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SOMMAIRE

L'antibioth6rapie des infections staphy-
lococciques demeure un probkme. L'isole-
ment du microbe et l.6preuve de sensibilit6
sont indispensables au choix de l'antibioti-
que. La p6nidilline G est la p6nicilline Ia
plus efficace contre les staphylocoques qui
ne sont pas g6n6rateurs de p6nicillinase;
quant aux souches g6n&atrices de p.nicil-
linase, le choix est limit6 aux p6nicillines
semi-synth6tiques, m6tbicilline, cloxacilline,
nafcilline et oxacilline. Pour traiter les
malades qui sont hypersensibles t. la p.Sni-
cilline, les antibiotiques bact6riostatiques
(6rytbromycine, novobiocine, t6tracycline,
chioramphenicol, ol.andomycine) sont des
m6clicaments utiles pour les infections
benignes. Dans les infections plus graves,
les bact6ricides (vancomycine, ristoc6tine,
kanamycine, bacitracine, n6omycine) ont
.t6 employ6es avec succ.s. L'ent6rocolite
staphylococcique aigue peut probablement
.tre le mieux trait6e par une p.nicihine
semi-synth6tique. D'autres antibiotiques,
dont des essais cliniques ont d.montr6
l'utilit6 dans des infections staphylococ-
ciques, sont la c6phalosporine, la fucidine,
la c6phaloridine et hi lincomyoine. Ce
dernier antibiotique a .t6 signal6 comme
traitement efficace de l'ost6omy.lite. fl
n'existe gu.re de justification . l'emploi
prophylactique des antibiotiques dans les
infections staphylococciques. Le drainage
chirurgical demeure un moyen adjuvant
capital du traitement de nombre d'infections
staphylococciques.
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chronic lung disease and neoplastic diseases. (3)
Infections inadequately treated owing to in-
experience of the physician or delay in treatment.

Cockcroft,2 in a recent issue of this Journal, re-
viewed the subject of antibiotic therapy of
staphylococcal infections, listed the drugs of value
for this purpose, and discussed appropriate dosage
schedules for the treatment of infections of varying
severity. It is not the purpose of this communica-
tion to reiterate this material or to discuss specific
staphylococcal infections, but rather to arrange
the antibiotics that have somewhat similar activity
against the staphylococcus into a few suitable
groups, to examine their effectiveness in the treat-
ment of staphylococcal infections, and to consider
the small number of newer antistaphylococcal
drugs such as cephalosporin, fucidin, lincomycin
and cephaloridine.

ANTIBIOTICS OF THE PENICILLIN GROUP

With a few exceptions penicillin C is still the
most effective drug for the treatment of staphy-
lococcal infections in which the organism is found
to be sensitive, and should therefore be the anti-
biotic of first choice. At ordinary dosages it has a
bactericidal effect and it is not inactivated by pus.
Fifty-four per cent of staphylococci isolated from
patients in St. Michael's Hospital, Toronto, in
1964 were found to be resistant to penicillin by
the antibiotic disc method. Since many of, the
strains were isolated from patients attending the
outpatient clinic and the emergency department,
this figure represents a mixed population rather
than that from an enclosed hospital environment.
This percentage has remained between 50 and 60
over the past five years, so that the distribution of
sensitive and resistant strains seems to have become
stabilized. However, one Canadian hospital3 has
reported that as many as 82% of staphylococci
isolated from hospital patients were resistant to
penicillin. Penicillin G, although sensitizing to some
patients, is relatively non-toxic and can be used
in very high doses if necessary-as much as 100
million units a day.

Pathogenic staphylococci fall into three groups in
regard to their response to penicillin: those that
are non-penicillinase-producers and are fully sensi-
tive to penicillin C, those that are weak penicil-
linase-producers and are slightly resistant, and those
that are strong penicillinase-producers and are
completely resistant to penicillin G. It is well
known that staphylococci rarely, if ever, de-
velop resistance to penicillin in vivo during the
course of an infection. They are resistant by virtue
of the fact that they produce penicillinase and this
appears to be characteristic of only certain strains
of staphylococci. To handle these resistant strains
we now have the semisynthetic penicillins-methi-
cillin, oxacillin, nafcillin and cloxacilhin-which are
not destroyed by staphylococcal penicillinase.

When the organism is resistant to penicillin G, the
antibiotic to use should be one of these newer
penicillins and the choice will depend on the route
of administration selected. In the majority of
staphylococcal infections the sensitivity of the
organism will not be known, and in fact it may
be impossible to obtain suitable material from the
patient for culture. In such circumstances treat-
ment should be begun with a semisynthetic peni-
cillin. If the subsequent sensitivity tests prove that
the organism is sensitive to penicillin G, it is ad-
visable to change to this drug because it is more
active against sensitive strains of staphylococci
than are the semisynthetic penicillins. In fact, be-
cause penicillin C is so much more effective against
staphylococci that do not produce penicillinase and
are therefore sensitive, it is acceptable and not un-
sound treatment to administer a combination of
both penicillin G and methicillin, for example, to
begin with in the case of a serious infection when
the sensitivity of the staphylococcus is not known.
Then, depending on the sensitivity of the organism,
one penicillin is discontinued and treatment is
continued with the appropriate one. Fortunately,
however, doses of methicillin recommended for the
control of infections due to penicillin G-resistant
staphylococci are sufficiently large to control most
strains of non-penicillinase-producing staphy-
lococci, but the dose may have to be increased for
other strains.

Methicillin, oxacillin, nafcillin and cloxacillin
have been tested clinically in the treatment of a
variety of staphylococcal infections, and to date
many reports of their effectiveness have been re-
corded in the literature. There is very little to
choose among the four except for ease of adminis-
tration, as there is no oral preparation of methi-
cillin available. On an oral dosage basis cloxacilhin
may be preferable to nafcillin4 or oxacillin, owing
to the fact that it gives higher blood levels and is
slightly more effective in vitro than is oxacilhin
against penicillinase-producing staphylococci.5
Development of drug resistance to these four

semisynthetic penicilhins during treatment has not
been reported. It is possible to induce resistance
to all of these drugs in the laboratory by passage
of staphylococcal strains in the particular peni-
cillin. Furthermore, resistant strains have been
isolated on rare occasions from patients in clinical
practice, but these appear to be naturally resistant
strains rather than strains with drug-induced re-
sistance. Such strains do not inactivate the drug by
the production of penicilhinase or any other en-
zyme such as a methicilhinase.0 Since there is cross-
resistance between these four penicillin analogues,
it is well to observe some practical precautions in
their use. They should be reserved for the treat-
ment of infections caused by penicillin C-resistant
staphylococci.
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BACTEBIOSTAnG DRUGS

In many cases patients are unable to receive
penicillin because they have become hypersensitive
to the drug. For less severe staphylococcal in-
fections in such patients it may be necessary to
choose an antunicrobial agent from the group
listed in Table I, to which the organism may be
sensitive but which has a predominantly bacterio-
static action.

TABLE 1.-DRUGS WITH A BACTERIOSTATIC ACTION

Erytliromycin
Novobiocin
Tetracycline
Chioramphenicol
Oleandomycin

Whether or not the infecting staphylococcus will
be sensitive to any of the agents in this group
depends usually on the extent to which these drugs
are used in the area where the infection was
acquired. Table II lists the number of staphylo-
coccal strains tested in 1964 in St. Michael's Hos-
pital, Toronto, and the percentage of these strains
found to be resistant to the various drugs. Again,
these staphylococci were isolated from in-hospital
patients predominantly, but isolates from out-
patients and from the emergency department are
also included.

TABLE 11.-STAPHYLOCOCCI ISOLATED IN ST. MICHAEL'S
HOSPITAL, TORONTO, 1964

No. of No. of
strains strains Per cent

Antibiotic tested resistant resistant
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used in combination with each other or with some
other agent to which the staphylococcus is sensi-
tive, to prevent the emergence of drug-resistant
strains. Both antibiotics should be used in full
dosage in such cases.

Staphylococci are prone to develop resistance to
tetracycline. Thirty-seven per cent of strains iso-
lated at St. Michael's Hospital in 1964 were found
to be resistant as indicated in Table II. Today
there is little reason to use this drug in the treat-
ment of staphylococcal infections unless it is given
in combination with other agents to which the
organism is sensitive, when penicillin cannot be
used. Because of the profound effect the
tetracyclines have on the normal bacterial flora
and the possibility of consequent superinfection
with tetracycline-resistant staphylococci, it is ad-
visable to avoid administration of this drug as
much as possible in hospitalized patients.
Few strains of staphylococci develop resistance

to chloramphenicol, and this antibiotic is often
effective in the treatment of staphylococcal in-
fections. However, in view of the large number
of antistaphylococcal agents now available and
because of its toxicity to the bone marrow, it is
advisable not to use chloramphenicol in the treat-
ment of staphylococcal disease.

Oleandomycin is closely related to erythromycin.
It is slightly less effective against staphylococci
than is erythromycin and it enjoys no special ad-
vantages that render it more useful in the treatment
of staphylococcal infections.

BACTERICIDAL DRUGS

A number of antibiotics which have a bacteri-
cidal effect in ordinary therapeutic dosage have
largely been replaced by the newer penicillins in
the treatment of staphylococcal infections. These
include the products listed in Table III.

TABLE 111.-DRUGS WITH BACTERICIDAL ACTION

Vancomycin (Vancocin)
Ristocetin (Spontin)
Kanamycin (Kantrex)
Bacitracin
Neomycin
Framycetin (Soframycin)

It may still be necessary to resort to these drugs
when a patient who is hypersensitive to penicillin
has a severe staphylococcal infection due to a
penicillin-resistant organism which is also resistant
to erythromycin and novobiocin, and where a
bactericidal drug is necessary, as in the treatment
of endocarditis. Naturally resistant strains of
staphylococci to vancomycin and ristocetin are
extremely rare and resistance to these two drugs
is not readily acquired. Both drugs are effective
in the treatment of staphylococcal infections and
are administered intravenously so that one is as-
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sured of good bactericidal levels in the blood
stream. Welch and Finland8 ranked vancomycin,
ristocetin and kanamycin in that order of pref-
erence when such drugs are indicated. Strains of
staphylococci develop resistance fairly rapidly to
kanamycin when exposed to the drug.
The staphylococcus is usually sensitive to both

bacitracin and neomycin, and resistance, although
it has been recorded more frequently for neomycin,
is only moderate and slow to develop. Neither drug
is absorbed after oral administration, and although
bacitracin has been used successfully by intra-
muscular injection for severe staphylococcal infec-
tions, because of the extreme toxicity when these
products are given parenterally they are now used
mainly as topical antimicrobial agents or for pre-
operative bowel antisepsis. Bacitracin has been
employed by Meleney and Johnson9 in the treat-
ment of furuncles, carbuncles and superficial
abscesses by direct injection of an aqueous prepara-
tion into the centre of the lesion. This procedure
resulted in prompt elimination of the organism
and shortened healing time or permitted less ex-
tensive surgery than would be expected in a high
percentage of cases.

Framycetin is identical with neomycin B and has
been used effectively in the treatment of superficial
staphylococcal infections and in a cream, or pref-
erably a spray for nasal instillation, in the control
of staphylococcal nasal carriers and recurrent styes
or boils.

Since bacitracin, kanamycin and particularly neo-
mycin have been used in the therapeutic suppres-
sion of bowel flora, this is a logical place to men-
tion briefly the complication of staphylococcal
enterocolitis which may arise in conjunction with
such therapy. Hummel and Altemeier10 reviewed
155 cases of this disease which occurred between
1958 and 1962. In 44 of these patients the only
antimicrobial agents received prior to development
of the enterocolitis were neomycin, administered
alone or with sulfasuxidine or sulfathalidine. More
often this condition is caused by the preoperative
administration of a broad-spectrum antibiotic such
as tetracycline, or the combination of penicillin and
streptomycin. Barber and Garrod11 listed the fol-
lowing three factors that predispose to the develop-
ment of acute staphylococcal enterocolitis: (1)
antibiotic treatment suppressing the normal bowel
flora; (2) an empty small intestine in which anti-
biotics can attain an abnormally high concentration,
and (3) the presence in the environment of a
virulent antibiotic-resistant staphylococcus. As well
as discontinuing the antibiotics to which the staphy-
lococcus is resistant, the patient should receive an
antimicrobial agent to which his organism is sensi-
tive. Cloxadilin, oxacillin, or, if necessary, methi-
cillin would be appropriate drugs to use under
these circumstances.

RECENTLY INTRODUCED ANTISTAPHYLOCOCCAL
AGENTS
A small number of antibiotics that have recently

been introduced are effective in the treatment of
staphylococcal infections, viz. cephalosporin, fuci-
din, lincomycin and cephaloridine.

Cephalosporins
The cephalosporins may present an alternative to

methicillin and cloxacillin for the treatment of peni-
cillin C-resistant staphylococcal infections in pa-
tients who are allergic to the latter drug. They are
closely related to penicillin but show no cross-
hypersensitivity with it. A number of cephalo-
sporins have been produced by adding side-chains
to the cephalosporanic acid nucleus in the same
manner as the semisynthetic penicillins are pre-
pared. Cephalothin, one of the most effective of
these, is reported to compare favourably with peni-
cillin C on a clinical basis against penicillin-sensi-
tive micro-organismsY2 It is resistant to the action
of penicillinase and is as active against penicil-
linase-producing staphylococci as methicillin. Cross-
resistance occurs between cephalothin and methi-
cillin against these penicillin-resistant strains.
Cephalothin must be given parenterally, and to
date clinical trials show that it is effective in the
treatment of staphylococcal infections caused by
pen.lcillinase-producing staphylococci.

Fucidin
Fucidin is an antibiotic that is mainly used in

the treatment of staphylococcal infections, al-
though it is also active against other Gram-positive
bacteria and Gram-negative cocci. It is the sodium
salt of fusidic acid, an antibiotic chemically related
to cephalosporin P1. Almost all strains of staphylo-
cocci, regardless of whether they produce peni-
cillinase or not, are highly sensitive to fucidin. An
interesting feature of the drug is that staphylococci
are prone to develop resistance to it very easily
when passaged through increasing amounts of
fucidin in the laboratory, but the development of
resistance rarely occurs in patients receiving the
drug in the treatment of clinical infection. The
reasons for this phenomenon are not clearly under-
stood, but it makes one wonder about the future
of this antibiotic after it has had wider clinical use.
Fucidin is bactericidal in its effect upon staphy-
lococci and can be used alone. But a synergistic
effect has been described between fucidin and peni-
cillin G, and its main use is in com-
bination with this drug against penicillin
C-resistant organisms. This synergistic effect
is evident, however, only against those staphylo-
coccal strains that are weak producers of peni-
cillinase and that inactivate penicillin relatively
slowly. According to Taylor and Bloor,'3 the fucidin
reduces the bacterial population to a sufficient
degree that penicillinase production is negligible,
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useful drug for the treatment of patients unable
to take methicillin. Results of therapeutic tests in
mice showed that the curative dose of cephalo-
ridine was much lower than that of methicillin in
the treatment of infections caused by each of seven
strains of staphylococci.17 To date, however, there
are too few clinical reports of the effect of this
drug in the treatment of staphylococcal infections
in humans to assess its real value. The antibiotic is
useful also in the treatment of a variety of Gram-
negative bacillary infections and appears to rival
ampicillin in its effectiveness in this respect. As yet
cephaloridine is not available in Canada and it is
included in this consideration of antistaphylococcal
agents for the sake of completeness only.

PROPHYLACrIC ANTIBIOTICS IN
STAPHYLOCOCCAL INFECrIONs

The prevention of postoperative wound infections
caused by Staphylococcus aureus by the admin-
istration of preoperative antibiotics is a question-
able procedure. Most successful results with pro-
phylactic antibiotic therapy have occurred in the
case of Streptococcus hemolyticus, where one is
dealing with a highly sensitive organism with
virtually no resistant strains-an organism so sensi-
tive that, as Barber and Garrod'8 put it, a mere
whiff of penicillin is enough to keep it away. On
the other hand, there are many penicillin-resistant
strains of staphylococci, and resistance develops
readily to most of the other antibiotics. Pre-treat-
ment with antibiotics often eliminates the highly
sensitive organisms and prepares the way for
colonization of wounds or other potential sites of
infection by more resistant organisms. Dowling,
Lepper and Jackson'9 have shown that many pa-
tients treated in hospital with penicillin or tetra-
cycline rapidly become nasal carriers of antibiotic-
resistant staphylococci. Moreover, there are un-
known factors in the patient which play a large
part in the development of a postoperative infec-
tion. Dineen20 was able to render mice more sus-
ceptible to intravenous injection of staphylococci by
alteration of the normal intestinal flora of these
animals with antibiotics. There are many clinical
reports in the literature of surgical patients treated
with prophylactic antibiotics, and most of these
have failed to demonstrate any advantage in the
procedure, no matter what antibiotics or combina-
tion thereof was used. One of the most extensive
of these trials, which took into account the type of
operation, the condition of the patient, and many
other variables, was published in the Annals of
Surgery2' in a Supplement on Postoperative Wound
Infections. No evidence of the prophylactic value of
antibiotics in the prevention of wound infections
was apparent in this study.

Certainly the use of antibiotics preoperatively
should be restricted to a small number of selected
cases. Since most postoperative wound infections
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are caused by Staphylococcus aureus and the
organism will most likely be a penicillin-resistant
one, methicillin or one of the newer oral penicillins
would probably be the drug of choice in such cases.
The staphylococcal lesion is characterized by an

accumulation of pus surrounded by a wall of in-
flammatory tissue. It is well known that penicillin
is highly diffusible and is not inactivated by pus.
But the fact remains that it is often unable to
sterilize large collections of pus or tissue slough.
The reason for this is not clear. If the disease is
diagnosed early before tissue destruction has oc-
curred and before pus has formed, the inflamma-
tion can often be made to regress by the acirnin-
istration of a suitable antibiotic alone. If an abscess
has formed, however, the pus must be evacuated,
foreign bodies must be removed if present, and
debridement of necrotic tissue must be performed.
With appropriate surgical management it is often
not necessary to use any antibiotic therapy if the
abscess is small and well localized. Where the in-
fection is extensive, large and spreading, multiple,
associated with blood stream invasion or in a criti-
cal location, antibiotics will be an important adjunct
to therapy whether or not surgical treatment is
indicated.

SUMMARY

The antibiotic treatment of a staphylococcal infection
should be govemed by (1) the severity of the infection
and (2) the probable source of the infection. If the
infection is not severe and is contracted outside of
hospital where resistant strains of staphylococci are
less common, treatment with penicillin C will most
likely be adequate: if the patient is allergic to peni-

cillin, the bacteriostatic drugs may be used in such
circumstances. In the case of a severe infection or one
due to an organism which is likely to be penicillin-
resistant, it is advisable to begin treatment with
methicillin or cloxacihin or a combination of either
with penicillin C, discontinuing the first two if sensi-
tivity tests show the organism to be penicillin-sensitive.
In the event that the patient is unable to take one of
the penicillins, it may be necessary to resort to a
newer antibiotic, such as lincomycin or cephalothin,
which is resistant to the destructive action of peni-
cillinase.
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PAGES OUT OF THE PAST: FROM THE JOURNAL OF FIFTY YEARS AGO

LATE EFFECTS OF GAS POISONING

There were ninety-six cases before us. We saw no recent
cases. With, I think, no exception, they were men who
had been poisoned at Ypres on April 22 or 25, i.e., three
months after having been subjected to the fumes. As far
as our observation goes it would seem that while the
Germans inflicted serious damage on our troops during those
few days in the latter part of April, they never succeeded
again in their diabolical effort to gain ground by this
contemptible method of poisoning men. Prompt measures
were taken to protect our men against the influence of
gas and these efforts seem to have been wholly successful
so that it seems certain that no further injuxy will be
caused by such means. Regarding the more serious effects
of gas we learn that not a few cases proved fatal soon
after exposure or within the first few days. In our board
work we had to deal with many cases of serious poisoning
who had passed the initial danger but were still suffering
from symptoms more or less distressing. Shortness of
breath was complained of on exertion, or, at times, coming
on apart from exertion, the man occasionally waldng at
night with dyspncea. These men usually complained also of
excessive secretion with expectoration particularly in the
morning. The physical signs on examining the chest were

practically negative and it was remarkable that one was
never able to detect 'by this means any serious lesion in the
lung. Next in order came marked gastric irritability, evi-
denced by the fact that the man was unable to retain any
solid food. Many of these cases were able to take milk and
soups but the moment they took solid food of any descrip-
tion they vomited. Occasionally we were told that the man
would vomit in the morning only, this occurring im-
mediately upon his first meal for the day, no matter what
type of food was taken, but that he had no trouble with
dinner or supper provided he took fluids. Over a period
of weeks in many cases there had been no improvement.
We also got a history in several instances of h.morrhage
from the bowel with diarrhoea and ha.maturia in the early
stages.
The problem which thus far we are unable to solve is

whether or not the damage done to the gastro-intestinal
tract or to the respiratory organs is permanent. These
men continue to have symptoms three months after the
exposure to the gas, and occasionally with little or no
tendency to improve. We have no previous experience of
such cases to go upon and we are therefore quite unable
to determine whether the damage done is permanent or
not.-A. Primrose, Canad. Med. An. J., 5: 859, 1915.


