
one-half of that found with sulphadiazine, and the concentration
in the cerebro-spinal fluid is likely to be insufficient. :

Strains of other species such as the pneumococcus, haemolyti
streptococecus, gonococcus, staphylococcus and various Gram-negative
bacilli vary in sensitivity, and the sulphonamides are such useful
drugs that it is worth including one (e.g. sulphadiazine) in routine
sensitivity tests. The sulphonamides are often . used empirically

with success: in pneumonia, tonsillitis or infections of the.urinary



tract, but therapy will fail if the strain happens to be resistant.
Infections of the urinary tract are usually systemic infections and
should be treated as such with adequate dosage.

Since the sulphonamides are inactivated to some extent by pus,
they are useful in the presence of pus only where there is drainage,
as in the urinary tract, the conjunctival sac, the meninges, etc.
They are not recommended to be used alone in pneumococcal
meningitis in which excessive purulent exudates are produced, or in
general peritonitis, or in closed abscesses.

The availability of soluble sulphamezathine for patients who
cannot have oral medication is important.

STREPTOMYCIN ALONE

There are very few pyogemc organisms which are resistant to
sulphonamides and the broad spectrum antibiotics, yet sensitive to
streptomycin. Hence there is no advantage in using streptomycin
alone unless it is known specifically from sensitivity tests that one is
dealing with such an organism. Moreover, the odds are weighted
against therapeutic success because resistant strains are likely to
emerge before the infection is controlled. Streptomyecin is a valuable
drug best reserved for an emergency.- If it must be used, it is always
desirable to combine it with other active drugs which prevent or delay
the appearance of resistant organisms. Whether it is used alone or
in combination, streptomycin is not usually effective in pyogenic
infections when given in single daily doses; -the dosage should be
2 grams daily in 6-hourly doses, continued for not longer than from
5 to 7 days. Prolonged therapy is unnecessary and may induce
toxic effects. .

If streptomycin is used in subacute bacterial endocarditis or in
brucellosis, a calculated risk of toxic effects is taken.

CHLORAMPHENICOL OR AUREOMYCIN' OR TERRAMYCIN OR TETRA-
CYCLINE ALONE

The choice of any particular one of these drugs rather than
another depends primarily on the sensitivity of the organisms, which
at least with the staphylococci and most of the Gram-negative bacilli
is unpredictable.

‘When an organism is sensitive to all four, as is often the case,
choice is based on clinical experience, as for example in typhoid
fever in which chloramphenicol has been proved effective, although
it is possible that the tetracycline compounds have not received
adequate trial.

Chloramphenicol should also be preferred in meningitis due to
Hemophilus influenzee or penicillin-resistant Staphylococcus aureus,
because this drug passes readily into the cerebro-spinal fluid, and its
clinical value in these conditions is well established. In less serious
infections chloramphenicol might be avoided because of the possibility
(though rare) of blood dyscrasia.

There are individual differences in gastro-intestinal tolerance
to the three tetracycline compounds. This. might influence the
choice of one rather than another. Although side-effects are less
common with tetracycline, all three drugs can induce diarrheea

1)

and pruritus, which may persist for months. Hence it should not be
forgotten that there are many infections in which the sulphonamldes
are equally effective antibacterials.

Cross-resistance occurs among the tetracycline drugs, so that
frequently (though not always) an organism resistant to one is resistant
to the others. Hence if empirical therapy with aureomyecin fails it is
probably better to change to chloramphenicol rather than to
terramycin or tetracycline.

PENICILLIN WITH SULPHONAMIDES

As ‘already stated, it is unnecessary to combine these drugs
(although it is common practice) when it is known that the infecting

‘organism is sensitive to one of them. However, they are often useful

in combination for mixed infections, and are recommended in puerperal
infections (page 53) and in early meningitis of unknown origin
(page 45). :

A vast amount of clinical experience has shown that in general
the drugs are not antagonistic, but it should be remembered that the
sulphonamides are bacteriostatic and may interrupt the bactericidal
action of penicillin. It is suggested therefore that when time is
important as in fulminating meningococcal septiceemia, penicillin
should be used alone in massive doses.

STREPTOMYCIN WITH SULPHONAMIDES

It is well known that the administration of para-amin(;-salieylic
acid (P.A.S.) together with streptomycin in the treatment of

_tuberculosis prevents or delays the emergence of organisms resistant

to streptomycin, providing that the infecting strain of tubercle
bacillus is sensitive to both drugs. In pyogenic infections the addition
of a soluble sulphonamide to streptomycin has the same effect
provided that the infecting organism is sensitive to both drugs.

This combination is sometimes successful in eradicating an
infection as, for example, in the urinary tract, which was only arrested
by sulphonamides alone. It has been used successfully in the treat-
ment of brucellosis, but in this disease it is not as effective as a
combination of streptomycin with one of the broad spectrum anti-
biotics.

PENICILLIN WITH STREPTOMYCIN

The synergism of streptomyecin with penicillin has been established
in vitro and is confirmed ¢ vivo in the successful treatment of subacute
bacterial endocarditis caused by Streptococcus fewcalis, which does
not respond to either drug-alone. Similar success with combined
therapy has been reported in actinomycosis (4). This has led to the
production commercially of mixtures of the two drugs and to the
impression that a mixture must be superior to penicillin alone.
Apart from the examples cited, there is no clinical evidence for this.
If the organism is fully sensitive to penicillin, therapy with that drug
should be successful if the dosage is adequate. The use of strepto-
myecin may cause sensitization -of the patient and prohibit its
subsequent administration.

‘Sometimes the combination is used empirically with the idea of
dealing with an infection caused either by a Gram-positive cocous or



a Gram-negative bacillus ; but even if the organism happens to be a
Gram-negative bacillus sensitive to streptomyecin, the added penicillin
cannot prevent the emergence of a strain resistant to'streptomyecin,
and the value of the therapy may be lost. A better combination
would be penicillin with sulphonamides or, in severe infections;
penicillin with sulphonamides and streptomycin. Sulphonamides
alone, or one of the broad spectrum drugs, might also be effective.

PENICILLIN WITH STREPTOMYCIN AND SULPHONAMIDES

This combination is compatible and probably synergistic and
usually obviates the problem of resistant strains emerging because
many Gram-negative bacilli are sensitive to both streptomycin and
sulphonamides. It is reecommended in serious acute infections
such as purulent meningitis when the identity of the organism is
unknown and either cocci or bacilli may be involved. All three
drugs can be administered by injection, and their use is recommended
in general peritonitis if intravenous preparations of the tetracycline
drugs are not available.

The combination is not advised if an infection is likely to be

staphylococecal in origin, since strains resistant to all these drugs
are nOwW common.

PENICILLIN WITH CHLORAMPHENICOL OR ONE OF THE TETRACYCLINE
DruaGs

The evidence for antagonism between these drugs has been
discussed above and their combination is not recommended. In any
event there appears to be no good reason for their combination in
treatment. There are extremely few bacteria which are sensitive to
penicillin and resistant to all the broad spectrum drugs. Hence if
the presence of penicillin-resistant organisms were suspected it would
be reasonable to use one of the other drugs alone.

STREPTOMYCIN WITH CHLORAMPHENICOL OR ONE OF THE TETRA-
CYCLINE DRUGS

Antagonism between streptomycin and the broad spectrum
antibiotics has been demonstrated in the treatment of experimental
infections in animals, but if it has occurred in man it appears not
to have been recognized. Streptomycin combined with chlor-
amphenicol is recommended in the treatment of meningitis due to
Hemophilus influenzee, and a combination of streptomycin with
one of the tetracycline drugs is advised in the treatment of brucellosis.
In other infections where the use of such combinations is not supported
by clinical trials, caution should be exercised and the combinations
avoided when possible.

CHLORAMPHENICOL WITH THE TETRACYCLINE DRUGS AND/OR
SULPHONAMIDES

There is no known objection to these combinations which could
be used in mixed infections if indicated by sensitivity tests. It
should be remembered, however, that both chloramphenicol and
sulphonamides can depress bone-marrow function.

PRYTUROMYCIN ALONE 4 C .

Erythromyein should be reserved for infections with staphyloeocpl
which are resistant to other drugs and for treaytmel}t of _d1pht1}e_rla
carriers. It would be used empirically in a serious }nfgctlon arising
in hospital and believed to be staphylococcal, but it is not a good
choice generally for empirical therapy, because it is inactive against
Gram:negative bacilli. It isnot as reliable a drug as pemeﬂ_hnb.eca,use
resistant organisms may appear rapidly before the infection is con-
trolled. There is cross-resistance with carbomyecin, but the chnmal
value of the latter is not established so in any case its use 13 not
recommended. -

"ERYTHROMYCIN. IN COMBINATION

Erythromycin is a bacteriostatic drug. It can be combined
with any of the broad spectrum antibiotics or with sulphonamides.
It has been used occasionally in combination with penicillin and
streptomyein, but it is suggested that such mixtures should be avoided
if possible, particularly in the treatment of meningitis.

BACITRACIN ALONE ]

' Bacitracin is a toxic antibiotic and should be reserved for
infections with staphylococci resistant to other drugs, including
erythromyecin. It is satisfactory if used alone for the treatment of
known staphylococeal infections, but is less valuable for exppmmal
therapy because of its inactivity against Gram-negative bacilli.

BACITRACIN IN COMBINATION :

Bacitracin is a bactericidal drug which may be combined with
streptomycin or with penicillin, although this should rarely be
necessary. Ontheoretical grounds its combination with bacteriostatic
drugs should be avoided, but there is as yet no information regarding
the clinical effect of mixtures. '

POLYMYXIN ALONE _ y

- Since polymyxin has a very limited bact_erial spectrum and is'a

- toxic drug, it is used onmly for infections with sensitive strains of

Pseudomonas pyocyanea and related organisms which are resistant to
other drugs.

POLYMYXIN IN COMBINATION ‘ . o

Polymyxin is a bactericidal drug which could be used in comb_ma-
fion with other bactericidal antibiotics in the treatment of mixed
infections with Pseudomonas pyocyanea and another species. Owing
to its narrow spectrum and its toxicity its use in empirical therapy
is not advised. ‘



CHAPTER XIV

THE PLACE OF CHEMOTHERAPY IN TREATMENT
AND THE ABUSE OF ANTIBIOTICS.

It is now ten years since penicillin became freely available, and
much has been learned of the properties of antibiotics generally.
Some of this knowledge has been summarized in the preceding pages.
Before embarking on recommendations for the treatment of specific
. infections it is fitting to consider the place of chemotherapy in the
treatment of disease.

There are certain infections such as tonsillitis, gonorrhea and .

syphilis, where chemotherapy is often the only form of treatment
necessary. There are other infections such as diphtheria, tetanus
and gas gangrene where treatment with the appropriate antiserum
is more' important than chemotherapy and where other measures
may also be required. Finally there is a large group of infections
in which chemotherapy is usually necessary or at least desirable,
but in which a successful outcome depends primarily on medical
or surgical management. Thus the treatment of shock and of
dehydration in acute infections, such as meningococecal septicemia,
is of the first importance. In severe gastro-enteritis, replacement of
fluids and proper electrolyte control are essential. Maintenance of
the heemoglobin at a high level is necessary in the management of
infections with anaerobic streptococci in puerperal and abortional
sepsis. While nursing care and the maintenance of nutrition are
always important, they may be life-saving in such diseases as whooping
cough and typhoid fever.

In some infections, such as osteomyelitis, antlblOtIGS administered
very early in the course of the infection may prevent the lesion
becoming a surgical problem, but in so-called surgical infections
chemotherapy is always secondary to surgical management. Abscesses
must be adequately drained and foreign bodies and dead tissue must
be removed, and if these principles are observed chemotherapy is
often unnecessary. In the urinary tract infection frequently follows
obstruction, due perhaps to stricture, calculus, tumour or pros-
tatomegaly, and chemotherapy cannot be expected to succeed unless
the obstruction is removed.

The enormous sale of antibiotics bears witness to the general

observation that these drugs are often used unnecessarily.

There is evidently a strong temptation to treat minor ailments
with antibiotics, and an intelligent appraisal is needed of the undesir-
ability of chemotherapy in most cases.

There is considerable wastage in hospitals both in the amounts of
antibiotics used and in the time spent in dispensing drugs and giving
injections. Enthusiasm might well be tempered with ]udgment on
many occasions and the patient spared.

However, when it has been decided that chemotherapy is really
necessary an adequate dosage and period of therapy should be ensured.

Of late, much has been written concerning the abuse of anti-
biotics. - The following aspects of the subject are important :

(1) Antibiotics and sulphonamides are not universal antipyretics

and should not be used without careful consideration, because -

(@)
(b)
(c)

these

(@)

(b)

(c)

they may mask important signs and symptoms so that
diagnosis is delayed, sometimes with serious results ;

they may sensitize the patient so that the drug cannot
be used on a later occasion when it might save his life ;

they may have persistent side-effects which are more
unpleasant than the infection itself.

Efforts should be made to inform the public concerning

facts.-

(2) When chemotherapy is given, the dosage should be adequate.

Small doses are usually not effective, although they
may appear so in minor self-limiting infections which
would have recovered spontaneously.

Small doses may merely suppress: an infection which
thus becomes more deeply entrenched and more
difficult to eradicate.

Organisms resistant to the drug may replace the
initially sensitive strain. '

(8) The duration of the period of chemotherapy should be
.- adequate, but should not be unduly prolonged.

(@)

(6)

(¢)

(d)

It is

Prolonged therapy is unnecessary and.extravagant
except in certain diseases such as subacute bacterial
endocarditis.

If there is no clinical response to adequate dosage
within 48 hours it is usually better to try another
drug.

Toxic effects, and particularly the serious blood
dyscrasias which can be produced with the sulphon-
amides or chloramphenicol, are more likely to .occur
after prolonged or repeated treatment.

Secondary infection (so-called super-infection) with
another species of bacterium resistant to the drug is -
likely to occur.

very important to review chemotherapy at least at

weekly intervals.

(4) The use of streptomycin combined with penicillin is undesir-
able in empirical therapy unless sulphadiazine is given as
well (page' 36).

(5) The use of combinations of drugs which may be antagenistic,

such

as penicillin and aureomycin in the treatment of

meningitis, is to be avoided (page 32).

(6) Antibiotics should not be used prophylactically in clean
operations to cover inadequate aseptic surgical technique

(page 73).

(7) Topical applications should not be used in deep infections
where systemic therapy is necessary, or in those superficial
_infections in which antiseptics such as vioform give equally

good

results (page 70).
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CHAPTER XV

\REASONS FOR FAILURE IN CHEMOTHERAPY

The reasons for failure in chemotherapy may be summarized as
follows :

(1) Incorrect assumptions regarding bacteriological diagnosis
may lead to the choice of the wrong antibiotic.

(2) Late treatment. If a patient already has an overwhelming
toxemia or a very extensive lesion, chemotherapy is less
likely to succeed, although it should always be tried. When
the patient has what appears to be a fulminating infection,
delay in instituting massive echemotherapy must be avoided.

(8) Inadequate dosage with failure to penetrate the lesion in
sufficient concentration.

(4) An inadequate period of ‘therapy. Relapse may occur in

" typhoid fever, subacute bacterial endocarditis, ete.

(5) Neglect of other forms of treatment, such as drainage.

(6) Choice of the wrong method of administration, e.g. the use
of topical applications when the lesion is not superficial or
of systemic therapy alone when the blood supply to the
lesion is unsatisfactory.

(7) The presence of a previously unsuspected underlying infection
or lesion, e.g. tuberculosis of the urinary tract or a fungous
infection of the skin.

(8) An increase in the resistance of the infecting organism during
treatment. This should be watched for and either the
dosage increased or the drug changed.

(9) Secondary infection. This implies a new infection with an
organism which is resistant to the drug in use, e.g. infection
with a coliform bacillus or a resistant staphylococcus in a
patient receiving penicillin, or with Monilia albicans in a
patient receiving one of the broad spectrum antibiotics.

(10) The use of a combination of antibiotics which may be mutually
antagonistic. The clinical significance of using such com-
binations is still not fully evaluated.

(11) In certain infections such -as whooping cough and gastro-
enteritis, where the organisms persist in spite of chemo-
therapy, the reasons for failure are not clear. It may be
that the distribution of the drugs in the body is such that the
focus of infection escapes effective concentrations.

CHAPTER XVI
THE TREATMENT OF INFECTIONS

TONSILLITIS AND OTHER INFECTIONS WITH
STREPTOCOCCUS PYOGENES
In the treatment of tonsillitis it is common to use sulphonamides,

but it is doubtful whether these drugs do more than reduce the
incidence of complications (26). In severe infections, including those

in patients who have had rheumatic fever, penicillin is preferred
because it produces more rapid clinical improvement. Whenever
practicable a throat swab should be taken before commencing chemc-
therapy, so that diphtheria is not missed (see below).

In severe suspected streptococcal,mfectlons procaine penicillin‘ cr
fortified procaine penicillin is advised in single daily injections
containing 300,000 units of procaine penicillin for a child or 600,000
units for an adult Treatment should be continued for at least 5 days
A course of 7 days may be required to eradicate the hzmolytic
streptococcus. Similar treatment may be given in scarlet fever,
otitis media, paronychia and cellulitis.

If tonsillitis is treated with a single injection of DBED penicillin
or of a mixture of DBED, procaine and crystalline penicillin (such as
“ Bicillin All-Purpose "), the patient ‘should be examined again after
a day or two so that diphtheria and glandular fever are not over-
looked. The rehablhty of one injection in eradicating the haemolytic
streptococcus is not yet established and its efficacy should be checked
by throat swab.

Treatment with DBED penicillin by mouth has given promising
results but is still under trial.

Any one of the tetracycline drugs may be administered if there
is any reason for avoiding the use of penicillin.

DIPHTHERIA

The administration of antitoxin is still the most important
single measure in treatment. To prevent comph‘cations and to
reduce the carrier rate crystalline penicillin should ‘be given in a
dosage of 100,000 units 6-hourly for 48 hours, then 12- hourly for
5-days. ‘

Swabs taken for diagnosis after chemotherapy has been instituted

are likely to yield negative results and fatality may result if antltoxm
is inadvertently withheld (page 79).

Erythromyecin is of value in the treatment of diphtheria .
carriers (23). :

ACUTE PNEUMONIA

In 1951, the British Medical Research Council (47) surveyed
267 cases of clinical pneumonia in which special bacteriological
investigations were made, and found that penicillin by injection
was at least as good as, if not better than, any other drug for empiricat
therapy. This is borne out by local experience. The commonest
cause of failure is probably inadequate dosage. ‘

In the first 24 hours, crystalline penicillin should be given in
doses of from 100,000 to 500,000 units 3-hourly according to the
age of the patient. If there is a good clinical response, the same dose
may then be given 6-hourly for a few days, then 500,000 units
12-hourly. Subsequently, fortified procame penicillin (200 000 units
of crystalline plus 600,000 units of procaine pemcllhn) is given once
daily. The minimum period of treatment is 5 days, but a longcl‘
period is usually desirable.



If there is - no- response to pem'eilh'n within 24 hours, one of: the

tetracycline drugs may be administered in the standard  dosage .
stated in Chapter VI.  However, an attempt to isolate the causative

organism should be initiated before therapy is changed. The
sensitivity of most bacteria causing pneumonia, with the exception

of the pneumococcus, is unpredictable. Sputum cultures, while.

subject to the defects discussed in the Appendix, may indicate the
most suitable drug by the time it becomes apparent that the drug
chosen has not been effective.

Sulphiamezathine is frequently effective in the treatment of
pneumococcal pneumonia.

Erythromycin should be considered in the empirical treatment
of staphylococcal pneumoma (page 64)

MENIN GITIS

Two important questions govern the management of chemo-
therapy in meningitis. These are the sensitivity of the organism
and the capamty of drugs to diffuse adequately into the cerebro-spinal
fluid.

Bacterlologleal diagnosis is of great importance, since the type
of organism determines the choice of drug. Organisms may often
be identified in smears of cerebro-spinal fluid, but whether they are
found or not cultures should be made and sensitivity tests carried out.
Meanwhile chemotherapy is urgent and must not be delayed.

The passage of the drugs under discussion through the normal
meninges is slight and irregilar, but in the presence of inflammation
diffusion usually occurs provided that the systemic dose is large
enough. There are marked individual variations in the concentration
attained, which is only a fraction of the concentration in the blood.

Sulphadiazine or sulphamezathine administered orally in a large

initial dose reaches the lumbar theca within about an hour, and even"

more rapidly if the intravenous route is used. These drugs must
not be injected intrathecally.

Penicillin given intramuscularly in a large dose of 1 million
units of crystalline penicillin can be detected in the cerebro-spinal
fluid after 2 hours in most patients and almost always reaches a
satisfactory concentration within 8 hours. Some authorities have
therefore abandoned intrathecal injections. However, since failures
in therapy still occur when these are omitted, and since this method
provides immediately a high concentration of pemellhn in the cerebro-

spinal fluid, daily intrathecal injections are recommended at least for

the first tW0 or three days of treatment.

Streptomycin 1n]ected intramuscularly in a dose of 0-5 gram is
more slowly absorbed than penicillin and takes longer to penetrate
into the cerebro-spinal fluid in therapeutic concentrations. Daily
intrathecal injections are recommended for the first few days in
cases’ where early treatment with streptomycin is deemed desirable.
Streptomycin hydrochloride is - preferred. Dihydrostreptomycin
should not be injected intrathecally because of its toxicity. The use
of intrathecal therapy has been abandoned in tuberculous meningitis
because satisfactory concentrations of isoniazid are obtained in the
cerebro-spinal fluid following oral administration of that drug.

Chloramphenicol administered by the oral route can be detected
3 hours later in the cerebro-spinal fluid. ~An initial -dose of from
1 to 3 grams according to age is recommended so that a high blood
level is rapidly attained.

The antibiotics of the tetracycline group are perhaps -the least
satisfactory of the more common drugs for the treatinent of meningitis,
although they have been used with success. - When given orally
the maximum dose absorbed is about 0-5 gram, which gives a relatively
low blood concentration. Passage into the cerebro-spinal fluid
occurs, but it may require 24 hours or longer before satisfactory
concentrations are found there. The newly described member,
tetracycline, is said to penetrate more readlly than aureomycin and
tetramycin.

If treatment with these drugs is necessary, the use of intravenous
therapy for the first day or two is advised. -

Brythromycin is advised only for resistant ‘staphylococcal
infections. When administered orally in the usual dosage of from 1-5
to 2 grams daily, penetration into the cerebro-spinal fluid occurs,
but it may take some time before a satisfactory concentration
develops If a suitable preparation, is avallable, intravenous therapy
is suggested for the first few days.-

* Bacitracin and polymywzin are used only in speeial cases. Since
both are toxic drugs, instructions as to dosage should be followed
meticulously (pages 26, 27).

MENINGOCOCCAL MENINGITIS

Memngococeal meningitis is usually amenable to treatment if
diagnosed in time, and responds to maximum doses of sulphonamides
alone. Sulphadiazine gives higher concentrations in the cerebro-
spinal fluid, but if sulphamezathine is preferred very large doses are
required, e.g. 2 grams statim and 1 gram 4-hourly for a child under
3 years. Initial therapy may be given intravenously. Treatment
with erystalline penicillin is also advised in a dosage of 1 million
units intramuscularly every 2 or 3 hours according to the severity
of the infection, together with one intrathecal m]eetlon daily of
10,000 units (5,000 units for a child) for the first few days. As the
patlent improves, the interval between intramuscular doses may be
lengthened to 6 hours, and later to 12 hours, but the size of the dose
should be maintained. Systemic treatment is continued for at least
4 days after the temperature has subsided and for at least 7 days
from the commencement of illness. In the 'presen'ce of the
Waterhouse-Friderichsen syndrome, antlblotle therapy is not sufficient
and the treatment of shock is vital.

PrNxEUMOCOCCAL MENINGITIS

. Pneumococcal meningitis is difficult to combat  owing to the
excessive production of pus and fibrinous adhesions. The mortality
was formerly 100%, ; the sulphonamides reduced it but little. Sul-
phonamides combined with- intrathecal penicillin and moderate
doses of penicillin intramuscularly produced a large reduction in
mortality (39, 51). . Later it -was shown  -that ..penicillin injected

intramuscularly or intraveneusly in large doses would reach the
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cerebro- splnal fluid -in almost all’ eases( ) -and- therapy based on .

such results gave a further reduction in mortality (18).-

Howeéver, it appears that the risk of not" obtaln.mg an adequate-_ '

concentration of penicillin in the cerebro-spinal fluid in even a few
cases outweighs .the dlsadvantages of ' intrathecal: therapy, and a
combination of the two methods is advised. ‘

"Pneumococcal meningitis is-usually secondary to another lesion
such as otitis media; pneumonla, sinusitis' or-fracture of the-skull:
It is noteworthy that in the best results published by those interested
in the question-of intrathecal therapy, close attention has been-paid
to .the eradication:of the primary infection and the preventlon and
-control: of impending relapse or complications (36, 51).- - . .. .-

The following treatment is recommended :

Intramuscular m]ectlons of 1. million units -of crystallme '

penicillin ‘should be-given 2-hourly .and. this. dosage and interval

.should-be.maintained:for several days.or. longer.if indicated. < .Subse-:.s: . ..

quently : -the interval may be lengthened A period of about
20 days of intramuscular injections is recommended to prevent

. relapse. . Intrathecal injections of 10,000 umts daily for at least
the first 3 days are advised.

Sulphadiazine . or sulphamezathlne may be gwen ‘in add1t10n '

to pemcllhn, but should not be used. alone as some strams of pneumo-
cocci are resistant.
Penicillin combined W1th aureomyeln is not adv1sed

HZEMOPHIDUS INFLUENZZE MENINGITIS

- Strains of Hemophilus mflucnzce may vary in their sen31t1v1ty
to different drugs such as. sulphadiazine, streptomycin, chlor-
amphenicol, the tetracycline group and. penieillin, but treatment
must usually be commenced before this is known. . Most strains are
sensitive to chloramphenicol, and this drug should always be included

if it is available. A useful ancillary form of treatment is antibacterial

rabbit serum. It is impossible at the early stage of this infection to
be certain how severe the illness will be, and it is advised that all
useful forms ‘of treatment be used. at the outset. If sensltlwty tests.

indicate the des1rab1]1ty of ehangmg the drugs used th1s should be

done at once.
“The following combmed treatment is suggested
(1) Streptomycin by intramuscular injection : for a chlld 100
milligrams 3-hourly for 24 hours, then 250 milligrams 6-hourly
for 24 hours, then 12-hourly for from 10 to 12 days.: Adults
may have 2 grams daily in 3-'or 6-hourly doses. Streptomycm
intrathecally : = 25 to 50 mlmgrams daily : for from 3 t0°5
, days.
(2) Antibacterial rabbit serum 1ntramuseu1arly or by contmuous
- intravenous drip in 5% glucose solutlon in a dose. of from

o, 30 to 120 millilitres.
- -+(3) Chloramphenicol orally -at::the
5. kilogram for an: adult or. up‘t

- for-am-infant. - ..
' The -minimum periO'
" dosage may usually be redu

00 mllhgrams per kllogram

treatment is -10 days. The
y- one-third after 5 days.

.‘rate of 100 m1111grams per

If chloramphenicol ‘is not avaﬂable, sulphad1az1ne or sulpha-
mezathine ghould be used 1nstead in maximum dosage. .. B

It is considered that the use of the tetraeyehnes in. combmatlonf o

with streptomycin should be.avoided in the treatment of’ memngltls
on account of possible antagonism (page. 31). If it is necessary to
use the tetracyclines, intravenous therapy is suggested: at: least for
the firgt two doses, e.g. 100 to 500 mllhgrams intravenously followed
12 hours later by the same dose, followed in 6 hours by an oral dose

. at the rate of about 40 mllhgrams per lulogram, which is repeated

at 6-hourly intervals.

" Various combinations of drugs such as: chloramphemeol and
sulphadiazine (2) are advocated in the literature, but in our experience
the combination of . streptomyecin with antibaeterial serum and
.chloramphenicol gives good results, with a low meldence of subdural
-effusion-and res1dua1 cerebral -damage.

.MENINGITIS ‘DUE T0 COLIFORM BACILII ‘ .

. Meningitis due to ;Bactcrium coli or related organisms is the

.commonest form of menmgltls in infants under the age of 6 weeks.

It occurs occasionally in. older children and in adults. Treatment

is the same as for Haemophclus influenzee memngltls Wlth the om1ss10n
-of -antibacterial serum."

Sensitivity tests are extremely important and should be carrled

-out without delay Tests with polymyxm B should be mcluded

OTBER FORMS OF PURULENT MENINGITIS

Occasmna]ly ‘infection occurs with Streptococcus pyogenes,
Staphylococcus' -awreus, or various Gram-negative bacilli such as

*_Proteus, Salmonella or Pseudomonas species. Direct smears may give

guidance- to stherapy. -If a streptococcus is seen, penicillin and
sulphonamldes should- be  given, but if a Gram-negative bacillus
is ‘present a combination of streptomycm, chloramphenicol and
su_l mezathine is ‘suggested while awaiting the laboratory report
on: the identity and sensitivity of the infecting organism. Staphylo-

: eoéeal infections are discussed on page 63.

" Tf there is no immediate ¢lue from the examination of smears as

v to the identity of the organism, and purulent meningitis is suspected,

immediate combined therapy with crystalline penicillin, streptomyecin
and sulphamezathine is recommended. If tuberculous meningitis
is‘a pos31b111ty, ‘but unproven, the streptomycin, but not the other
two drugs, ‘may be withheld for 24 hours, when the results of investiga-
-tions may be assessed and a decision made regarding dlagnosls and:

" ‘the most suitable chemotherapy.

» N drug should be injected intrathecally. without careful con-
. A faintly turbid cerebro-spinal fluid does not necessarily
lent meningitis (page 76), and intrathecal therapy ‘should
1.ced until information is received regarding the cytology,
nd the result of the examination of smears. - However,.
nicly pumlent penicillin may be injected 1ntratheca]1y .

':13 therapy may- be eommeneed unmedlately the .' :
tained if urgency is 1ndleated L
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m. T IS TUBERCULOUS MENINGITIS

The treatment recommended is‘the concurrent use: of streptomycur, :

: mtramuscularly and P.A:S.:and isoniazid -by mouth in ‘the: ‘dosage

stated ‘on pages 57, 58 Intrathecal 1n]ect10ns of streptomyem are _

not necessary -and are ‘not. adv1sed

‘Tuberculous  “meningitis-- sometlmes prov1des a problem in.

bactenologlcal diagnosis (page 76). ' Every effort should ‘be made to-
establish a diagnosis rapidly because of the benefits of early speclﬁc
therapy.. ‘However, if tubercle: bacilli cannot be demonstrated in:
smears of cerebro-spinal fluid and there is evidence of the possibility’
" of tuberculous: meningitis, chemotherapy for tuberculosis should not:
be unduly delayed. . The:subsequent course ‘of the disease -and the:

bacterlologrcal ﬁndlngs w1]l usnally conﬁrm or refute the chmcal. :

diagnosis. -

If there is any susp1c1on that the memngltls is early pyogemc:
rather than lymphooytic in type, penicillin and sulphamezathine in.
adequate dosage should be admlmstered 1mmed1ate1y as a precautlon

WHOOPING COUGH

Although meophclus pertussis is sensitive. in. witro-to. a number“
of antlblotlcs, including. erythromyecin, there.is:as yet no chemo-
‘therapeutic cure for Whooplng cough. Careful nursing is - still the-
most important :feature in . treatment. However, chemotherapy
lessens - the . .danger of comphcatlons ’I_‘he antibiotic of 'choice is
. terramyecin in a. dose of 4 0 milligrams per kllogram of body Welght
. The palatable form is best to administer if it i available.

Treatment is usually. continued for from 7 to 10 days, or longer'
if indicated' by the ' chest: signs. If excoriation of the mouth or-

buttocks occurs, therapy should be stopped T
OONJUNOTIVITIS e

rl‘he pathogens most commonly 1solated ! conJunctlwtls are-

mfectmg strain to sulphacetam1de, which is not’ un Ommon In

this event treatment with an ointment containing one' of the broad
spectrum antibiotics is - usually efEectlve Bacltracm
useful in staphylococcal 1nfectlons

advocated Since the: pemcﬂh.n is rapldly diluted, ;
applied every few minutes t‘or the ﬁrst hour and every ho ]
next elght hours il

SINUSITIS

and mhalatlons
A ‘great vanety of orgamsms ma;
-~ gelection: of the correct antibiotic d

helpful ‘tomake cultures- from th ent dlscharge before com-
“In acute ‘Gases, systemic’ therap;
zathine is often successful..

- of ‘hydrogen :
about . 600 00 units of procaine . penicillin. Tlcers of the gums

- their sens1t1v1ty It is-

pemc11]1n elther alone or-

: B ‘If there isno- clinical response a: broad spectrum drug may be: used
" ,‘.the choice being gulded by the bacteriology when this is:-known.”

“In subacute and chronic cages systemlc or local chemotherapy' S

can be used but dramage may be necessary

¥

TITIS MEDIA

: The" commonest orgamsm concerned. is. probably Streptococcuc l
pyogfmcs, ‘but: the' pneumocooous, Staphylococcus awreus and Hemo-

' e “philus influenze are also important. ~If there is a purulent discharge
Goa swab should be taken and cultures and sensitivity tests performed.

Most early, cases. respond well to penicillin therapy in ‘gimilar

S d'osage to that‘ used for acute tons11ht1s Paracentes1s may ‘be

ULOERS OF ‘THE MOUTH

Ulceratlon of the oral cav1ty is ‘not necessarily the result of
mfectlon, and it is a mlstake to treat th1s condition empirically with

‘ ant1b10tlcs

Syphilis’ should, always be cons1dered because of its great
1mportance, although it is now uncommon.  When . suggested
clinically it is most important to confirm the diagnosis by. dark- -ground
examination or Wassermann test first,-and then to treat the patlent

: adequately with pemclllm injections (page 55).

Severe infections - of the mouth caused by Vmccnt’s orgamnisms

_ ghould " be treated with injections -of crystalline penicillin given

6-hourly. - Less severe infections usually respond to local applications
yxide or may be treated with daily injections of

d thoroughly with applications of chromio acid and -
rox1de’ - When the acute condition has subsided attention
ene w1th the removal of fOGl due to. pockets and over-

The - presence ‘of occas1ona1 splrochaetes or fus1form bacllh in

smears from the mouth is not evidence of infection.

h or moniliasis there is no specific chemotherapy, but
ially respond to applications of gentian violet. Monilia
ometimes associated with .the ulceration and stomatitis
asmnally occur during. systemic therapy with antibiotics,
hen uncertain whether the ulcers are primarily due to-a
‘reaction or to a monilial infection. Withdrawal of the
rhed is the most unportant meagsure. - The presence of 3 -
he absence of lesions is not evidence of infection.

xceptlon of thrush hcrpcs simplex stomatitis ‘is: the

sters of vesicles which may break down to form{
he- tongue or.gums, spreading to the lips; af v
r and Jrntablhty “The -course -of infectio
8. There is a tendency for these ulcers t

oceurring mfectlon in' infants and -children. " Tt" ‘. '
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under stimulus of fever or infection. Antibiotics are of no value.
Palliative treatment is the use of gentian violet locally and occasionally
of trochets containing benzocaine.

In mon-specific ulcers of the mouth bacteria, usually Gram-

positive cocei, can always be demonstrated, but their causal
relationship is doubtful. Antibiotics appear to be useless. The
ulcers may disappear spontaneously or following improved nutrition.
Todoglycerol (Mandl’s paint) applied after removing saliva and
mucus with cottonwool is sometimes effective treatment. Occasionally.
the ulcers are intractable.

INFECTED WOUNDS AND ULCERS OF THE SKIN

The primary approach to the management of infected wounds
is that of applying surgical principles, for example, removal of foreign
bodies and dead tissue, provision of effective drainage, promotion of
adequate blood supply, reduction of cedema, adequate lavage,
correction of ansemia and hypoproteinsemia, prevention of reinfection,
ete. ; antibiotic therapy is ancillary to these and is usually not
required.

However, there are a few instances where chemotherapy is more
important—either

(1) because the infection endangers life :
(@) in consequence of the pathogenicity of the organism, or

(b) in consequence of the site rather than the nature of
the lesion

or (2) because the infection is rapidly progressing.

These are chiefly instances where rapid arrest or control of the

infection is desirable ; other measures may be applicable if time is
gained by the use of antibiotics. In many of these conditions where
empirical therapy is needed penicillin is clearly indicated.

In general, temporary sterilization by antibiotics of a wound
which, for reasons not baeterlologlcal does not heal at a normal
rate, is of little avail since it is usually followed by invasion of the
lesion by bacteria resistant to the antibiotic.

For this reason, .if for no other, chemotherapy should be co-
ordinated with surgical measures and used at the time when it will
be most effective.

Choice of an antibiotic is guided by the bacteriology of the lesion.
Frequently several species of bacteria are present and their relative
importance may not be clear. In such cases it is preferable to take
action against species known to be more pathogenie, such as Strepto-
coccus pyogenes and Staphylococcus aureus, rather than to use multiple
antibiotics.

Bacillus anthracis and the clostridia causing gas gangrene are
sensitive to penicillin. Cellulitis is usually caused by Streptococcus
pyogenes which is sensitive to penicillin, or ocecasionally by Staphylo-
coccus aureus of unpredictable sensitivity.

In post-operative spreading gangrene of the skin the causative
organisms are usually Streptococcus pyogenes in combination with
Staphylococcus aureus or one of these species in combination with.

v

Prateus vulgaris or Pseudomonas pyocyamea: Anaerobic or micro-
aerophilic streptococcl may also be concerned in .this and related
conditions.

Staphylococcus aureus is the most frequent cause of post-operative
and probably of all wound infections (page: 63). .Coliform bacilli,
Proteus vulgaris and Pseudomonas pyocyanea (page 66) are frequently
found and other species may occur. Treatment is in accordance with
the results of sensitivity testing. These bacteria are sensitive only
to a restricted and variable range of antibiotics, and empirical

- treatment is without beneficial effect in many cases.

In most wound infections where chemotherapy is necessary or
desirable, systemic administration is required. = However, in super-
ficial infections, and particularly in the treatment of ulcers of the leg
where, despite remedial measures, the blood supply remains poor,
topical applications may be advantageous. Simple measures such as
swabbing with ether in superficial infections due to Gram-negative
bacilli (particularly Proteus), and the application of 19, acetic acid
in infections caused by Pseudomonas are sometimes overlooked.

Tetanus and gas gangrene require the administration of antitoxin:
as well as penicillin. :

TYPHOID FEVER
By J. A. FORBES

Chloramphenicol is at present the drug of choice in typhoid
fever. Following adequate dosage in the early stages of the disease,
the patient usually becomes afebrile within 3 or 4 days, the blood
stream is cleared of organisms and complications are minimized,
although ulceration and perforation of the bowel occasionally occur.
‘When the infection is diagnosed late, the clinical benefit of chlor-
amphenicol is much less striking.

Relapses occur in a small proportion of cases usually from 4 to 10
days after the cessation of treatment, but as a rule they respond to a
second course of chloramphenicol. The incidence of relapse is related’
to the duration of the period of therapy and the following regimen is
recommended. Chloramphenicol is. administered orally at the rate
of 50 milligrams per kilogram of body weight daily, in divided doses
at 6- or 8-hourly intervals. The initial period of treatment is'2' weeks.
This is followed by a rest period of 5 days, and a further 10-day course.
of treatment. The use of chloramphenicol palmitate is:not advised
because it does not provide an adequate blood concentratlon of
chloramphenicol.

In patients with typhoid fever the stools are not cleared of
organisms as rapidly as the blood stream, and in healthy carriers
the excretion of the organism .is not affected by large doses of
chloramphenicol. .

Chloramphenicol has been preferred in treatment o aureomyecin
and terramyecin because most strains of Salmonella typhi are more:
sensitive to it 4n wvitro and because it causes less gastro-intestinal
disturbance. However,. we have seen a.few strains which were
equally gensitive to all three drugs, and both aureomycin and
terramycin administered mtra,venously have been used successfully
in therapy. . AR : :




' The therapy of typhoid fever was recently reviewed by Woodward

and his co-workers (61). '

GASTROENTERITIS AND BACILLARY DYSENTERY

Although the most important lines of therapy are fluid
replacement and rest for the bowel by diet restriction, chemotherapy
has its place.

Many infections abate rapidly whether treated or not. In
those which persist specimens of feeces or rectal swabs should be taken
whenever practicable and despatched to a laboratory without delay.

In the acute stage of illness while awaiting the bacteriological
report, treatment with one of the sulphonamides is recommended.
Sulphaguanidine is preferred because it produces a high concentration
in the lumen of the bowel and is absorbed to some extent into the
tissues. Alternatively sulphamezathine which is readily absorbed
may be used, or either phthalyl sulphathiazole or succinyl sulpha-
thiazole, both of which are only slightly absorbed. Success depends
on the sensitivity of the infecting organism and the nature and extent
of the lesion, which may be confined to the mucosa or not.

Suitable dosage schedules for adults are :
“Sulphamezathine : 4 grams statim and 1 gram 4-hourly.

Sulphaguanidine : 6. grams statim and 3 grams 4-hourly
(a palatable form is available).

Succinyl sulphathiazole : 7 grams statim and 3-5 grams 4-hourly.
Phthalyl sulphathiazole : 3 grams daily in 6-hourly doses.
Children may receive one-quarter to one-half of these doses.

Treatment should be continued for a few days after diarrhcea
has ceased.

Frequently no pathogens are discoverable and the patient recovers
rapidly. If, however, there is no clinical response to treatment
with the sulphonamides within 48 hours, one of the broad spectrum
antibiotics may be tried in standard dosage although their value is
doubtful.

In proven Shigella flexneri infections treatment with sulphon-
amides may be continued if there is good clinical response. If not,
one of the broad spectrum drugs may be given in accordance with
results of sensitivity tests, if these are available. All of these drugs
have been shown to be effective. During the war, infections with
Shigella flexneri were amenable to treatment with sulphonamides,
* but now resistant strains are sometimes found.

Most infections with Shigella sonnei are mild. Severe cases do
not respond to sulphonamides which are also ineffective in clearing
the carrier state. Treatment with streptomycin by mouth is often
successful and has no side-effects because it is not absorbed. Neomycin
administered by mouth may be effective if streptomycin-resistant
strains are present. The broad spectrum antibiotics may be used if
desired. ,

. Gastroenteritis caused by Salmonella species is still a chemo-
therapeutic problem. Most .patients recover spontaneously but
severe and even fatal infections occur. Antibiotics do not produce a
dramatic improvement in severe infections and there is difference of

oa

opinion as to whether they should be prescribed. The tetracycline
drugs may have an undesirable effect in that they may themselves
induce diarrhcea. The administration of fluids and biochemical and
especially electrolyte control appear to be the most important
measures.

A new antibiotic, synnematin B, has been.shown to be more
effective than other antibiotics in the treatment of mice and chicks
infected with Salmonella species (44). Clinical trials have not yet
been reported. '

If severe enteritis develops in a patient receiving treatment
with antibiotics for any infection (particularly with the tetracycline
drugs), the possibility of a secondary infection with Staphylococcus
aureus should be considered (59). The organism, which is present
in the feces (page 81), is certain to be resistant to the drug in use.
If sensitivity tests are not available erythromyecin should be tried.

AM@EBIASIS

By J. E. CLARKE

The course of amcebiasis may be altered in two ways: (1) by
drugs such as emetine and carbasone exerting a direct amcebicidal
action, and (2) by drugs which, by their action on the organisms
in the bowel, alter the intestinal flora making it unfavourable for the
survival of ameebe. Chloroquin, another amaeebicide, is concentrated
in the liver and is effective in amocebic hepatitis, but less effective
against ameba in the colon.

The perfect ameebicidal drug has not yet been found ; and it
remains true that whatever treatment schedule is adopted there will
be relapses, sometimes years later. Adequate follow-up is therefore
essential.

Penicillin was the first antibiotic used by Hargreaves in 1945
as an adjunct to other forms of treatment. It was suggested that
penicillin, by dealing with certain secondary infectors, prepared the
way for a successful attack by amaeebicidal drugs, otherwise ineffective.

Various antibiotics have been investigated for their ameebicidal
activity, and it seems clear that those of the tetracycline group are
actually amecebicidal as distinet from their effect in changing the
intestinal flora. Aureomycin and terramycin may therefore have
some place in the treatment of amdeebiasis, particularly in clearing
the gut of amceebe or cysts. However, they seem quite ineffective
in the treatment of systemic amoebiasis, e.g. hepatitis.

In the present state of our knowledge the following schedules
are advised :

(@) Intestinal ameebiasis with symptoms. Emetine hydrochloride,
1 grain daily, subcutaneously for from 8 to 10 days,
followed by carbasone, 0-25 gram, by mouth twice daily for
10 days. To eradicate the infection from the bowel there
is a choice of a wide range of drugs; probably the best is
still emetine bismuth iodide, 3 grains, by mouth, sometimes
combined (although these seem unnecessary) with quinoxyl
retention enemata, daily. Aureomycin or terramyein mny
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‘be used 0-5 gram four times daily for 10 days, or one of the
zi+ . quineline compounds, such as diiodoquin, 0-6 gram, three
ag o times daily for 10 'days. - »

T (b) Intestinal amaebiasis without symptoms (* cyst passers ’?).
Emetine hydrochloride, 1 grain, daily for from 3 to 4 days,
followed by emetine bismuth iodide by mouth fer 10 days,
and other drugs as detailed in (a).

‘() Hepatitis. Emetine hydrochloride, 1 grain, dally for from

10 to 12 days; this can be preceded by, or combined -with,

chloroquin phosphate, 05 gram (0-3 gram of base) twice
daily for 2 days, then 0-5 gram daily for 12 days. This
treatment must be followed by the use of drugs as outlined
in (a) to eradicate the infection from the bowel.

BRUCELLOSIS

Brucellosis continues to be a problem in chemotherapy. Both
the acute and chronic forms of the disease are prone to relapse,
possibly because the organisms are inaccessible to the antibiotics
used.

Aureomyecin, terramyem and chloramphemcol ha,ve all been

used singly with excellent initial response but a very high rate of -

relapse. 'When streptomycin is given in addition the relapse rate is
considerably reduced, but not abolished (41). Duration of therapy
is important and treatment should continue for 2, or preferably
3 weeks. :

The following regimen for an adult is recommended :
Streptomyecin : 2 grams daily in 6-hourly doses for 2 weeks, combined
with terramyecin or aureomycin: 3 grams daily in 6-hourly doses for
1 week, followed by 1-5 gram daily for 2 weeks.

After two weeks’ rest the course of treatment may be repeated
- in an attempt to avoid relapse, on this occasion using terramyecin or
aureomycin alone.

If repeated relapses occur, their clinical manifestations may be
prevented by anticipatory treatment with terramycm or aureomycin
for three or four days, commencing just prior to the period when
relapse is expected.

The effect of treatment of -chronic brucellosis when the patient
may have vague symptoms and little fever is not as dramatic as in
‘the more acute disease. The aboveregimen affords relief in a number

of patients; in.others the gastro-intestinal disturbance so- often

induced by the tetracycline drugs merely adds to their distress.

PUERPERAL AND ABORTIONAL INFECTIONS
By A. M. HILL

PUERPERAL INFECTIONS

The bacteria responsible for at least 759, of puerperal infections
:are the anaerobic streptococci, usually in association with Gram-
‘negative anaerobic bacilli /(Bacteroides). Most often responsible for
‘the remainder are coliform bacilli, Staphylococcus aureus, Streptococcus
feecalis and Streptococcus pyogenes Bacteriolog"ical investigations are
(discussed on-page 84. :

The combination of penicillin and sulphonamide is almost
invariably effective against the non-sporing anaerobes and Strepio-
coccus pyogenes. It is also often valuable in puerperal infection due
to the other bacteria listed, but resistant strains of these occur, and
when this is the case the broad spectrum antibiotics are required.

Penicillin

"For all severe and moderately severe infections ecrystalline
penicillin should be used, the dose varying from 30,000 units to
100,000 units every 3 hours, according to the nature and severity. of
the infection. Although many use larger doses, it is exceptional
for 'an obstetric infection to require more than 100,000 units every
3 hours. When the infection is under control, the intervals between
doses may be increased (e.g. 100,000 units every 6 hours) and therapy
continued at this level until at least 2 days after apparent clinical
cure.

The use of depot penicillin should be limited to the treatment of
clinically mild infections due to penicillin-sensitive bacteria such as
Streptococcus pyogenes and the anaerobic cocci, and to treatment
which' has to be conducted outside hospital. Fortified penicillin
containing 600,000 units of procaine penicillin with 200,000 units of
crystalline penicillin is recommended, the mixture being given twice
daily until infection is controlled, then once daily.

Sulphonamides
A ftriple sulphonamide is used to minimize the danger of crystal-

Juria and -toxic reactions. For moderately severe infections the

average dosage is from 2 to 3 grams initially, followed by from 1 to 2

) grams every 4 hours until the acute phase has resolved, then 1 gram

every 6 hours. For severe infections this dosage will need to be
increased by 50 9%, until the acute phase is controlled. Alkalis should
be given and the fluid intake raised to ensure a urinary output of at
least 2 pints daily.

Tetracyclines and Chloramphenicol

These drugs are employed only when penicillin and sulphonamides
have failed to control infection or when bacteriological investigations
indicate the need. Terramyecin and aureomycin are the compounds
most often required, the dosage being from 25 to 30 milligrams per
kilogram of body weight daily, or, in general, 500 milligrams every
6 hours. When chloramphenicol is used the dosage is 50 milligrams
per kilogram daily. Treatment is continued for at least two days
after apparent resolution.

Streptomycin

Owing to the speed with which bacteria become resistant to it,
streptomyecin has a limited place in the treatment of obstetric infec-
tions. At times, however, it has been of value against penicillin-
resistant staphyloeoccl or sulphonamide-resistant coliform bacilli.
The dosage is 0-5 gram every 6 hours, and if response is not definite
within 3 days it is waste of time to continue therapy.



Most mild infections do not require chemotherapy. It should
be given, however, if the infection does not resolve reasonably rapidly ;
if the patient has a surgical wound (e.g. episiotomy, Casarean section) ;

or if the bacteria are infectious to others (e.g. Streptococcus pyogenes,
Staphylococcus aureus).

Prophylaxis

Antibacterial agents may be used to prevent infection of mother
and baby before delivery. Chief indications are long-standing
rupture of the membranes, prolonged labour, infective vaginal
discharge, and contemplated surgery. Investigation of the vaginal
flora should precede and guide prophylaxis, but if this is not possible
a full penicillin and sulphonamide cover should be given. The only
reliable and therefore satisfactory form of penicillin for prophylaxis
is the crystalline.

Summary

The principles to follow in the treatment of puerperal infection
are these :

(1) Restore the patient’s blood volume and hemoglobin level
to normal. Blood is a more common immediate requirement than
antibiotics, and its early and adequate use will reduce, and at times
eliminate, the need for chemotherapy.

(2) When facilities are available, make a bacteriological diagnosis
as a basis for therapy. In serious infections, combined penicillin
and sulphonamide therapy should begin as soon as vaginal swabs
have been taken for smear and cultural examinations, and adjustment
of therapy can await the return of the bacteriological findings.

(3) Give a large initial dose of the agent chosen, maintain a high
dosage throughout, and continue therapy until at least 2 days after
the infection appears controlled.

(4) Do not treat the patient longer than neccessary for this
increases the danger of secondary infection.

(5) If clinical improvement is not evident within 48 hours,
question the value of continued therapy with the same agent and
dosage.

(6) The broad spectrum antibiotics should not be used at the
same time as bactericidal agents such as penicillin.

(7) Avoid the common dangers of indiscriminate therapy and
inadequate dosage. At times these have been responsible for the
death of a patient admitted to hospital after treatment outside.

ABORTIONATL INFECTIONS

The management of abortional infections differs from that of
puerperal infections in two main requirements :

(1) The treatment of Clostridium welchii infections (bacteriological
diagnosis by direct smears, page 86), which, in Melbourne,
are the commonest cause of deaths from infected abortion.

(2) The common need for uterine curettage which, particularly

in anaerobic infections, should be performed as soon as is
compatible with safety.

The treatment of severe Clostridium welchii infections involves
the immediate application of a number of measures : administration
of antitoxin, chemotherapy, treatment of shock, uterine curettage,

- replacement of blood loss and management of renal failure. Chemo-

therapy consists of 100,000 units of penicillin every 3 hours, together
with moderate doses of sulphonamides when indicated. Penicillin
is unreservedly the antibiotic of choice. Without the early and
adequate use of antitoxin, however, the gravest cases will die.

1t must beremembered that althoughimmediate uterine curettage
is usually desirable in infected abortion it should not be attempted
until the patient has recovered sufficiently from shock, and restoration.
of blood loss and chemotherapy have begun.

GONORRH@EA
Penicillin is the drug preferred. One intramuscular injection
of 600,000 units of procaine penicillin with 100,000 units of the
crystalline salt added will effect a cure in a number of cases, but daily
injections for five days are advised to prevent relapse.

One injection of DBED penicillin to which has been added
procaine and crystalline penicillin has also proved effective.

It is important to consider before starting treatment for
gonorrheea whether the patient may be suftering from syphilis, which
requires a much more prolonged treatment.

SYPHILIS
Penicillin has produced excellent results in the teeatment of
syphilis. Modifications in treatment are required for the different
forms of the disease, and results vary according to the chronicity.
Syphilis is the chief condition where procaine penicillin in o0il with 29,
aluminium monostearate added is used. The dosage of this prepara-
tion is: :

(ev) Barly syphilis : 2,400,000 units in one injection or in equally
divided doses in each buttock, followed four days later by
600,000 units. This dose is repeated at four-day intervals
for four injections.

(b) Late and latent syphilis: 600,000 units twice weekly for
5 weeks.

(¢) Neuro-syphilis : 600,000 units twice weekly for 10 weeks.

(d) Congenital syphilis : 150,000 to 300,000 units twice weekly
for 6 weeks.

After from 6 to 8 weeks’ rest, serological tests are done and the
course of penicillin repeated if necessary.

Serological tests should be carried out monthly for the first
year, quarterly for the second year, and then annually. In all forms.
of chronic syphilis the ecerebro-spinal fluid should be examined before-
a cure is claimed.

If a relapse occurs, or if the two courses of treatment fail to
achieve a satisfactory serological response, the older methods of
treatment may be combined with a course of penicillin injections.
In such cases the use of large doses of crystalline penicillin is suggested..
The failure rate in therapy is about 109%,.
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It is likely that the oily preparation of penicillin will be replaced
by either DBED penicillin, 600,000 units, or a mixture of DBED
penicillin, 600,000 units, with procaine penicillin, 300,000 units,
.and crystalline penicillin, 300,000 units. This dose will be given in
.one injection at weekly intervals. However, in a disease such as
Syphilis it requires several years before the efficacy of a new form of
therapy can be assessed.

In patients treated with any form of penicillin a Herxheimer
‘reaction may occur. This is usually shown by a rise in temperature
.and an exacerbation of joint pains and skin lesions which rapidly
.Subside. However, in cardio-vascular syphilis a Herxheimer reaction
may be fatal and some authorities prescribe a preliminary course of
‘bismuth and iodides before penicillin is given. Serious reactions can
.also ‘occur in late neurosyphilis.

Aureomycin and terramycin have been used with success in
the treatment of syphilis, but are not as reliable as penicillin. TLarge
-doses of at least 2 grams, or preferably 3 grams, daily have been
‘recommended.

TUBERCULOSIS
By D. B., ROSENTHAL

The manifestations of tuberculosis are so various that the details
of the management of individual cases, including the duration of
‘treatment, may require the advice of a specialist, and surgical inter-
vention may be necessary.

In the field of chemotherapy, rapid changes in the choice and
.administration of drugs have occurred, and further developments
.are to be expected as experience aeeumulates and new drugs become
available.

At the time of writing, the drugs most 1mportant in chemotherapy
-are, in order of preference : streptomyein, isonicotinic acid hydrazide
(I.LN.A.H., isoniazid) and para-amino-salicylic acid (P.A.S.).

It is generally held that one drug should not be used alone but
that two or even three drugs should be given concurrently to prevent
or delay the emergence of resistant bacilli and to obtain a better
therapeutic effect. This view is supported by clinical and bacterio-
‘logical evidence that if streptomycin is used alone bacterial resistance
- develops rapidly and the therapeutic value of the drug is probably
lost. If it is combined with either P.A.S. or isoniazid or with both,
‘the emergence of resistant organisms is delayed.

Recent work (17) suggests that in certain patients isoniazid
may be used alone for a long period of up to 12 months. Organisms
‘resistant to this drug may emerge, but this is less serious than is the
case with streptomycin. Some (but not all) isoniazid-resistant
bacilli are of lower virulence for guinea-pigs, and therefore presumably
for man than are sensitive bacilli. It is further suggested by the
same workers that when isoniazid is used alone, particularly in the
early stages of therapy, the combination of streptomycin and P.A.S.
.or other drugs is then available for patients in whom clinical response

proves unsatisfactory. But it is not established that treatment .

‘with isoniazid -alone is superior to treatment with isoniazid
4in combination.

o7 .

Until the situation is clarified it is recommended that :
{1) In general, one drug should not be used alone.

(2) A long period of therapy is essential and should be continued
well beyond the time when the disease appears on clinical and
radiological grounds to have been arrested.

(3) There should be no interruption in the administration of
drugs.

‘The simultaneous use of streptomycin, isoniazid and P.A.S.
is recommended in the acute disease, such as miliary or meningeal
tuberculosis, or acute forms of pulmonary tuberculosis.

‘In the subacute and chronic forms of the disease, streptomycin
and P.A.S. may be alternated with streptomycin and isoniazid. The
combination of P.A.S. and isoniazid is convenient for administration
to ambulatory patients.

Isoniazid appears able to penetrate tissues more fully than does
streptomyecin, and it is excreted in the urine. It enters the cerebro-
Spinal fluid and is therefore useful in tuberculous meningitis.

In this last condition the treatment of choice is the use of strepto-
mycin intramuscularly, together with P.A.S. and isoniazid by mouth.
If oral administration is impracticable, P.A.S. may be given intra-
venously and isoniazid by rectal injections. It is neither desirable
nor necessary to administer streptomycin by the intrathecal method.

In primary tuberculosis, evidence of infection may be shown
-early by the conversion of the tuberculin reaction, with or without
demonstrable pulmonary lesions of a * primary complex ’’ type. Any
combination of the drugs listed above may be used in the treatment
-of this condition, but the use of isoniazid alone for a period of from
3 -to 12 months has been advised by several authorities, including
Walgren of Sweden, and Lincoln, Waring and Middlebrook of the

. United States of America.

ADMINISTRATION, DOSAGE AND ToxIC EFFECTS
(1) Streptomycin
Dosage

(@) For all forms of tuberculosis (including renal tuberculosis)
other than the acute generalized or meningeal disease,
1 gram in a single dose intramuscularly on alternate
days, or twice weekly if long continued.

(b) For the acute generalized or meningeal disease 1 gram
intramuscularly once or twice daily.

Towzic Effects
(1) Disturbance of vestibular function, usually compensated.
(2) Deafness.
(3) Skin rashes.

‘Toxic effects are rare in the dosage advised.

The advantages of a mixture of streptomycin and dihydro-

streptomyein in reducing toxicity (page 19) must be weighed agulnat

the possible advantage of reserving dihydrostreptomydin for use lu
streptomyem -sensitive patients (30). :
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(2) Para-amino-salicylic. Acid - ' i

P.A.S. may be given orally as the sodium sa.lt in solutlon, or as
the acid or as the salt of sodium or calcium, in tablets or granules.
Preparations are also available for intravenous and intrapleural
therapy, but their use is rarely advised.

Dosage
12 grams of the acid or 16 grams of one of the salts adminis-

tered after meals. The drug should not be given on an.

“ empty stomac

Towic Effects

Nausea, voiniting, diarrheea, and occasionally fever and.
skin rashes. The latter are usually mild, but ex-
foliative dermatitis may occur.

(3) Isonicotinic Acid Hydrazide

Many forms are available from manufacturing chemists. . All
appear to be equivalent and are termed collectively ‘“ I.N.A.H."” or
isoniazid. They are usually given orally in tablets of 50 milligrams,.
but preparations are available for intrapleural and other parenteral
administration.

Dosage

The commencing dosage is from 2 to 4 milligrams per
kilogram of body weight, which may be rapidly increased
to from 8 to 16 milligrams if no untoward effects are:
observed. A -useful rule as commencing dosage is

© 200 milligrams daily if the patient’s ‘weight is below
10 stone and 300 milligrams daily if it is above 10 stone..
The drug is administered as 2 tablets after meals night.
~and morning or 2 tablets after meals three times daily.

Towxic effects are not. commonly observed, but the following
reactions may oceur :

Vertigo, twitching of the lower limbs, increase in reflexes,
retention of urine, dryness of the mouth, asthma (rare),
drowsiness (rare). ‘¢ Peripheral neuritis " may develop:
in the later stages of therapy, but is usually not severe-
nor of long - duration. The relation to- a possible
vitamin B2 deficiency is undecided but the administra-
tion of pyridoxine (vitamin B6) is advised.

(4) Other Drugs

The following drugs are less commonly used, but are available
when standard forms of chemotherapy are unsatisfactory.
(1) Viomycin (page 29). The dosage is 1 gram night and morning-
every third day, administered by intramuscular 1n]ect10n.
Isoniazid or P.A.S. should be given concurrently.

(2) Pyrazinamide, a derivative of nicotinic acid. The dosage

.is 1 gram, three times a day, by mouth. Hepatitis and liver

failure may occur.
The drug is used in combma.tlon with isoniazid. -

(3) Lerramycin (page 21). The dosage is 4 grams daily by
mouth and the drug is given in combination with isoniazid.

DURATION OF CHEMOTHERAPY

The administration of drugs used in the treatment of tuberculosis
should be continued, without remission, depending on the clinical
condition. The period should be not less than twelve months for
meningitis. The limitation of usefulness of drugs may be indicated
by the loss of bacterial sensitivity to the individual drug. If organisms
are not available for testing, and toxic effects are not observed in the
patient, drug treatment may be continued for a variable time of a
minimum of six months to a reasonable optimum period of two years.

TUBERCULOSIS IN INFANTS AND CHILDREN

The general principles presented above apply equally well for
children.

In the early stages of treatment of acute miliary or meningeal
tuberculosis and. tuberculosis of bones and joints, the dose of strepto-
mycin for infants is 250 milligrams once daily, and for a child from
3 to 6 years, 0-5 gram.

The dosage of P.A.S. for a child is from 3 to 5 grams daily, and of
isoniazid (as for an adult) from 2 to 4 milligrams per kilogram of
body weight, which may be increased rapidly to from 8 to 16 milli-
grams in the absence of toxic effects.

CORTISONE IN TUBERCULOSIS ' ,

Cortisone is considered undesirable in the therapy of tuberculosis
because of its action in suppressing the normal inflammatory response
to infection. However, in certain conditions when the patient can
be placed under close observation the administration of cortisone
may be -valuable, e.g.

(1) In acute and permstent severe tuberculous infections, such
a8 pleurisy with effusion, pericarditis, meningitis, when the
response to conventional therapy is unsatisfactory (31).
Chemotherapy must be continued during the exhibition of
cortisone (page 71).

(2) In the treatment of hypersensitivity reactions to strepto-

" - mycin or P.A.S. In patients with severe reactions, cortisone
may beneeded to save life. Large doses are usually necessary,
but only for a limited period. In such cases, the anti-
tuberculous drugs should be stopped. Minor reactions may
be offset by the temporary or intermittent use of adrenal
steroids without discontinuing the exhibition of the drug (31).

(3):In any tuberculous patient for whom cortisone may be

-..indicated to save life or sight in diseases which are amenable

- to therapy with adrenal steroids, e.g. pemphigus, polyarteritis

“nodosa, iridocyclitis, or when warranted in acute or chronic

. :non-tuberculous arthritic disease by the severity or pro-

. gression of the condition. The concurrent administration
-of the standard anti-tuberculous drugs is essential.



LEPROSY
By J. A. ForBES

No specific cure for leprosy has yet been found, and the assessment.

of drugs is hampered by inability to cultivate Hansen’s bacillus.

Chaulmoogra and hydnocarpus oils, the traditional remedies, -

are still used in some places, usually administered by intramuscular
or local injection in conjunction with more modern drugs, but they
are generally considered to be of little specifie value in treatment.

Various modern drugs which inhibit the growth of Mycobacterium
tuberculosis in wvitro are being used in the treatment of leprosy ;
of these, the sulphones and thiocetazone (syn. thiosemicarbazone)
appear to have the most favourable effect.

ADMINISTRATION, DOSAGE AND ToXIC EFFECTS
(1) Sulphones

The various forms of diaminodiphenyl sulphone appear to provide
the most effective treatment for leprosy at present. ’

Remissions, particularly in cases of lepromatous leprosy, appear
to be more common with sulphone administration, but recrudescence
occurs frequently at varying intervals of time.

Dosage

The dosage varies according to the type of sulphone.

(a) Solapsone may be given orally in tablets or by sub-
cutaneous or intramuscular injection. The initial dose
is usually about 1-5 gram a day, gradually increasing
to a maximum dosage of 5 grams a day.

(b) Dapsone may be administered orally or by intramuscular
or subcutaneous injection. The initial dose is usually
100 milligrams twice weekly and may be increased
cautiously to 300 milligrams daily.

(¢) Promin may be given orally or intravenously. It is
rather more toxic than the former two types and small
initial doses may be necessary, gradually increasing to an
optimum dose of 5 grams a day. Signs of toxicity
may prevent the dose from being increased beyond
2 grams. :

Towxic effects are gastro-intestinal upsets, anzmia ; at times,
acute hemolytic ansemia. These drugs at times appear
to provoke exacerbations of the disease, dermatitis, lepra
reactions, leprous neuritis and iritis, most of which clear up
" with the temporary withdrawal of the drug.

(2) Thiocetazone '

This drug is administered orally in tablet foim.
Dosage :

Initially 25 to 50 milligrams daily, gradually increased to -

150 or 200 milligrams daily.
Toxic Effects
Liver damage and depression-of bone marrow may Occur ;

mild toxic effects are gastro-intestinal disturbances,
conjunctivitis and skin rashes.

Isoniazid is commonly used in similar dosage as for tuberculosis,.
in conjunction with the sulphones. »

The duration of treatment is at least several years with occasional.

rest periods, and may continue for life.
BACTERIAL ENDOCARDITIS

Unless the patient is dangerously ill it is most important to:
obtain a positive blood culture. This is usually easy in the acute form
of the disease, but in subacute bacterial endocarditis it may be
necessary and is desirable to make several attempts at daily or shorter
intervals before commencing chemotherapy. A positive blood
culture often clinches the diagnosis. Moreover, once empirical
therapy is given, blood cultures are likely to be negative, yet the
physician is committed to a long course of treatment.

In both the subacute and acute forms of the disease penicillin-
sensitive organisms are usually found, but infections with penicillin--
resistant cocei, Hemophilus influenzee and other Gram-negative
bacilli occasionally occur, and a knowledge of the identity of the
organism and its sensitivity to antibiotics is often invaluable in
controlling therapy.

If no organisms are isolated from blood cultures a presumptive
diagnosis is sometimes warranted, and penicillin (given always as
crystalline penicillin G by injection) is the drug of choice, since in
general more than 909, of infections are amenable to treatment
provided that adequate dosage is given.

Penicillin Alone

‘When the infecting organism is sensitive to penicillin, as in
subacute bacterial endocarditis caused by Streptococcus wiridans,
the best form of treatment is penicillin alone, although strains vary
considerably in their sensitivity to penicillin and in the dosage
required. .

The duration of treatment is extremely important, and
Christie (13) showed that while patients might occasionally respond
satisfactorily to a course of ten days’ duration, relapse was frequent.
Christie recommended a course of 500,000 units of crystalline peni-
cillin daily in 3-hourly doses for 28 days. In 1949 (14), with due
regard to the varied resistance of organisms, he recommended a
minimum course of 2 million units a day for a month or 6 weeks. Larger
doses are required if the organism is very resistant or if there is no
clinical response. The extent and degree of organization of the
lesion varies in different patients, and larger doses may be required
to achieve penetration. In our experience injections at 6-hourly
intervals are satisfactory.

Treatment with procaine penicillin injected twice daily in
combination with benemid to raise the blood concentration of penicillin
has been used with success, but the reliability of this regimen is not
established and it is not recommended. '

Penicillin with Streptomycin o

It was first demonstrated by Hunter (32) and has since been
confirmed (12) that the administration of penicillin with strepto-
mycin was more effective than penicillin alone in the treatmoent of




subacute Dbacterial endocarditis due to Streptococcus  frecaliz.  The
two drugs are synergistic and are effective even when the organism
is relatively resistant im witro to streptomyein.

The dosage of streptomycin recommended is 2 grams daily
in 6-hourly doses, and is given for the whole period of 4 to 6 weeks.
A eourse of streptomyein of 2 grams daily for the first 10 days only
has been suggested, but its value remains to be determined. Strepto-
mycin may be mixed with penicillin and injected at the same time.

Streptomycin alone is not recommended because of the rapid emer-
gence of resistant organisms, although occasional successes in therapy
have been reported.

Sulphadiazine or wureomyecin or terramycin or chloramphenicol alone
are reported ag having been used with suceess on oeceasion in early
cases, but relapses are common.

Streptomycin with sulphadiazine or auwrcomyein or terramycin or chlor-
amphenicol might provide a suitable combination for an infection
with a peniecillin-resistant organism provided that the organism was
sensitive to both the drugs used.

Whatever treatment is selected, present knowledge suggests
that a prolonged course is desirable.

INFECTIONS OF THE URINARY TRACT

The organisms most commonly responsible for infections of the
urinary tract are Gram-negative bacilli, especially coliform bagcilli
and species of Proteus and Pseudomonas pyocyanea. It is well known
that the sensitivity of these organisms to antibioties and sulphon-
amides is unpredictable, so that treatment guided by sensitivity tests
is desirable. This applies also to staphyvlococcal and streptococcal
infections.

Since these drugs are all excreted in the urine in much higher
concentrations than are attainable in the blood, it is sometimes held

(a) that very sensitive organisms can be eliminated by the use
of small doses, and

(b) that infections with organisms resistant to blood concentra-
tions yet sensitive to urine concentrations of a drug are
amenable to treatment with moderate or large doses.

These views may not be valid. While they may apply in
supertficial infections such as cystitis, where the inflamed mucous
membrane may absorb quantities of the drug (as is established in
topical therapy with sulphonamides), it is unlikely that they would
hold in lesions which extend more deeply into the tissues. It is
therefore probably advisable to choos¢ a drug to which the infecting
organism is so sensitive that requisite blood concentrations are
readily obtainable.

It is desirable to make microscopical and cultural examinations
ol urine several days after treatment has ccased to ensure that the
infection i8 cured and not merely suppressed.  Successful therapy
cannot be expected in the presence of obstruction brought about by
stricture, tumonr, caleulus, prostatomegaly. ete.

The gulphonamides, streptomyein, chloramphenicol, aurcomyein
and terramycin have all been used separately with success in
susceptible infections. The use of streptomyein alone is not recom-
mended owing to the probable emergence of resistant strains, but
in combination with sulphonamides or with one of the broad spectrum
antibiotics it may eradicate an infection which was only c¢linically
suppressed by the use of one drug alone.

Penicillin ig useful in the treatment of staphylococcal and
streptococcal infections when the organisms are sensitive, but other
drugs, such as aureomycin, often give better results in infeetions
with Staphylococeus aureus or Ntreptococcus fwealis.

The recommended dosage of the different drngs aceording to the
results of sensitivity tests has already been stated.

Sulphonamides are preferred in empirical therapy and when the
organisms are shown to be sensitive to a number of drugs ineluding
sulphonamides.

The trecatment of tuberenlous infeetions of the nrinary tract is
considered on page 57.

NSTAPHY LOCOCCAL INFECTIONS
Staphylococeal infeetions present the major problem in ¢hemo-
therapy owing firstly to the nnpredictable variation in the sensitivity
of dilferent strains of staphylococei to antibiotics; and secondly to
the fact that even when the organisms are sensitive the infection is
not always amenable to treatment. Cultnres and scusitivity tests
are of great importance.

Home 509% of straing initiating infeetion outside hospital are
sensitive to penicillin as well as to other drugs. In such caues,
penicillin is the drug of choice, at least in severe infections such as
osteomyelitis and staphylocoeeal endocarditis, in which it is more
effective clinically than the broad spectrum antibiotics. However,
the widespread uge of penieillin has led to the selection of strains of
staphylococci which can resist the action of penicillin. These
organisms possess i destructive enzyme, penicillinase, which atcounts
for their resistance to penieillin.  Ditferent strains vary in the amouut
or rate of penicillinase production. Some may be overcome by
magsive doses of penicillin : others defy all forms of therapy with
this drug.

Most straing initiating infection ingide hospitals today and many
strains causing infeetion in out-patients are penicillin-resistant.
Some are sengitive to sulphadiazine and to streptomyein, but neither
of these drugs iz recommeuded by itself, since sulphonamides are
inactivated by pus and are not effective unless drainage is présent,
and streptomycin-resistant organisms appear rapidly following
treatment with that drng. However, their possible value as adjuvants
to other drugs or in combination with each other should not be
forgotten.

Many of these penicillin-registant strains are sensitive to one or
other of the broad spectrum antibiotics. Provided that an organism
is sensitive to them, all these drugs appear to have the simne therapeutic
value and the same limitations. They are effective in the treatiment
of boils, staphyvlococeal septicsemia, aecute staphylococenl broneho-
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pneumonia and urinary tract infections, but the treatment of osteo-
myelitis is less satisfactory than in patients who can be treated with
penicillin. Moreover, the treatment with the broad spectrum anti-
biotics of patients with bacterial endocarditis or with such lesions as
metastatic abscesses of the lungs usually fails, with clinical and
bacteriological relapse as soon as the druy is withdrawn.

Other penicillin-resistant strains are resistant to all of the broad
spectrum antibioties so that therapy with them fails even in minor
infections. Severe infections with such strains as in enteritis (page 51),
as well as severe infections with strains sensitive to, but not amenable
to treatment with the broad spectrum antibiotics, are a cause of
anxiety. Erythromyein and bacitracin are both active against
Staphylococcus aurews* and at present most strains are sensitive to
both drugs. However., both drugs suffer from disadvantages.
Erythromyecin is a bacteriostatic drug not effective in bacterial
endocarditis, for example, and resistant organisms soon appear.
Bacitracin, although bactericidal, is toxie, and its use is limited.

The initial choict between erythromyein and bacitracin depends
on the nature and severity of the infeetion, and erythromyecin may
often be tried first.

If neither drug is available, recourse is had to massive intravenous
therapy with penicillin in an attempt to overcome the production of
penicillinase by the organism. Such treatment has proved life-saving
on occasions (54).

The use of combinations of drugs such as streptomycin with
penicillin or penicillin with bacitracin may also be tried in an attempt
to obtain an additive or a synergistic effect.

Recommendations regarding therapy may be summarized as
follows :

(1) Minor staphylococeal lesiong do not usually require treatment
with antibiotics. However, when they are a source of
infection to others, as in nurseries, treatment iz desirable.
If antiseptics fail or are unsuitable, use topical applications
of bacitracin.

(2) In more severe infections, make cultures and carry out
sensitivity tests even when it is felt that empirical therapy
cannot be withheld. The information gained may subse-
quently prove invaluable if empirical therapy fails.

{3) If sensitivity reactions are known :

(a) If the organism is known to be sensitive to penicillin
and to other drugs, use penicillin, because it is the most
effective and least toxic drug. When the infection is
not severe. treatment with the procaine salt in a dosage
of about 600,000 units for an adult or 300,000 units
for a child administered once daily, should suffice.
When the infection is servious, such as gepticemia,
osteomyelitis, endogarditis or pnenmonia, use erystalline
penicillin. preferably in large doses of 1 million units
3-hourly. If osteom velitis is treated early, complete

* Staphylococcus pyogenes.

L)

rezolution of the local lesion may be obtained without
drainage. Treatment is continued for one week after
systemic and local signs have subsided. If the necessity
for drainage is evident, it should be carried out under
cover of echemotherapy. However, in the chronic
form of the digeage clinical judgment and surgical
technique take precedence and chemotherapy cannot
follow any preconceived plan.

(h) If the organism is resistant to penicillin but sensitive
to one or other of the broad spectrum antibiotics, use
the appropriate drug in standard doses by the oral
route.  In o infeetions which endanger life  consider
intravenous therapy.

(¢) If the organism is resistant to penicillin and to all
the broad spectrum antibioties but sensitive to erythro-
myein, give erythromyein by mouth, or intravenously
if indicated. ;

(¢f) 1f the organizm is also resistant én vitro to erythromyein
or if there has been no elinieal responge to erythromyein
or if the infection is deep-seated, as in staphylococcal
endocarditis, and is unlikely to respond to erythromyecin
give bacitracin intramuscularly.

(¢) If the use of erythromycin or bacitracin is indicated
and neither is available, try continuous intravenous
infusion with penicillin in a dosage of 100 million
units per day. In addition, give streptomycin intra-
muscularly in a dosage of 0-H gram 6-hourly. If
continuous intravenous infusion is impracticable, give
2-hourly intravenous or intramuseular injections of
penicillin with as large doses as possible, and give
benemid by mouth to raise the concentration in the
blood. The administration of antiscrum may also be
considered.

.

(4) If the infection is known to be staphylococceal but drug

sengitivity reactions are not known, treatment is influenced
by considerations which include the severity of the infection.
the likelihood of it being controlled by a particular drug and
the toxicity of the various drugs.

Of 850 straing of staphylococei tested during the year
1954, 15°, were registant to chloramphenicol, 259, to aureo-
mycin and 289 to terramycin. Higher percentages were
resistant to streptomyein, sulphadiazine and penicillin, in
that order. Far fewer tests have been done with tetracycline
which appears very similar to aurcomye¢in, 89, were
resistant to all these drugs.

While other records compiled from different sources
may show results more or less similar, it is obvious that a
particular strain’ of staphylococcus may be sensitive to one,
several, all or none of the drugs. In view of this fact,
empirical treatment is inadvisable. Minor infections should
not he treated with antibiotics under these circumstances
and infections of moderate severity should be investigated.
Since staphylococei are hardy and on serum-treated swabs



will survive transmission through the post, the sensitivity of’

the strain can be determined and treatment with antibioties
instituted on logical grounds.

(@) If circumstances render it desirable to treat ineapacitat-
ing but not dangerous infections while awaiting
sensitivity results, then penicillin is recommended
because of its low toxicity and its superior efficiency
against strains sensitive to it and other drugs. TIf
penicillin - should be found ineffective, sensitivity
reactions should by that time be known, but if they
are delayed one of the tetracycline drugs would be
the next choice.

(b) In a minority of cases the prognosis is such that
immediate treatment is necessary. The higher toxicity
of ehloramphenicol is then discounted, and it becomes
the drug of choice. However, sensitivity testing
should be initiated before it is administered. If
the infection is still progressing 48 hourg later and if
the sensitivity report is not available, then the use of
either erythromycin or bacitracin is indicated. 1f
one of these is not immediately obtainable, aureomyein
may be tried, since in our experience, about one-third
of the strains resistant to chlorampheuicol are sensitive
to it See also 3 (e, d, e).

INFECTIONS WITH PROTEUS VULGARIS OR
PSEUDOMONAS PYOCYANEA
Infections with the Gram-negative bacilli, Proteus vulgaris and
Piseudomonas pyocyanea, oceur most conunonly in the urinary tract
or in lesions of the skin such as wounds or burns. More serious

infeetions such as septiccemia and meningitis occur oceasionally and

may be fatal.

The sensitivity of different strains varies considerably, and is
therefore unpredietable, so that sensitivity tests are important and
should be carried out with snlphadiazine, streptomycin, echlor-
amphenicol, the tetracyline drugs, polymyxin B and sulphamar.

In our experience some 409 of strains of both organisms isolated
from routine cultures have proved sensitive to low coneentrations
of sulphadiazine. Strains resistant to this drug are often sensitive
to one or more of the antibioties in concentrations attainable by
systemie therapy. A minority of straing requires the high con-
centrations which are only obtainable in topical applications. Most
strains of both organisms are sensitive to sulphamar, which iz very
suitable for topical therapy.

Many straing of Pseudomonas pyocyanea are sensitive to
polymyxin B, but Proteus vulgaris is usually resistant. Proteus
may be sensitive to neomyein, but the toxicity of this drug prohibits
its systemice use except as a life-saving measure.

PYREXIA OF UNKNOWN ORIGIN
Investigations and treatment depend on the severity and duration

of the infection. In seriously ill patients in whom it is felt chemo-
therapy cannot be withheld, a total and differential leucocyte

count, blood culture, and miero examination and culture of urine
should be undertaken first, even if it is not possible to wait for the
laboratory reports.

In children who are acutely ill with no detectable cause, lumbar
puncture should always be considered, as this is often the only way
that an early diagnosis of meningitis can be made,

In subacute cases of persigtent pyrexia chemotherapy should be
withheld until diagnostic tests have been completed.

Empirical therapy suggested for severely ill patients with pyrexia
of unknown origin is a combination of :

Crystalline penicillin G : 500,000 units 3-hourly.

Streptomyein-:  0-5 gram 6G-hourly.

Sulphamezathine : 6 grams statim and 1-5 gram 4-hourly it
given orally : or 45 grams statim and 1-5 gram 6-hourly
if given by intravenous or intramuscular routes.

Meanwhile every effort should be made to establish a diaguosis

{(payge 87).

The uge of chemotherapy in the minor acute febrile illnesses of
unknown origin as scen in private practice depends on clinical
judgment. Each case is to be considered on its merits, but penicillin
or sulphamezathiue should usually be tried tirst. It is in the patient’s
intercst to regerve the other drugsif pogsible, for more severe infections.

LEPTOSPIROSIS

Five types of pathogenic leptospira are known to cause human
infeetions in  Australia. These are Leptospira icterohwmorrhagie
(the cause of classical Weil’s disease), Leptospira australis 4 and
Leptospira australis I3 which are classitied as the caneficlds lepto-
spiroses, and Leptospire pomona and Leptospira mitis, which are
grouped as the mild leptospiroses. These infections have been
deseribed in detail by Johnson (34).

The treatment recommended by Cotter (15) for leptospirosis
is erystalline penicillin in a dosage of 500,000 units 3-hourly for a
period of 3 or 4 days. Patients are usually afebrile within 48 hours
and there appear to be no sequela, at least when infections are treated
carly.

Aureomyciu and terramyein have also been used in carly
treatment. However, there is doubt as to the value of any form of
chemotherapy in the later stages of the disease : mild cases recover
without treatment and severe infectiong may be fatal despite it (63).
Further clinieal trials are required.

The use of sulphonamides 8 not advised becanse of the risk of
aggravating renal damage and causing anuria.

RICKETTSIAL DISEASES

Typhus Feever. The typhus fevers known to occur in Australia
are scrub typhus (Queensland), murine typhus (Western Australia,
Queensland, South Australia, New South Wales, Vietoria) and North
Queensland tick typhus (Queensland).

All varieties of the disease respond to treatment with the broudd
spectrum antibiotics, but occasionally treatment with a particular
-drug fails. This may reflect variation in the sensitivity of dilterent
straing of rickettsiw.



Dosage schedules recommended (15) are as follows :

Chloramphenicol : 3 grams statim followed by 0-25 gram at
3-hourly intervals until a total of 6 grams has been given,
or for longer if clinically indicated.

Aureomycin or terramyein : 1-5 gram statim followed by 3 grame
daily in divided doses at 3- or 6-hourly intervals, administered
until the patient’s temperature has been normal for 24 hours.
Intravenous therapy with 0-3 gram of either drug at
12-hourly intervals may be given if necesgsary.

Wihile a short course of any of these drugs is usually
adequate, relapse may oceur and is thought to be related to
insufficient antibody produection at the particular stage of
the disease. Relapse is prevented if treatment is continued
for 5 days after the patient’s temperature has returned to
normal (50).

) Fever oceurs in Queensland and in South Australia, and
laboratory infections have been reported in Victoria. The treatiment
recommended is the same as for typhus fever. but the response to
antibiotics appears to be less clear-cut.

The treatment of other rickettsial diseases is reviewed hy
Yalentine and Shooter (55).

VIRUS DISEASES
Antibiotics do not specifically influence virug infections (trachoma
being a notable exception). and their use is confined to the prevention
of complications.

Measles. In severe cases of measles it is eommon practice on
the second day of the rash to give sulphamezathine in a dosage of
from 1 to 3 grams daily for 5 days : orif a child is vomiting, fortitied
procaine penicillin containing 300,000 units of procaine penicillin
administered in one injection and repeated daily for 3 days.

Chicken Poxr, Mumps and Rubella. Patients receive symptomatic
treatment and do not need antibiotic therapy.

In poliomyelitis, if respiratory paralysis occurs, pulmonary
infection readily ensues and tetracycline is the antibiotic of choice.

In ** virus pnewmonia '’ and psittacosis early reports of the specific
value of the broad spectrum antibiotics have not been substantiated.

Trachoma. Good clinical results have been obtained in this
diseage by treatment with sulphonamides, penicillin, aureomyecin.
terramycin and chloramphenicol.

The apparent anomaly of a virus being susceptible to this array
of drugs is probably related to the fact that the organism ditfers
from typical viruses in other respects.

The treatment advised is that used by Mann (42), which was
modified from the World Health Organization’s recommendation :

(1) Sulphatriad or sulphadiazine by mouth, for an adult 4 grams

statim, 1-5 grams 3 times a day, up to 30 grams.

(2) Aureomyein or terramycin ointment (in a concentration of

at least 1%,) applied under the upper lid every 4 hours for
6 weeks.

Additional measures (surgery, etc.) may be needed for the

cicatrivial sequelae of trachoma.

FUNGOUS DISEASES
ACTINOMYCOSIN

Penicillin is the drug of choice in actinomycosis, but owing to
the tibrotic nature of the lesions and to the presence of colonies of
the organisms in the *¢ sulphur granules ”, large doses administered
over & long period are necessary.

The minimum dosage recommended is 500,000 units of erystalline
penicillin intramusecularly at 6-hourly intervals for a period of 4 weeks.
and for longer if indicated. Potassium iodide may be given con-
currently. If the clinical response is not satisfactory streptompyein
in a dosage of 0-5 gram 6-hourly should be combined with penicillin (1).

Patients who are allergic to penicillin may be treated with
aureomyecein in a dosage of 2 grams daily for a minimum period of
3 weeks.

[t is desgirable to cultivate the organism and to carry out
sensitivity tests if possible.

NOCARDIOSIS
Treatment is the same as that prescribed for actinomycosia.

TORULOSIS
Actidione ig active in vitro against Torula histolytica but benetit
has been elaimed in only a small proportion of cases of torulosis
(page 30). There is no other specific antibiotic.

MONILIASES
Various antibiotics, fungicidin, candicidin, candidin, ascosin
and trichomycin are active in ritro against Mownilia albicans, but
their clinical value in relation to their toxicity remains to be
determined.

CHAPTER XVII
TOPICAL CHEMOTHERAPY

Topical applicatious with ointments, creams or golutions have
gsome place in chemotheérapy. They are of particular value

(a) in situations where the blood supply is poor,

(b) in situations where diffusion from the surrounding tissues
of drugs administered systemically may be inadequate,
as in the eye (22),

(e) in cases where the infecting organism is resistant to drug
concentrations obtained by systemic administration, but
sensitive to higher coneentrations, and the lesion is wholly
accessible to local applications,

(d) in infections confined to the skin and not amenable to
treatment with antiseptics.

Sensitization of the patient may occur following the application
of any antibiotic to the skin and is not uncommon with sulphonamides,
penicillin and streptomycin, particularly in the type of patient who is
prone to affections of the sgkin.



When infections are confined to the skin and sensitive organisins
such as staphylococci or coliform bacilli are present. the application
of a bland antiseptic such as vioform or monacrin is often snfficient,
and sensitization to antibioties is thus avoided.

Creams containing one or other of the antibiotics and sometimes
combinations of them in high concentrations are available com-
mercially and are frequently used- empirically.  Failure may be
expected if the lesion is not the result of bacterial infection or if the
organisms happen to be resistant to the drug chosen. Penicillin,
bacitracin and tyrothricin are active only against coccal infections ;
polymyxin only against Pseudomonas pyocyanea and occasional
strains of coliform bacilli. An infection zuch as otitis externa caused
by Pseudomonas pyocyanea may even be stimulated by treatment
with penicillin. The broad spectrum antibiotics have a wide range
of activity against both cocci and bacilli but strains vary in sensitivity,
and such organisms as Proteus vulgaris and Pseudomonas pyocyanea
are usually resistant. Neomycin appears to be of particular value
owing to its bactericidal properties, its wide range of aetivity and the
fact that it can rarely be used systemically. The use of strepto-
myecin alone is not as a rule advocated owing to the rapid emergence
of resistant strains.

If it is desired to use solutions rather than creams, these may be
prepared in the following concentrations :

Penicillin : 5,000 units per millilitre in 0-5°, sodium ecitrate
solution.

Streptomyein @ 29 in 0-5 ¢, sodium citrate solntion.
Sulphamar : 59 (available commereially).

Chloramphenicol : 10°, in propylene glycol is available com-
mercially. It may be prepared from capsules of the drug,
but these contain lactose powder which does not dissolve (16).

The application of solutions of the tetracycline drugs to the skin
is not advised because of their irritant properties.

The use of lozenges prepared from antibioties for the treatment
of infections of the mouth and throat is not advised. It is not a
reliable method of therapy, and sensitization readily occurs.

In the treatment of conjunctivitis, however, the value of topical
applicationg of sulphacetamide and of various antibiotics, usually
in the form of ointments, is established. Instillation into the nasal
sinuses of solutions of penicillin either alone or in combination with
streptomyein is also an accepted method of therapy.

It is recommended that whenever possible cultures and sensitivity
tests should be carried out before commencing topical therapy.
Unsatisfactory empirical treatment often merely suppresses the
infeetion and masks the bacteriology.

(Clinieal response should be apparent within a few days, and
treatment should not generally be continued for longer than one
week. Prolonged topical treatment may lead to sensitization of the
patient and to the emergence of resistant strains.

If an infection is not wholly superficial, systemic therapy may be
required.

CHAPTER XVIII

THE ROLE OF ADRENOCORTICAL HORMONES IN
INFECTIONS

By BryAN HuDSON

It has been known for many years that the secretions of the
adrenal cortex play some part in the reaction of the host to those
diseases caused by bacteria. Thus, an infection in a person with
Addison’s diseag¢ or in an experimental animal which has been
wubjected to adrenalectomy is associated with a high mortality.
Similarly, in patients with Cushing’s syndrome a conumon cause of
death is intercenrrent infection.

Sinee the introduection of cortisone and related steroids inte
clinieal medicine, there has been additional clinical observation and
experimmental work on the relationship of these hormones to infectious
processes. Most experimental infections in animals are aggravated
by cortisone and corticotrophin (A.C.T.H.), as are many infections
in man. Morcover, during treatment of patients with these hormones
Spontancous infections may arise with organisms that are of low
virnlence or even saprophytie, and latent infections such ag tuber-
culosis may be rendered active.

The fact that cortisone and AN.C/T.H. are non-gpecitic anti-
pyretier and produce an appearance and feeling of well-being in
Spite of advancing infection may have serious congequences, because
a need for a change in the management of the dispage may pags
unrecognized.

There are probably several reasons for the action of adrenal
steroids in depressing resistance :

(«) Cortisone may occeasionally suppress the formation of anti-
bodies, although in elinical doses (75 to 300 milligrams per
day) this ix nnusual.

(k) There is a snppression of the intlammatory response to a
wide variety of noxious agents including trauma, burns,
chemieal irritants and others. This suppression probably
involves both the vascular and the cellular componentys of’
the inflammatory response and the tissnes which participate
in reparative processes (33).

() These hormones probably also inhibit the capacity of the
reticulo-endothelial  system  to inactivate or to remove
bacterial toxins from tissues.

It i8 possible that the exhibition of adrenal hormones may
facilitate the treatment of deep-seated infective lesions as in tuber-
culosis (page 59). by making them more accessible to antibioties..
However, this concept requires further experimental proof and its
practice may be fraught with danger.

Recommendations may be sununarized as follows :

(1) If a serious infection develops in a patient receiving cortisone:
for the treatment of. for example, rheumatoid arthritis.
hormone therapy zhould be reviewed.




(2) If the uge of cortigone or A.C.T.H. is indicated in any clinival
condition, the possibility of a concurrent, latent or subse-
quent infection mugt be kept in mind and the administration
of antibioticg congidered.

(3) In any infection. if cortisone or ACT.H. is given. the
efficiency of antibiotics is reduced. so that a dosage Larger than
usuwal may be required.

The subject of adrenocortical hormones in infection and inmumit v

has been reviewed in detail by Kass and Finland (35).

CHAPTER XIX

PROPHYLAXIS
IMEUMATIC FEVER
Nulphonamides : . _

The value of small doses of sulphonamides is est,nhlmlln-«l in the
prophylaxis of rheumatic fever in children who have sulfered from
the disease (26).

In 1953, the American Heart .\_ssuuiatipu. (3) .l'ccun.unelukrd
for the prophylaxis of rheumatic fever the administ ':ltlm_l.()t sull)h.i-_
diazine in a dosage of from 0-5 gram for children under a‘uxty poun.fs.
in weight to 1-0 gram for larger children and adults. T h.v drug “‘1..:-;
to be taken each morning throughout t.vlw year and cgntmucd mm'
the age of cighteen, or in older persons for five vears after the attack
of rheumatic fever.

Toxic reactions are infrequent and usually minor. Any rash or
sore throat should be regarded as a pussi})le toxic effect, }%S])(!(:l&lll:\:
during the tirst eight weeks of proph,\.'luxls. L('ll(‘r()p(‘ll.m is a more
serious reaction and administration of the drug should be stoppo(l‘
if the leucocyte count falls below 1,000 and the pul):m(n'pl|01.1u(.-,l(-l:11
cells below 2,000.  Weekly leucoeyte counts are :I(l\:lS(*(] during t u
tirst 2 months and subsequently at 2 or 3 monthly intervals. Tt is
desirable to test the urine microscopically on occasion to make su‘rv
that the drug is being taken. Sulphamezathine has been used pro-
phylactically with apparent success. '

It should be noted that although sulp.hmumn.clvs are nsually
satisfactory in prophylaxis, peni'(.‘.illin is preferred for tlm‘tr.("ati?)luj;\:l‘
of streptococeal infeetions in patients who have had rhemnatic fever
(page 41).

Penicillin .

Penicillin _ administered orally represents b alternative 't(!
sulphonamides for the prophylaxis of 1.'Iwu|n:|m- fever, ::l‘though'l(tb
value iz less well-established and it is more costly. ‘llw (los.ll_v‘
recommended is 250,000 units twice daily. taken one-half to one hour
hefore a meal and at bedtime.

Injections of DBED penieillin (page 16) at weekly or l‘(‘mger
intervals have been given prophylacticaly atid the oral adiinistration
of this form of penicillin iz also nnder trind.

o

Sensitization to any form of penicillin can oceur, aud oral
medieation sometimes induces persistent diarrhea and pruritus ani,
particularly in adults.

THE EXTRACTION OF ToONSILS AND TEETH

In patients with rheumatic or congenital discase of the heart,
prophylaxiz with penicillin during the extraction of tonsils or teeth is
essential.  The important period is the time of extraction when
bacterieemia is likely to occur. Suggested prophylaxis is one dose of
fortified procaine penicillin containing at least 200,000 units of
crystalline penicillin and 500,000 units of procaine penicillin adminis-
tered a quarter of an hour before operation.  Additional daily
injections may be given if desired. 1t is doubtful whether it is wise
to give penicillin for an appreciable time before dental extraction
because the bacterial tlora of the mouth rapidly becomes penicillin-
resistant, at least as a result of selection. and a more formidable
endocarditi may  develop. :

Cellulitis of the face or osteomyelitis of the jaw may be azsociated
with an infected tooth. The causative organism is likely to be
Streptococeus pyogenes or Staphylococens aureus, and while the former
is always sensitive to penicillin provided that adequate dosage is
given, infeetiong with Staphylococeus awreus may require the use of
other drugs (page 63). The acute infection should be treated before
extraction of the tooth, which ean subsequently be removed under
cover of chemotherapy.

The use of prophylaxis before extraction in less serious infections
is a matter for clinieal judgment, hut should not usually be necessary.

CLEAN SURGICAT, OPERATIONS

Antibiotics should not be used prophylactically in clean surgical
operations. If operative technique does not rveach the necessary
standard of asepsis, it is better that this should be recognized and
remedied.  When technique is satisfactory, few wounds become
infected, and if infection oceurs it is likely to be amenable to chemo-
therapy. But if infection arises in patients receiving prophylaxis,
the organisms are likely to be resistant to the drugs used.

If in special cases prophylaxis is deemed desirvable, it is important
to use drugs which will prevent infection with either Gram-positive
or Gram-negative organisms. The use of erystalline penieillin,
100,000 units. streptomyein, 0-5 gram, and sulphamezathine, 2-0
trams, all of which may be given by injection if desired, is recom-
mended.  Administration should ¢ommenece just prior to operation
and should be repeated at 6-hourly intervals for 24 hours. These
three drugs will not prevent occasional ** hospital infection ”” with
registant strains of staphylocoeei. Tn our experience, however, the
tetracyceline drugs may produee vomiting and diarrhea in the period
immediately following operation. Moreover, drugs administered
orally in the period prior to operation or to anesthegia are frequently
retained in the stomach and henee are not absorbed for some time.

NURGICAL OPERATIONS IN INFECTED AREAS
Surgical interference with any infected arvea. for exanple in

osteomyelitis or infected wounds or the urinary tract, may produce
bacteriemia with subsequent infection in tissnes remote from the site
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of operation. Henee, prophylaxis is often desirable during the period
of operation and is essential in patients with rheumatic or congenitally
diseased hearts and in diabetics.

In clective operations, cultures and sensitivity tests should be
carried out and appropriate antibioties given after due consideration
of the problems mentioned above.

The application of sulphonamide powder to the peritoneal eavity
is not necessary and iz not advised because cyanosis, probably
assoeiated with methamoglobinemia, may develop within a few
hours of operation. This e¢ondition is reversible in time without
treatment, but is likely to eause concern to the clinician. The
presence of powders in the peritoneal cavity may induce the formation
of adhesions.

If circumstances requiring chemotherapy arise during operation,
systemic treatment is more reliable than topieal application.

LACERATED WOUNDS AND BURNS

When a lacerated wound requires prophylaxis before operation
systemic administration is more satisfactory than loeal applications
because it allows penetration to all parts of the wound. If a blood
clot forms after operation it should then contain the drugs which are
more cffectively distributed than they would have been following a
surface application of, for example, penicillin and sulphanilamide
powder.

If the use of adjuvant topical application is insisted on in
particnlar instances, consideration should be given to drugs such as
sulphamar or neomyecin, which are not generally used systemieally,
so that if sensitization develops or resistant organisms appear,
subsequent systemice therapy is not jeopardized.

Systemice prophylaxis recommended is the use of erystalline
penicillin administered by injection a quarter of an hour before
operation to ensure a high concentration in the blood. It is best
combined with procaine penicillin.  Injections may be repeated
daily for a few dayr. Alternatively a mixture of erystalline procaine
and DBED penicillin may be administered in one injection, but
DBED penicillin should net be used alone. One injection of sulpha-
mezathine may be given coneurrently with the penicillin, followed
by administration by mouth for a few days.

Although in the management of burns the treatment of shock
and the replacement of fluids are of paramount importance, intra-
muscular injections of tetracycline or terramycin are suggested for
prophylaxis and should be given as soon as practicable. If suitable
preparations of these drugs are not available, daily injections of from
500,000 to 900,000 units of procaine penicillin gshould be adequate
to prevent invasion by the hemolytic streptococcens, which is the
most serious infection to be feared.

The sulphonamides should not be used unless a daily urinary

output of at least one litre is ensured, and care should be taken to
choose a soluble drug such as sulphamezathine. The oral adminis-
tration of the tetracyeline drugs is not recommended in prophylaxis
because they may cause serious loss of fluid and electrolytes if they
induee diarrhoa.  However, they wonld be used if necessary. for

the treatment of a seriously infeeted burn.  Burns treated by the
exposure method are certain to become contaminated with patho-
wenic organisms.  Infection does not necessarily develop, although
it should be watched for. Cultures should be made at intervals
for information.

The use of antibiotic creams solutiong in prophylaxis is not

advised.

‘OPERATIONS. ON THE BOWEL

The risk of peritonitis following operations on the large intestine
is thought to be appreciably reduced by pre-operative treatment
with sulphonamides or antibiotics. This diminishes the number of
bacteria in the bowel, but it should be realized that it does not
sterilize the bowel contents. ’

The drug recommended iz phthalyl sulphathiazole, administered
orally for one week before operation in a dosage of from 4 to 8 grams
daily in 6-hourly doses. [If desired, a retention encema congisting of
100 millilitres of a solution containing 4 grams of phthalyl sulpha-
thiazole, 1 gram of streptomyecin and 200,000 units of penicillin in
1 pint of saline, may also be administered daily for the three days
preceding operation (43).

Succinyl sulphathiazole or streptaomyein given by mouth may
be used, but they ave less active against the bowel flora than phthalyl
sulphathiazole.

Neomyein has a powerful bactericidal action against a variety
of baeteria. and its administration by mouth ig favoured by some
SUTECONS.

The tetracyceline drugs may all be used preoperatively, but they
are not advocated becanse if infection arises despite their use, whether
it be peritonitis or staphylococcal enteritis. the organisms concerned
are likely to be drug-resistant and difticult to control. The occasional
development of infection with organisms resistant to phthalyl sulpha-
thiazole i8 less serions because they arve usually still sensitive to the
tetracyeline drugs.

APPENDIX

THE VALUE OF SOME LABORATORY TESTS IN
THE DIAGNOSIS OF INFECTIONS

In any study of chemotherapy, the paramount importance of
accurate bacteriological diagnosis soon becomes evident.

In some infections the clinical findings are so distinetive that
there is little if any room for doubt. In others laboratory tests are
needed either to provide clues or to determine the diagnosis.

It must be reiterated that early diagnosis and early treatment
with the appropriate drugs yields the best results.  Of first importance
ix to diagnose or exclude acute infections which endanger life.



MENINGITIS
The Examination of Cerebro-spinal Fluid

AdultS with meningitis usually pregent with elinical signs, but
this 1s often not the case in young children. In children who appear
to b® deriously ill without obvious cause, lnmbar puncture ¢hould
alwa¥s be conSidered.

A Slightly tnrbid cerebro-spinal tluid iz not itself evidenee of
meningiti¥, but may indicate the presence of blood in the fluid or of
debris in the teSt tube. It i8 imperative that a proper cell count of
the number and type of cells per cubie millimetre be made immediately.
The ¢ell count may be dispensed with only if the fluid iy frankly
purulent, in which case smears should be made and stained by Gram’'y
method. Organisms can often be recognized in such smearg, and the
appropriate “ chemotherapy instituted (page 42). Cultureg should
alway® be made for confirmation and sensitivity tegts. If it ig not
practicable to make a cell count and Gram smear immediately,
empirical therapy should be given (page 45) without delay. However,
it i% still important to identify the organism because the chemo-
therapy may need to be modified. Hence, the specimin of cerebro-
spinal fluid Should be sent forthwith to a laboratorv or chould
aecompany the patient to hospital. In subsequent specimens the
bacteriology may be masked by the chemotherapy. Serological
textS on cerebro-Epinal fluid are available for the diagnosis of meningitis
caned by Hemophilus influenze (36).

In lymphoeytic meningitis in which tuberculosig, torulosiy and
virus meningitis, including early poliomyelitis, mugt be considered.,
it is most important to diagnose or exelude tuberculous meningitis
as rapidly as possible.

It is usual to examine smears of any pellicle or elot in the cercbro-
spinal tluid for tubercle bacilli. but Smith and Vollum (52) recommend
prolonged centrifugation at high speed and examination of thick
smears of the deposit.  If no organisms are found they recommended
that about 2 millilitres of the fluid be incubated at 37° €. for geveral
days and examined in the same way. Cultureg should alzo bu made.
Biochemical teSts on the cerebro-spinal fluid are often helpful,
particularly the finding of a lowered sugar content which usually
octurs in tuberculous and in torular meningitis but never in virus
infeetions.  (ollateral tests such as NX-ray of the chegt chould be
arried out and the examination of sputum, gagtric contents and urine
for tuberele bacilli Should be congidered. A\ total and differential
blood leucocyte count is kometimes useful when there ig doubt ag to
whether the meningitis is lymphoeytic or early pyvogenic. A high
count ndually Suggests a pyogenic infeetion and guitable chemotherapy
should be given. However, counts above 20,000 cells have been
recorded occeasionadlly in tfuberculous meningitis.

SEPTICAMIA
Blood Cultures
In o patient with a persistent temperature, blood eulture should
he made without delay, sin¢e organisms may disappear from the blood

stream.  The early diagnosis of typheid is of great importance since
it can be treated specifically  with  chloramphenicol.  Morgover,

isolation of the organisms from the blood is more reliable diagnostically
than serologieal tests (see below) and can be achieved earlier in the
course of the discase.

In staphylococeal septiceemia, the early isolation of the causative
organism and the determination of its sensitivity reactions may
indicate life-saving measures,

Brucellosis can develop into a prolonged debilitating illness
incurable with antibioties. but if diagnosed early it responds well to
chemotherapy. Blood cultures for Brucella abortus should be
incubated aerobically in an atmosphere of 59, carbou dioxide, c.g.
in a candle-jar.

Blood eculture media should always inelude anaerobic broth
a8 well as aerobie broth, so that infections with anaerobie streptococei
are not missed. These arise not only in puerperal infections but in
infections following trauma to the bowel.  Anaerobic Gram-negative
bacilli (Bacteroides) are often associated with anaerobic streptococei.

The ready isolation of organisms from the blood depends on the
nmnbers present, and repeated attempts at blood enlture may be
desirable without of necessity awaiting the results of carlier ones.
This is particularly important in subacute bacterial endoearditis,
which often exhibitz a bacteriemia rather than a septicemia, so that
few organisms are present.

Blood cultures often show erowth after 24 hours’ iucubation
orless.  If no growth oceurs, the eulture may be reported ** negative
after three days, but should be reincubated for one week or for one
month if the patient has received antibioties. Cultures of Brueellu
ahortus should not be declared negative until they have been incubated
for one month.

PNEUMOXIA AND RELATED CONDITIONS

The Examination of Sputum

In acute pneumonia it is now the practice to treat the patient
empirically with penicillin (page 11) without examining the sputum.
but it is desirable to make this examination if possible.

In patients who fail to respond to adequate doses of penicillin
or in whom there is reagon to suppose that the illness is not pneumo-
coceal in origin (as in pneumonia associated with fibroceystie diseasc
of the panereas in children) it is important to examine the sputum by
Gram-stain and culture. but the findings should be interpreted with
great caution.

Sputum always contains bacteria.  Unless the specimen has been
obtained by bronchoscopic aspiration, it is always econtaminated
with mouth organisms, chietly Streptococcus viridans, sundry Gram-
negative cocei and diphtheroid bacilli : harmless commensals which
have not been incriminated as a cause of pneumonia. Sometimes
other organisms such as Staphylococcus awreus, coliform bacilli or
Pseudomonas pyocyanea, which are potential pathogens, are also
found. TIf the apecimen ix not perfectly fresh multiplication of
organisms is likely to occur, so that the observer may be falsely
impressed with the presence of large numbers.  Moreover. the species
of organisms present may simply refleet previous treatment
antibiotic in that organisms sensitive to that drug have disappeared




and have been replaced by resistant but still probably harinless
species. The bacteriologist is obliged to report the presence of
potentially pathogenic bacteria and their sensitivity reactions because
they may have some clinical significance, but this is rarely the case.

However, in a patient acutely ill with bronchopneunionia, the
detection of large numbers of bacteria such as staphylococei in
smears of fresh sputum should be used as a guide to empirical therapy
and cultures and sensitivity tests should be carried out so that
treatment can be confirmed or changed.

The possibility of acute tuberculous bronchopneumonia should
be kept in mind.

In subacute and chronic infections of the lungs, the examination
of sputum for pyogenie organisms scems rarely to be of value but
may be carried out if due regard is paid to the interpretation of the
results as already indicated.

In any infective lesion, whether pyogenic, tuberculous or fungal,
the demonstration of the causative organism in sputum ecan hardly
be expected unless rupture of the lesion into & bronchus has oceurred.
Hence it may be desirable to make repeated bacteriological examina-
tions, and it is probably better to extend these over a period than to
abandon them after specimens have been examined on three con-
secutive days. These remarks apply particularly to the diagnosis of
tuberculosis. It should be remembered in this regard that cultural
methods and the inoculation of guinea-pigs are more sensitive instru-
ments of detection than are smears alone.

The most important fungal disease of the lungs occurring in
Australia is torulosis. Torule may be recognized by direct examination
of sputum either with India ink if the specimen is not too viscous. or
in smears stained- with methylene blue. Torule found in the tissues
{or sputum) are quite different in appearance fron: Monilia albicans.
and there should be no difficulty in distinguishing them. Cultures
for torule may be made on Sabouraud’s medium, which inhibits
sundry bacteria.

Monilia albicans is frequently demonstrable in sputum both
by means of smears and of cultures on Sabouraud’s medium, but it is
usually a secondary invader. True moniliasis of the lungs is an
extremely rare condition, and such a diagnosis should be made with
caution.

Histoplasmosis has been reported from Queensland. No other
systemie fungal diseases have yet been found in Australia.

INFECTIONS OF THE THROAT. Erc.

The Examination of Swabs

The use of serum-treated swabg (swabs dipped in normal ox
gerum before autoclaving) (49) is recommended because diphtheria
bacilli and hamolytie streptococei remain viable an them for longer
periods than on plain swabs. Nevertheless, delay in transit should
be avoided.

(1) Diphtheria

The examination of direct smears is unreliable for diagnosis,
and the regnltg of eultnres are not usually available within less than

12 hours. Hgnee it diphtheria is suspected clinically the patient
zhould be sent to hospital, or after taking a throat swab should be
treated with antitoxin and penicillin without waiting for bacterio-
logical confirmation. The anginose form of glandular fever may be:
confused clinically with diphtheria, but if there is an¥ doubt it is.
safer to treat the patient for diphtheria.

If the patient is not very ill it may be wise to exclude the diagnosis
of diphtheria by taking a throat swab and then treating the patient
with penicillin alone until the laboratory report i¥ available.

It mugt be realized that if diphtheria is not considered until after
the patient has had peniecillin and a throat swab i8 then taken, the
diphtheria bacilli will not be found. A negative report will be
returned which may be false, and fatalities have occurred through a
resulting failure to give antitoxin.

(2) Streptococcal Tonsillitis

The presence of numerous colonies of hamolytic Streptococeci
may be reported within 18 hours of receiving the Swab, and when
associated with elinical tonsillitis is presumptive evidence for the
diagnosis. Tt requirts, however, from 36 to 48 hour?® before the
organismis can be declared Group A (Streptococcus pyogenes).
Oceasionally Groups (! or G may be implicated in tonsillitis.

The presence of only a few hamolytit¢ streptococei is probably not
diagnostic in acute conditions, although it i8 significant in the
detection of carriers.

In patients who have received chemotherapy, throat swabs
commonly yield negative results which may be misleading.

(3) Glandular Fever

Glandular fever (page 53) should be considered particularly in
patients who fail to respond rapidly to chemotherapy.

(4) Vinecent's Angina

This condition is diagnosed by the examination of direct smears
stained with carbol fuchsin. Smears should be made at the bedside
and sent to the laboratory. as swabs are prone to dry in transit.
Cultures are unsatisfactory.

(5) Ulcers of the Mouth

The bacteriology of ulcers of the mouth has already be¢n discussed
(page 47). Smears shonld be made and sent for examination.

(6) Whooping Cough

Special fine nagopharyngeal swabs made of wire and cotton wool
treated with serum are better than cough plates. The Swab can be
passed along the floor of the nose until it touches the posterior wall
of the nasopharynx. It is best to inoculate the medium, a Bordet-
Gengou plate containing penicillin, at the bedside. Demonstration
of Hemophilus pertussis is often possible up to the fourth week of
illness, even if the child has received chemotherapy (20).
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INFECTIONS OF THE URINARY TRACT
The Examination of Urine

When infection of the urinary tract is suspected, micro examina-
tion of a fresh specimen of urine is made. It is desirable to examine,
if possible, an early morning specimen, which is likely to be more
concentrated than later ones. A volume of from 5 to 10 millilitres
may be centrifuged for 5 minutes and a wet preparation of the deposit
examined miecroscopically.

The presence of polymorphs to the extent of four or more per
high power field may indicate infection (except in non-catheter
specimens from adult females) and cultures should be made.

Requirements for culture are clean midstream specimens from
males, catheter specimens from females, and non-catheter specimens
from children.

Pyogenic bacteria most commonly found in infections of the
urinary tract are Gram-negative bacilli such as coliform bacilli,
Proteus vulgaris and Pseudomonas pyocyanea ; Streptococcus fecalis and
other streptococci, and staphylococci ineluding Staphylococcus albus
associated with stone. Infection with more tlain one species is not
uncommon, espeecially in eystitis.

The importance of sensitivity tests has already been stressed.

Failure of chemotherapy with a drug to which the infecting
organism is sensitive may reflect the presence of obstruction. The
posgibility of an underlying tuberculous infection should also be
considered.

It is not sufficiently realized that specimens of urine, whether
mid-stream or catheter, are very frequently contaminated with the
types of organisms which cause infection. and that multiplication of
organisms occurs in stale specimens. Hence, reports on urine cultures
should be treated with reserve and assessed with regard to the presence
of pus and to the patient’s clinical condition. Repeated cultures
on specimens collected with extra care are sometimes helpful.

INFECTIONS OF THE BOWEL

The Examination of Faces

Fresh specimens of feces are required for the cultivation of
Salmonelle and Shigella species. If speciinens are more than two
hours old the percentage of successful isolations iz greatly reduced,
but if delay is inevitable the investigation should be done. The
collection of specimens in a solution of 309, glycerine in phosphate
buffer promotes the viability of the organisms.

Rectal swabs may be used, but Salmonella and Shigella species
dic rapidly on plain swabs. It is better to use serum-treated swabs
moistened with tap water and kept moist in transit (49).

Certain types of Bacterium coli, called alpha (or D433) and beta,
and certain types of paracolon bacilli have been associated with
infectious diarrhcea. Special serological tests are required for their
identification.

Food poisoning may be caused by the consumption of food
containing the enterotoxins of certain strains of Staphylococcus
aureus or of Clostridium welchii or rarcly of Clostridium botulinum,
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hut these organisms are not found unless gpecially looked for. There
is no specific chemotherapy.

Severe staphylococcal enteritis has been deseribed in patients
receiving preoperative treatment of the bowel with tulphaguanidine,
streptemycin or one of the broad spectrum antibiotics (59). Staphy-
lococei should be looked for in smears and cultures of fresh faces,
and if present in large numbers they may be significant. They may
be expected to be resistant to the drugs used, and treatment with
erythromycin may be necessary. It should be borne in mind,
however, that many persons in apparent health exerete staphylococci
in feces.

Fresh specimeny of faces, preferably containing mucus, are
required for examination for Endameba histolytica. Cysts may be
detected in other specimens. Rectal swabs are not satisfactory.

SEROLOGICAL TESTS IN DIAGNOSIS*

Isolation of the causative organism is usually the most reliable
method of diagnosis. When this cannot be achieved Serologital
tests are often helptul, but they are subject to misinterpretation
and may be misleading. Collaboration between clinician and baecteri-
ologist is therefore desirable.

Antibodies are often present in low fitre and otcasionally in
high titre in normal sera, owing either to previous unrecognized

contact with infection or to vaccination. Hence, no arbitrary

titre can be accepted as diagnostic of aetive infection.

L. Certain serological tests are routine procedures in most
laboratories. These are :

(1) Wassermann (complement fixation) and other tests for

sy philis.

(2) Agglutination tests with bacterial suspensions :

(a) Salmonella typhi and Salmomnella species ¢ndemic in
the area.

(b) Brucella species.

(¢) Certain strains of Proteus used in the diagnosis of
typhus.

(3) Agglutination tests with sheep’s red cells to demonstrate
heterophile antibodies in glandular fever (Paul-Bunnell
test).

Agglutination tests with human Group O red cells to
demonstrate ¢old agglutining in atypical pneumonia (rarely
required).

Antistreptolysin tests for the detection of infections with
heemolytic streptococei.

TI. Other serological tests require special antigens and are at
present carried out only in laboratories engaged in related research
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work. 'These are:
(1) Agglutination tests for leptospire according to the endemic

species, e.g. L. pomona, L. mitis and L. icterohemorrhagice
in Vietoria.

* The reader is rcferred to an excellent recent review by Price (46) on tests
for venereal diszease. atid to another by Spooner (53) on serological tests in general.




(2) Agglutination or complement fixation tests with rickettsial
suspensions for the diagnosis of typhus or ¢ Q ** fevers.

(3) Complement fixation tests or tests demonstrating the
inhibition of hamagglutination in certain virus infections.
e.g. mumps, dengue fever, certain encephalitides, psittacosis.
and lymphogranwloma venerewm, intluenza, poliomyelitis.

I. The tests in Group | may be considered briefly.

(1) Syphilis

The value of Wassermann and other tests in diagnosis is well
known.

The use of penicillin in the treatment of gonorrheea and its
simultaneous effect on spirochaetes, if present, hag made it imperative
that patients duftering from gonorrheea should be followed for several
months with serological tests, in order to be sure that they are not
suftering from syphilis.

Treatment with penicillin for one day is sometimes sufficient to
suppress the appearance of a primary lesion or to prolong the period
before it appears. When a surface lesion is present, treatment for
one day can eause the permanent disappearance of spirocha@tes from
it. However, penicillin doet not appear to aftect the appearance
of the first serological reaction if due allowance is made for the
variability of the time of its appearance in untreated patients.

Florey (22) states that in patients treated for gonorrhoa, if
no other examination suggests syphilis, regular =serological tests
beétween 4 weeks and 4 months after exposure to infection should
reveal its presence.

(2a) Enteric Fever

It is usually stated (53) that in a pyrexial patient with no history
of inoculation or of previowus enteric infeetion, a titre of 1 in 50 for
H agglutining and of 1 in 100 for O agglutinins observed during the
first 10 days of illness mmay be regarded as strong presumptive evidence
of enteric infection. In such a patient treatment would not be
withheld but confirmation would be sought tirst by initiating cultures
from blood, urine and feces and the agglutination test would be
repeated after a few days to look for a rising titre.

Titres lower than those cited may at times be significant when
found in the first 10 days of illness, and the institution of chemo-
therapy depends on due consideration of the clinical and laboratory
findings. A rise in ageglutinin titre may be expécted in a true infeetion
and contirmation by eultural methods may be obtained. A low titre
found in the third week of illness with no subsequent rise is not
evidence of infection.

In investigating pyrexia of unknown origin it is suggested that a
sample of blood for agglutination tests be collected at the same time
as the first blood culture. The titre of the serum can then serve as a
base-line for the detection of a subsequent significant (at least fourfold)
rive.

In inoculated persons or in those with a previous history of
enterie fever, diagnosis by serology may be difficult. H agglutining
are nearly always found. occasionally in high titre. O agglutinins
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are less persistent, and a titre of 1 in 100 is usually regarded as
@uspicious, particularly if a rise in titre can be demonstrated. However,
in certain patients a rise in titre (particularly of H agglutinins) can
occur during the course of a non-enteric pyrexial illness. Persistent
efforts should be made to culture the organism responsible for the
infection and the clinical condition should be earefully evaluated.

(2b) Brucellosis

Healthy persons may develop agglutinins to Brucella, particularly
if they are repeatedly exposed to infection. Thus in Victoria 10-49,
of abattoir workers were shown by the direct agglutination method
to have agglutinins varying in titre between 1 in 40 and 1 in 2560 (19).
When the nmiodified Coombs’ method of agglutination (60) was used,
agglutinins were demonstrated in 47-89%. In a control series drawn
from sera submitted for Wassermann test no agglutinins at 1 in 40
or higher dilutions were detected by the direct method., but 4-5%;
showed agglutining by the anti-globulin technique.

These observations, together with the fact that brucellosis is
often a vague chroni¢ illnesg, emphasize the difficulty of establishing
a diagnosig. A rising titre is likely to be significant and a very high
titre such as 1 in 20,000 (direct method) cannot be ignored. The
¢linical significance of antibodies detected by the antiglobulin
teechnique is unknown. HEach case must be considered on its merits
in both clinical and baecteriological aspects.

(2¢) Typhus Fever

In typhus fever the strains of Proteus used in diagnostic agglutina-
tion tests are Protews OX19 (murine typhus), Proteus OXK (serub
typhus) and Protens OX2 (North Queensland tick typhus): see
page 67.

A rising agglutinin titre may be signiticant, but single titres are
of doubtful value and the test should be interpreted strictly in relation
to the clinical findings.

(3) Glandular Fever (Infectious Mononucleosis).

The diagnosis of glandular fever may be aided by (a) the examina-
tion of blood films, and (b) the Paul-Bunnell test. The characteristic
blood picture may be found early in the illness, but the time of its
appearance is variable and it is often transient, 8o that it may be
missed.

In the mild type of infectious mononucleosis the Paul-Bunneil
test may be positive by the end of the tirst week, but in the more
severe types of the disease the development of agglutinins may be
related to the end of the disease rather than to the beginning, or at
times may not occur. A positive Paul-Bunnell test may be accepted
as diagnostic, but a negative reaction is of little value.

A titre of 1 in 128 in the direct test is suggestive and a titre of
1 in 256 is usually accepted as positive. A rising titre may be demon-
strated. The test is more reliable if abzorption tests are carried out
with ox red cells and with an emulsion of guinea-pig kidney. In




infectious mononucleosis, the heterophile antibodies are absorbed
by ox red cells, but not by guinea-pig kidney. Using the absorption
technique, a titre of 1 in 28 may be significant (40).

There is no evidence that chemotherapy is of any value.

(4) Atypical Pneumonia

Atypical pneumonia is thought to be of virus origin, and the
demonstration of ‘“ cold agglutinins ”” with a rising titre is ¢onsidered
to be of diagnostic significance, although there is no satisfactory
explanation for their development.

(5) Heemolytic Streptococcal Infections

Streptolysin O is & heemolysin elaborated by most strains of the
hamolytic streptococcus Group A, and by some strains of Group €
and Group G. It reacts in vitro with anti-streptolysin O, an antibody
found in the sera of patients infected with such streptococei.

In recording the anti-streptolysin titre the figure is an invergion
of the dilution of patient’s sernm. It ig usual to read a figure under
100 as negative, between 100 and 200 as doubtful and above 200 as
evidence of a * fairly recent *” infection. As in other serological tests,
a rising titre is more significant than a single reading and is good
evidence of recent infection. A stationary moderately high titre
over a period of several weeks may merely reflect a previous infection
months before. It may be quite unrelated to a patient’s current
illness and may be serionsly misleading if other investigations are
overlooked.

II. In patientd with pyrexia of unknown origin the tests in
Group II would not be considered until other invegtigations had been
carried out, except in areas where the infections were endemic. In
all these tests it is particularly important to discuss with the bacterio-
logist concerned the significance of his serologieal findings.

PUERPERAL AND ABORTIONAL INFECTIONS
The Examination of Smears and Swabs
By H. M. BuTLER

Puerperal Infections
Specimens required are :
(1) Two vaginal smears made at the bedside.
(2) One or two vaginal swabs for culture. If practicable, cultures
should be made at the bedside. Alternatively swabs (pre-
ferably serum-treated) should be despatched to a laboratory

without delay. All vaginal swabs should be taken at the
sgame time and from the same area.

(3) A catheter specimen of urine for miero and, if necessary,
cultural examination, to exclude pyeclitis.

(4) A blood culture if indicated, ¢.g. in a patient gravely ill or
with a sustained high temperature.

Vaginal enltures alone are of little value except in infections with
Ntaphylococeus aureus and Streptococeus pyogenes, but these together
account for less than 109, of today’s infections, the great majority ot
which are due to mixtures of the non-sporing anaerobes, usually
anacrobic cotcei and anaerobic Gram-negative bacilli (Baeteroides).
In many of the latter cases, and in most cases of infection due to
either coliform bacilli or Streptococeus fwealis (Group 1) streptococcus).,
several types of bacteria are prezent in cultures made from the genital
tract. In such cases direct gmears are essential to determine which
bacterial type or combination of types is responsible for the iufection.
Direct smears also indicate the presence or absence of genital traet
infection.

Vaginal Smears

In experienced hands the examination of direct smears yvields
rapid and accurate information regarding the nature and probable
severity of the infection (11). ach particnlar type of infeetion has a
characteristic direct smear pattern based on fhe number and mor-
phology of the bacteria present and the number and ¢ondition of the
leugocytes.  Henee it is desirable to send specimens to baeteriologists
known to be experienced in these types of infection. However, a
bacteriologigt with a general training may often give effective aid to
the clinician provided that he is aware of the tollowing points :

(@) A good binocular microscope with adequate illumination
is essential.

(h) In the uninfected patient, whose labour and delivery have
been normal, ouly a few pus c¢ells are present in direct smears
during the first three days of the puerperium, and at no
stage of the lying-in period will there be many ;  bacteria,
if present, are nsnally Doderlein’s and diphtheroid baeilli.

(e) An appreciable number of pns cells, ekpecially early in the
puerperium, indicates a genital tract infection, unless
congiderable trauma has occurred during delivery.

(d) In general, there are more pus cells, more baeteria and more
intense phagocytosis to be scen in direct smears in anaerobit
infections than in those caused by aerobie bacteria. Algo,
in anaerobic¢ infections there are usually two or more distinet
bacterial types in the direet smear, while in aerobic infections
it is more common to see only one type.

() Many strains of anaerobi¢ cocei are smaller and more pleo-
morphic¢ than either the aerobic streptococei or staphylococei.
Bacteroides are smaller than coliform  bacilli.  Approxi-
mately 70% of Streptococcus pyogenes strains show capsules
in direct smears stained with 0-59, Leishman stain in methyl
alcohol (10).

Vaginal Cultures

[t iz essential to make anaerobic as well as aerobic cultures.
Cultures are necessary both to confirm the direct smear findings and
to enable sensitivity tests to be carried out if indicated. With the
slow-growing anaerobes sensitivity tests may be delayed, but this is
not a serious problem provided that an accurate buacteriological
diagnosis has been made, as it may aafely be assumed that all strains



of anaerobic cocel are reasonably semnsitive to penicillin and the
majority of strains of Baeteroides to snlphonamides. Failure of
«clinical response to peniecillin and sulphonamides is most likely to be
due either to failure to correct au associated anzmia with adequate
blood transfusion, or to the development during treatment of a
secondary infection cauged by Streptococeus faeealis or a sulphonaimide-
resistant coliform bacillus. In such cases and in the rare instance in
which a Bacteroides infection persists after the anaerobic cocei have
been controlled, one of the tetracycline drugs should be used.

It is in infections with Staphylococcus awreus and coliform baeilli,
and sometimes in infections with Streptococcus feecalis, that sensitivity
tests are most needed. Htraing of Streptococcus pyogenes can still be
regarded as invariably sensitive to penicillin.

Blood Cultures

It is necessary to make anaerobic as well as aerobic cultures,
and it is desirable, if some strains of anaerobic streptococci are not
to be missed. that the anaerobie medium e¢ontain free trypsin.

Abortional Infrctions

The bacteriology of abortional infections resembles that of
puerperal infections with one important exception. This ig the
prevalence of Clostridium welehii infections whieh are the cominonest
cause of death in abortional infections in certain cornmunities such as
Melbourne.

Cervical smears are more reliable than vaginal smears, and should
be made at the bedside. When the Gram stain reveals the presence
of organisms resembling Clostridium welchii a second smear should be
stained by Muir’s method to demonstrate capsulation and the state
of the leucocytes. Heavily capsulated bacilli are more invasive than
slightly capsulated organisms, and strains which cause rapid destruc-
tion of the leucocytes are highly toxigenic. The strains which cause
rapidly fatal infeetions almost invariably display both attributes (9).

Aerobic and anaerobic cultures should be made from a cervieal
swab taken at the same time as that from which the direct smears
were made. Sensitivity tests are unnecessary as penicillin i8
undonbtedly the antibiotic of choice.

SUNDRY PYOGENIC INFECTIONS
The Examination of Pus

Any collection of pus or similar fluid is investigated by the
examination of direct smears (to indicate the types and relative
numbers of organisms present), and of cultures. However, the
examination of direct wet preparations is essential for the proper
estimation of the cell-content of fluids such as pleural effusions.

It is important to obtain good specimens collected preferably in
sterile test-tubes, or if only small quantities are available, on serum-
treated swab stieks. If the results of bacteriological investigation
appear unsatisfactory, a second specimen should be obtained.

Smears and cultnres for gonococci (made prior to mieturition)
should be taken directly from the patient because these organisms
do not survive on swab sticks. A medium for the preservation of
gonococei in transit can be prepared.

Smears and cultures from the eye or from any other gituatiow
where the discharge is nsually slight should likewise be made directly
from the patient.

In most investigations it i& desirable to include anaerobic methods
of culture as a routine, especially in wounds, abscesses and peritoneal
effusions.

If no pyogeme bacteria can be demonstrated iu pus from a
patient who has not had c¢hemotherapy or in whom chemotherapy
has failed, the possibility of a tnberculous or fungal infeetion should
be considered.

It should be recognized that any leison which hag a serous
discharge such as a burn or an ulcer of the skin readily becomes
contaminated with pathogenic organiams, particularly in hogpital.
Such contamination does not necessarily constitute infection, and
chemotherapy is often not indicated. FHowever, it may be desirable
to be informed as to the kinds of bacteria present in case infeption
develops.

PYREXIA OF UNKNOWN ORIGIN

Various Laboratory Tests

In attempting to eclucidate pyrexia of nnknown origin, the
nature of the investigations and the order in which they are carried
out depend mainly on the history, the signs and symptoms pregented..
and the severity of the illness. A knowledge of the fevers endemic
in a particular area (as in Qneensland) is essential.

It i8 important first to try to diagnose or exclude serious acute
infections which require immedinte treatment with a specific drug,
such as meningitis (not always clinically evident in children), typhoid
fever or septicemia caused by various bacteria. The examination
of cerebro-spinal tlnid and of blood cultures shonld therefore he
considered.

Blood examination and micro examination of urine should then
have priority. They are easily and rapidly carried out, and often
yield helpful information.

The most common and likely digeases should be songht before the
rare ones, and it should be remembered that repeated tests may be
necessary for the diagnosis of certain infectiong such as tnbereulosis.

Serological tests have been reviewed above. They require
careful interpretation, becanse the tindings may not be related to the
eurrent illness.

If any laboratory result does not appear to tit in with the elinical
picture, it should be dizcussed with the pathologist or bacteriologist
concerned so that its significance can be determined.

It is very important to try to make an accurate diagnosis before
instituting chemotherapy. but it is a matter for clinical judgment
whether chemotherapy can be withheld. In any case, suitable
specimens for investigation should be eollected first because chemo-
therapy often masks the bacteriology and thus delays the diagnosis.

A list of some laboratory methods which may be considered
in the elucidation of pyrexia of unknown origin is appended.
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Examination of the blood should always be carried out. The
wrder of and necessity for the other tests listed should be determined
by a frequent review of the clinical findings. They should never
be mere routine procedures, but the significance of the results should
be carefully assessed as the investigations proceed.

(1) Blood examination. Total and differential leucocyte count.
Also consider malaria, infectious mononucleosis, ete., and
rarely, I..E. cells in systemic lupus erythematosus.

(2) Urine micro examination.

(3) Urine culture if micro examination shows pus cells.
(4) Blood cultures.

(3) C.8.F. examinations.

(6) Throat swabs and antistreptolysin tests.

(7
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Agglutination tests for typhoid and other Nalmonella infections,
brucellosis, glandular fever (infectious mononucleosis), typhus
fevers and Q fever, and leptospiral infections.

(8

~

Tests for tuberculosis.
(i) Mantoux tests.
(ii) |putum or gastric contents, or pleural ettusion (if present) :
smear, culture and guinea-pig inoculation.

(iii) Urine, if micro shows pus cells or eryvthrotytes : simear.
culture and guinea-pig inoculation.

(iv) Biopsy and culture of lymph-glands in rélation to possibly
tuberculous joints.

(9) Wassermann tests.

(10) Tests for hydatid.
(i) Cfasoni skin test.
(ii) Complement fixation test.

{11) Tissue biopsy, e.g. gland in Hodgkin's diseasde.

(12) Ezamination of bone marrow.
(i) Film and section (tuberculosis, sarcoid, ete.).
(ii) (tulture for Brucella abortus, Salmonella typhi, ete.

413) Investigations for virus infections.
(i) Complement fixation tests or tests demonstrating the
inhibition of hamagglutination.

(ii) Frei test (skin test with virus grown in yolk sac of chick
embryo, and killed) for lymphogranuloma venereum.

(iii) NDemonstration of ecold h®magglutining in primary
atypical pneumonia.

(iv) Liver function tests in infective hepatitis.
(v) Tissue culture.
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SENSITIVITY TESTS

If sensitivity tests are to be of practical value, results must be
available as soon as possible. It is better to test some organisms
unnecessarily than to be unable to supply information when it is
required. More reliable results are obtained if the tests are done
regularly and on i number of organisms simultancously.

Sensitivity tests employ one or other of two principles :
(1) Diftusion methods.

(2) Dilution methods.

The more common variations of these are :

(1e) The whole surface of a blood agar plate is inoculated with
the organism to be tested. Antibiotics are applied to localized
areas on the plate, from whenee they ditfuse to a surrounding
zone. Absence of growth in such a zone implies sensitivity of
the organism to a certain concentration of antibiotie, but any
attempt to define this quantity entails a good deal of exaet
work and the largest zone does not necessarily indicate the
greatest sensitivity. The concentration of antibiotic applied is
therefore chosen -‘to give a rough empirical relation to successful
or unsuceesgful treatment with the usual dosage given to the
patient.

The antibiotic may be applied :

(1) in dises of paper or pellets of other inert substance,
which may be purchased,

(2) in dises of filter paper impregnated with a measurcd
quantity of antibiotic from stock solutions in the
laboratory and applied wet, or made beforehand in
batches, dried and keptin a desiceator in the refrigerator,

(3) in holes cut in the medium and refilled with antibiotic
mixed with agar or as solutions of antibiotic placed in
cups inserted in the medium.

In all these variations there is no check on the result given by
an individual dise.

(1b) Dises, ete., are placed on the medium and each is surrounded,
not by a continuous area of inoculation of one organism, but
by radiating streaks of inoculation of several organisms, including
organisms of known Sensitivity.
(2a) Dilutions of antibiotic are maide in broth and inoculated
with a definite quantity of culture of the organism to be tested.
An organism of known =gensitivity is tested in parallel. The
point at which no growth or a specified reduction in growth
occurs may be determined by turbidity, or various devices
such as the addition of a fermentable sugar and an indicator
may be used. The method can readily be made to give exact
results. but is laborious.
None of these three methods show automatically the produetion
of penicillinase by staphylococei, though they may all be modified
to doso. T1 desired a separate test for its presence may be inchided (5).
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(2b) Dilutions of antibiotics are made in blood agar plates as
the plates are being poured. The organisms to be tested and
organisms of known sensitivity are inoculated on the surfaee in
a4 series of short streaks and also on the surface of control plates
which do not eontain antibiotic. The important concentrations
of antibiotice are those which approximate the concentration
reached in the blood of the patient on the usual dosage. The
size of the inoculum ig controlled. Heavy inocula are used in
the case of Staphylococeus aureus being tested against penieillin,
in order to digeloge the presence of penicillinase. Light inocula,
intended to produce discrete colonies, are used in all other cases.
Spreading organisms guch as Proteus vulgaris are segregated by
means of ditches cut through the medium. Stock econcentrated

solutions of antibiotics may be kept in the refrigerator for a

month. Dilutions of these for incorporation in the plates are

made weekly.  Lysed blood iz added to plates containing
sulphonamides to annul the effect of sulphonamide inhibitors

in the medium (25).

This method, which is used at the Alfred Hogpital, enables
large numbers of cultures to be tested with little expenditure of
time and material.  Twenty-four cultures can be tested on a 9 centi-
metre plate.  The concentrations recommended are :

Penicillin .o 0-01, 0-1, 110 units per millilitre.
Sulphadiazine oo 205, 10, 20 milligrams per centum.
Streptomyein .. 1, 10, 20 micrograms per millilitre.
Aureomyein .» 1y 5, 10 micrograms per millilitre.
Terramyein .. 1y &, 10 micrograms per millilitre.
Tetracycline oo 1, 5, 10 micrograms per millilitre.
Chloramphenicol .. 2, 10, 20 micrograms per millilitre.
Erythromycin .. 0-1, 1, 10 microgramg per millilitre.
Bacitraein . . co 0-15 1, 10 micrograms per millilitre.
Polymyxin <. 5, 10 micrograms per millilitre.
Sulphamar o 245, 25 and 250  milligrams  per
centum.

Colonies are picked from the original platings of specimens
whenever possible, and inoculated into 2 millilitre quantities of
tryptic broth. After about 6 hours’ incubation the sensitivity
plates are inoculated from a dilution of one 2 millimetre loopful of
culture in 5 millilitres of saline except in the vase of Staphylococcus
aureus and penicillin in which the undiluted culture is used. Urgent
specimens may be put directly on the plates, and even if the growth
is mixed useful information may be gained. In each case, organizsms
resistant to the highest concentration listed above are assuimed
not to be amenable to treatment ; organisms sensitive to the highest
concentration but resistant to the next highest concentration may
respond to large dosage, but if another drug ean be used it is to be
preferred, while organisms sensitive to the second highest conecen-
tration or less are thought to be of such sensitivity that treatment
will be efficacious if other factors are not adverse.

Mycobacterium tuberculosis is usually tested, in parallel with
the standard gtrain H37Rv, by methods of the type of (2b), on slopes
of the nsnal media (Lowenstein, Petragnani or Herrold) in which

the drug is incorporated.  However, when only oceasional tests are
done it iz more convenient to add the drug to semi-synthetic liquid
media such as Dnbos™ base containing albumin but without Tween
20, or Youmans' modification of Proskauer and Beek’s medinm
with albumin added, as in (2a).

The concentrations of drugs recommended are :

Streptomyecin o .. L, 10, 50 micrograms per
millilitre.
Para-amino-salieylic acid .. 1, 10, 100 miecrograms per

millilitre.

Isonicotinic acid hydrazide  0-2. 1, 5 micrograms per
millilitre.
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type of action. 30

routes ol administration, 26

toxie effeets, 27

use in therapy. sea individual diseases.
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Bactericidal action, 30
Bacteriostatic action, 30

Bacterium coli, («. 3, D 433). B0 (see alsn Coliform batilli).

Bacteroides, 32, 77
Benemid, 14, 19. Gl. 65
Benzyl penicillin, 13
Bicillin, 16
Blood culture,
in brucellosis, 77
in endocarditis, Gl
in puerperal infections. 86
in PAILO., 87, 88
in septiceemia, 77
Blood,
dyscrasias. 12, 21. 39
examination. 87, 88
film in glandular fever. 83
leucocyte count.
in P.11.0., 66
in meningitis, 76
in prophylaxis with sulphonamides. 72
Boils,
broad spectrum drugs in therapy. 63
choice of penicillin in therapy. t6
Bordet-Gengou medium, 79
Bowel,
infeetions of.
laboratory tests, 80
treatiment. 50, 51
prophylaxis in surgery of, 75

Broad spectrum antibiotics, see Aureomycm, Terramycin. Tetracycline and

Chloramphenicol.
Brucellosis,
laboratory tests. 77. 83
treatment, 52
Burns,
laboratory tests. 87
prophylaxis, 74
treatment, 74

Candida, see Monilia.
Candicidin, 69
Candidin, 69
Carbasone, 5l
Carbomycin, 25
Carriers,
diphtheria, 24, 41
staphylococcal, 25
streptococeal, 41
typhoid. 49
Cellulitis, 41, 4%
Cerebrospinal fluid,
laboratory tests on, 76
penetration of drugs into, 42
Chaulmoogra oil, 6
Chemotherapy,
aim of, 7
failure of. 40
place of. 38
Lhicken pox, 65

Chloramphenicol,
description. 20
dosage, 20
duration of therapy, 21
forms and varieties of.
cream, 70
palmitate, 20
solution for LY. therapy, 20

properties of.
administered alone. 34
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solution in propylene glycol, 70

administered with other drugs, 36
antagonism with penicillin, 31. 36

penetration into (.81, 43
range of activity, 20
type of action, 30
routes of administration, 20
toxic effeets. 21

use in therapy, see individual diseases.

Chloromyecetin, see (*hloramphenicol.
Chloroquin, 31
Chlortetracycline, see Aureomycin.
Clostridium botulinum, =0
Clostridium welchii,
in abertional infections, 54, 86
in food poisoning. 80
sensitivity to penicillin, 13
Coliform bacilli, infections due to,
bowel infections, 80
meningitis, 45
puerperal infections, H2
urinary tract infections, 62
Cold agglutinins, 54, 88§
Complement fixation tests, 32, 8§
Conjunctivitis, 9, 46, 70
Coombs’ test, 83
Corticotrophin, 71
Cortisone in infections,
general discussion. 71
in tuberculosis, 5%
Cross resistance,
erythromyein. 26
tetracyclinez, 22
Cryptococcus neoformans, 29
Cultures,
from blood. 76
C.N.F.. 76
freces. 80
pus. 56
sputum, 77
urine, 62. 66, 80
in PO, G5
staphylococeal infoctions, 63
Cystitis, 62

Dapsone, 60
D.B.E.D. penicillin, see Penicillin.
Dental operations, 73
Dengue fever, 52
Dihydrostreptomycin,
description, 18
dosage, 18
toxic effects. 19



Di-iodoquin, 52
Diphtheria,
lahoratory tests, 78
treatiment of infection. 41, 38
treatment of carriers, 24. 41
Distaquaine, 15
Dysentery,
amaebic. 51
baeillavy .
laboratory tests. S0
treatiment, 50

Elkosine, 8. Y
Emetine, 3l
Encephalitis, laboratory tests in, 82
Endameeba histolytica, infection with.
laboratory tests. 8l
treatment. 51
Endocarditis,
lahoratory tests, 77
prophylaxis, 73
synergism of penicillin and streptomyein, 35, 62
treatment. 61
Enteritis, staphylococeal. 23. 51. 81
Erythrocin, see Ilrythromycin.
Erythromyecin,
description. 24
dosage, 25
properties,
administered alone. 37
administered with other drugs. 37
cross-resistance. 26
developingnt of resistance to, 24
range of-activity. 24
type of action, 30
routes of administration, 25
toxic uffects. 25
use in treatment. see individual diseascs.
Estopen, 15
Eye, infections of,
Inboratory tests, 87
treatiment.
in conjunetivitis.
in trachoma. 68
with topical applications, 69. 70

46

Faces, culture from. 80
Food poisoning, S0
Fungicidin, 69
Fungous diseases, 69
Fusiform bacilli, 47

Gantrisin, see Sulphamethazole.
Gastroenteritis,
laboratory tests, R0
treatiment. 50
Glandular fever,
laboratory tests, 749. 83. 88
tonsillitis in, 41
Gonococcus,
examination for. 86
resistance to sulphonamides,
sensitivity to penieillin, 13

"

Gonorrheea,
laboratory tests. at
treatment. 55

‘Gums, ulcers of, 47

Hzmagglutination tests, 82
Hamolytic streptococcus, see Streplotroccus piogyenes.
Heemophilus influenzae, infections due to.
conjunctivitiz., 46
endocarditis, 61
meningitis, 44
Hzazmophilus pertussis, infection due to.
laboratory tests. 7Y
treatment. 46
Herpes simplex, 47
Herxheimer reactions, it
Heterophile antibody test, 81, 83
Histoplasmosis, 78
Hospital infections, 63
Hydatid disease, diagnosis of. 88

Ilotycin, see Ervthromyecin.
lodides,
in actinowycosis, (4
in syphilis, 56
Todoglycerol, 45
Isonicotinic acid hydrazide (I.N.A.H., Isoniazid),
description. 57
dosage, 58
toxic effects. H8
use, 29. 56. 58, 61

Leprosy, G0
Leptospirosis,
laboratory tests. &1
treatment. 67
Lupus erythematosus, 88
Lymphogranuloma venereum, 82, 8%

M. & B. 693, see Sulphapyridine.
Magnamycin, 25
Malaria, 88
Mandl’s paint, 48
Marfanil, 9
Measles, prophylaxis in, 68
Meningitis,
antagonism of drugs in. 32
failure of procaing penicillin in, 16
laboratory tests. 76
Iymphoeytic type. 46. 76
pyogenic type,
due to coliform bacilli, 45
H. influenzee, 44
meningococcei, +3
pneumococei. 43
Proteus, 45
Pseudomonas, 45
Salmonella, 45
Strep. pyogenes. 45
torular. 30. 69, 76 i
tuberculous. 46
virus (inchuting poliomyelitig), 76



Meningococcal septiczemia, 35. 32 Puneumonia,

Meningococcus, pneamococcal, 41
sensitivity to penicillin, 13 staphylococeal, 42, 64. 75

sengitivity to sulphadiazine, 33 tl}bﬂ't‘ugl;ms. 78
: o 5 virus
Meth&moglobinemia, 74 i

N Poliomyelitis,
Mo“?‘f”"v ‘.0 4 diagnostic tests. 76, 82
Monilia albicans, 23. 47 prophylaxis in, 68
Moniliasis, 47, 69, 78 Polymyxin, varieties of, 27
Mononucleosis, infectious, xee Glandular fever. Polymyxin B,
Mouth, ulcers of, 47 description, 27

P
Mumps, dosage, 28
properties. i

Inboratory tests., X2

R ilere 33
prophylaxis in. 68 administered alone, 37

administered with other drugs. 37
range of activity, 27

Neisseria, see Gonococens, Meningococceus. 2 5
Neisserja, see (i L U Tt type of action. 30

Neomycin, 2% routes of administration. 27. 28
MNocardiosis, 6Y toxic effects, 28

use in treatment, see individual diseases.
Osteomyelitis, 32. 64, 65 Probenecid, see Benemid.
Otitis externa, 70 Promin, 60
Otitis media, 44. 47 Prontosil rubrum, £
Oxytetracycline, see Terramycin. Prophylaxis,

for extraction of teeth. 73
for extraction of tonsils, 73

Para-amino-salicylic acid (P.A.S.), 38, 37, 58 r b g
in burns, 74

Paracolon bacilli, 50 in bowel surgery, 75
Paronychia, 41 in general surgery. 73. 74
Paul-Bunnell test, 33 in measlos, 68

in obstatrics, 54

Penaquacaine G, 15 : 3 -9
Penicilli in rheumatic fever, 72
emcll in, k. i in virus infectiong, &
(& ;] DL . . .
l;ocllc' toio ("l': 1 Proteus, infections due to.
« iption, 12 laboratory tests, i

(losxlgg. 13. 14 treatment,

duration of therapy, 14 meningitis. 45

forms and varieties of. I urinary tract. 62. 66. SO
crystalline, 13 wounds, 49, 66
D.B.E.D.. 16 Proteus X, strains in serology. %1, 83

Iistopen, 15

'y Pseudomonas, infections dne ta.
powder., 74

laboratory tests, =0

procaine (aqueous. fortified. oily), 15 treatinent.

|u'0|n<x-tie§ 91'. menil;gitis. 45
administered alone. 33 urinary traet. 62. 66. S0
administered with other drugs. 35, 36 wounds. 49, 66
antagonism with other drugs, 31 Psittacosis, 68, 82

penetration into C.S.F.. 42 Puerperal infections
range of activity, 13 i1 ‘:l
syvnergism with streptomyein, 33 TR S
tyvpe of action, 30
routes of administration. 13, 14
toxic effects, 17
use in treatment, see individual diseases.
Penicillinase, 14, 63. 29. 90
Penidural, 16

Pyrazinamide, 58

Pyrexia of unknown origin,
laboratory teats. 87
treatment, 66

Q fever,
Pneumococcus, laboratory tests in, §2
m conjunctivitis, 46 treatment, 6%
in otitis media, 47
in pngumonia. 42 Rheumatic fever,
in meningitis. 43 prophylaxis in. 72
sensitivity to penieillin. 13 Iabora.tory tests. 84

resistance to sulphonamides, 9 treatment of infection in, 41



Rickettsial diseases,
laboratory tests. 82, 83
treatment. 67

Rubella, 68

Salmonella infections.
laboratory tests, 80, 81, 82
treatment, 50
Secondary infections, 39. 40, 26
Sensitivity tests,
discrepancies in, 7
interpretation. 90
in staphylococeal infections. 63 el
methods, RY
Sensitization to antibiotics,
following topical applications, 69
in nursing staft, 17. 19
penicillin. 17
penicillin (D.B.E.D.). 16
penicillin lozenges. 70
streptomycin, 19, 57
sulphonamides. 12
Septicemia,
blood culturt: in. 76
in brucellosis, 77
in endocarditis, 61. 77
in puerpéral fever, 84, 86
in typhoid fever. 76
meningococcal. 35. 38
staphylococecal. 63. 77
treatment, see individual diseases.
Serological tests, 5l
Shigella infections.
laboratory tests. 80
treatment, H0
Sinusitis,
association with meningitis. 44
treatment of. 46
Skin,
post-operative gangrene of, 4#
ulcers of. 49
Solapsone, 60
Sputum cultures, 42. 77

Staphylococcus aureus (Staph. pyoyenes). 64

Staphylococcal infections,
laboratory tests in.
blood cultures, 77
sensitivity tests. 90
penicillinase. 14, 89. 40
treatment of.
general discussion. 63
conjunctivitis, 46
enteritis, 51
food poisoning. 80
meningitis. 45
Stomatitis,
due to sensitization. 17, 47
in Herpes stmplex. 47

~eq.

Streptococcus facalis, infections due to.

endocarditis. 62
puerperal anfection. 52. 85, 86
urinary tract, 63

Streptococcus pyogenes, infections d
laboratory tests. 79, 84, 85
prophylaxis. 72
treatment,

cellulitis, 41
meningitis, 45
otitis nedia, 47
puerperal sepsis. 53
tonsillitis, 40
wounds, 48
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ue to,

Streptococcus viridans, infections due to,

endocarditis, 61

Streptomycin,
description, 1§
dosage in pyogenic infections, 19
dosage in tuberculosis, 57
duration of therapy, 18, 57, 59
properties,

administered alone, 34

adrninistered with other drugs, 35, 36, 56 et seq.

penetration into US.F., 42
range of activity, 18
redistant mutants, 18
synergism with penicillin, 31,
type of action. 30

routes of adininistration,
intramusecular, 18, 57
intrathecal, 19, 57
oral, 19, 50
topical, 70

roxic effects, 19, 57

61

use in therapy, see individual diseases.

Streptomycin-dihydrostreptomycin
Sulphacetamide, 8, 9, 70

mixture, 19, 37

Sulphadiazine, see al/so Sulphonamides.

description, 9
«losage, 11
duration of therapy. 11
properties,
administered alone, 33

administered with other drugs, 35, 36

penetration into C.S.F., 42
range of activity, 9
type of action, 30
routes of administration, 10
toxic offects, 12

use in therapy, see individual diseases.

Sulphadimidine, see Sulphamezathine.
Sulphadital, &
Sulphaguanidine,
dosage. 11. 50
properties.,
absorption, 11
concentration in freces, 11
toxic effects, 12
use in therapy, 50
Sulphamar, 9, 12. 70
Sulphamerazine, 9

Sulphamethazine, see Sulphamezathine.

Suiphamethazole, 10. 33
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Sulphamezathine, ~ee «lxo Sulphonamides.
description. 9
dosage, 10. 11
properties,
penetration into C.S.F.. 9, 42
range of activity. 4
type of action. 30
routes of administration, 10
toxic effects. 12
use in therapy. see individual diseases.
Sulphanilamide, Y

Sulphapyridine, 9

=

Sulphathiazole,

Sulphathiazole, phthalyl,

dosage, 12

toxic effects. 12

use, a0, 75
Sulphathiazole, succinyl,

donage, 11, 12

toxic effects, 12

use, 50, 75
Sulphatriad, 10

Sulphonamides, see also individual drugs.

description, 8

dosage, 10, 11

properties,
absorption amd excration. 4
administered alone, 33
administered with other drugs, 35, 36
alkalinization of urine. 10
inactivation by pus. 9
range of activity. 9
type of action. 30

routes of administration, 10

toxic effects, 12. 74

use in prophylaxis,
in burns, 74
in rheumatic fever, 72
in surgery. 73

use in therapy. see individual diseases.
Sulphones, 60
Super-infection, see sccondary infection.
Surgical infections,

prophylaxis, 73

treatment, 458
Swabs, serum-treated,

nasopharyngeal, 79

rectal, 80

throat, 78
Synnematin B, il
Syphilis,

Herxheimer reaction in, 17, 56

laboratory tests. 82
treatment. 55

Synergism, 31
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Terramycin,
deseription. 21
dosage, 22
duration of therapy, 23
properties,
administered alone. 34
administered with other drugs. 36
antagonism with penicillin, 32
cross-resistance with aureomyecin, 22
penetration into C'.5.F., 43
range of activity. 21
type of action. 30
routes of administration, 22, 23
toxic effects,
general discussion, 23
staphylococcal enteritis, 23, 51, 8l
use in therapy, see individual diseases.
“Tetanus, 35, 49
Tetracycline,
description, 21
dorage, 22
duration of thernpy, 23
properties.
administered alone, 34
administered with other drugs. 36
cross-resistance. 22
penetration into (*.5.F., 43
range of activity, 21
type of action, 30
routes of administration, 22, 23
toxic effects,
general discussion, 23
staphylococcal enteritis. 23, 51. Sl
use 1 therapy, cee individual diseazes.

Tetraeycline group, see Aureomycin, Terramycin,
Tetracyn, see ‘U'ctracyline.
Therapeutic concentration, 15

Throat, infoctions of,
laboratory tests, 78
treatment, 40, 41

Throat swabs, 78
Thrush, 47
Tonsillitis, 40
Topical therapy, 69
Torulosis, 30. 6Y. 78
Trachoma, 68

Tuberculin reaction,
treatment of converters, 37

Tuberculosis,
cortisone in, 5Y
laboratory tests, 76, 7%, 88
treatment, 56 el seq.

‘Typhoid fever,
laboratory tests. 76, 80, 82
treatment, 49

Typhus fever,
laboratory teats, S
treatment. 67

Tetracyeline,



Ulcers,
of mouth,
laboratory tests, 79
treatment, 47
of skin,
laboratory tests, &6
treatment, 48

Urinary tract, infections of,
laboratory tests. 80
treatment, 62

Urine,
alkalinization of. 10
cultures, 80
micro examination. 8, 84

Urolucosil, &

Vagina, cultures from, 84, 85

Vincent’s angina,
laboratory tests, 7Y
treatment, 47

Vioform, 70
Viomycin,

dosage, 24. 58
toxie effects, 29

Virus infections,
general discussion. 6%
meningitis, 76
pneumonia,
serological tests. 34
treatment. 68
trachoma. 68

Wassermann test, 52

Weil's disease,
laboratory tests. Sl
treatment, 67

Whooping cough,
laboratory tests, 79
treatment. 46

Wounds, infected,
examination of pus, 56
prophylaxis in 2urgerv of, 73
treatiment, 48
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