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Treatment of Staphylococcal Infections

TREATMENT OF GENERALIZED
STAPHYLOCOCCAL INFECTIONS

WILLIAM M. M. KIRBY
Department of Medicine,

University of Washington School of Medicine, Seattle, Washington.

The principal contribution of the new
penicillins has been in the therapy of severe
generalized infections caused by staphylococci
resistant to penicillin G. Considering the
overall aspects of efficacy and side effects,
experience for more than five years has demon-
strated the superiority of methicillin over
previous antibiotics including vancomycin, and
the combination of erythromycin and chloram-
phenicol. From 1950 to 1957, the cure rate
in patients with staphylococcal bacteraemia with
a variety of drugs, chiefly erythromycin
and chloramphenicol, was around 40% or
lower. (Wilson and Hamburger, 1957; Geraci,
Hoffmeister - Nichols and Needham, 1958;
Hassall and Rountree, 1959). Considerable
improvement was noted with vancomycin,
a 65% survival rate being reported among
121 cases (Kirby, 1963). With methicillin
the survival rate has been around 70%
in over 200 cases, (Klein and Finland, 1963;
Allen, Roberts and Kirby, 1962), a remarkable
figure considering the high incidence of serious
underlying illnesses and the frequent in-
accessibility of major foci of infection. The
importance of the latter point was stressed
in one report, where five of six patients who
received optimal drainage of a local lesion
survived, while in 13 patients where suitable
drainage was not possible, ten died despite
adequate methicillin therapy (Sabath, Postic
and Finland, 1962).

Similar results, i.e., a mortality rate of
30%/, or less, have been reported in serious
staphylococcal infections in nonbacteraemic
patients, and it is possible that even better
figures might have been attained with larger
doses of methicillin. Since the minimum in-
hibitory concentration is 3 to 4 ,ug./ml. for
a large inoculum of most strains, and the peak
serum concentration is 12 to 14 ug./ml.
following an intramuscular injection of 1 gram,
it is probable that 2 grams should be ad-
ministered every 4 hours for optimal penetration
into infected tissues. Gold (1962) noted
positive blood cultures in two cases treated with

6 grams per day, with clearing of the bacter-
aemia only after the dose was doubled. The
importance of large doses has also been
recognized by other investigators (Klein and
Finland, 1963; Allen, Roberts and Kirby, 1962).

Initial studies performed five years ago led
some of us to predict that emergence of
methicillin-resistant staphylococci would not
become a problem of appreciable clinical
significance (Kirby, 1961). This prediction,
which now appears to have been correct, was
based on finding the same slow, stepwise
development of resistance in vitro to methicillin
as was noted with penicillin G, since in
patients staphylococci have not become re-
sistant to penicillin G through this mechanism.
Also, the incidence of naturally-occurring,
methicillin-resistant strains was very low, in
contrast to the significant numbers of penicil-
linase producers observed with the earliest
studies of penicillin G (Kirby, 1945). Super-
infection with gram-negative bacilli has been
a frequent complication of methicillin therapy,
particularly in debilitated patients in charity
hospitals (Sabath, Postic and Finland, 1962).
This is in no way specific for methicillin, but
represents the change in flora noted previously
with other antibiotics bactericidal for most
gram positive organisms (Kirby, 1963). As
for allergic reactions, it is now apparent that
there is cross-sensitization between all the
penicillins. A low incidence of bone marrow
depression and nephrotoxicity has also been
attributed to methicillin. As with penicillin G,
however, the great majority of patients have
tolerated the new penicillins with a minimal
incidence of toxicity and side effects.

Since the advent of methicillin, a number
of other penicillinase-resistant synthetic penicil-
lins have been used clinically, including
oxacillin, cloxacillin, diphenicillin, dicloxacil-
lin, and nafcillin. Although better absorbed
following oral administration, none of these
new compounds has shown clearcut superiority
over methicillin from the standpoint of clinical
efficacy. Since clinical comparisons are notori-
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ously difficult with staphylococcal infections,
other factors are helpful in assessing efficacy,
including relative in vitro activity, absorption
and excretion, and serum binding.

Oxacillin, 5 to 8 times as active as methicillin
against staphylococci in vitro, is well absorbed
following oral administration, and these ad-
vantages would seem sufficient to make
methicillin obsolete. On the other hand,
oxacillin is bound by serum proteins to a much
greater extent than methicillin (80 to 90% com-
pared with less than 20%) and this feature
probably cancels out the advantage of its greater
antibacterial activity. The clinical significance
of serum binding is difficult to determine, and
some have doubted that it represents a dis-
advantage at all. However, the bound anti-
biotic is not active against bacteria (Kirby,
1962), and it has been shown that the con-
centration of free antibiotic in the tissues is
essentially the same as that present in the
serum (Verwey and Williams, 1962; Scholtan
and Schmid, 1962). Direct measurements in
patients have also shown that methicillin
diffuses into peritoneal, pleural, joint, and
cerebrospinal fluids in higher concentrations
than oxacillin, suggesting that methicillin may
be preferable for infections involving these
sites (Geraci et al., 1962; Rutenberg, Green-
berg and Schweinberg, 1960; White and
Varga, 1961). In another type of study when
serum concentrations were determined following
intramuscular injections by a method combining
the factors of absorption, antistaphylococcal
activity, and protein binding, very similar
values were obtained for methicillin (1 gram)
and oxacillin (0.5 gram), and also for nafcillin
and cephalothin, 0.5 gram each (Sidell et
al., 1963). Finally, clinical results so far
available do not support the superiority of
its greater antistaphylococcal actiVity. In com-
paring results in patients seriously ill with
staphylococcal bacternmia and with pneumo-
nia, Finland's group found that the mortality
for those treated with methicillin and oxacillin
was almost identical. Even though intra-
muscular and intravenous dosage forms are
now available for oxacillin, it is apparent that
methicillin should not be abandoned at
present, and that further careful laboratory
and clinical comparisons are desirable.

Cloxacillin is similar to oxacillin in serum
binding, but has greater activity in vitro
against staphylococci resistant to methicillin,
and serum concentrations following oral ad-
ministration are at least twice as high as with

oxacillin (Knudsen et al., 1962; Sidell
et al., 1964). It is of interest that serum
concentrations of cloxacillin are also higher
following intramuscular administration, and
indirect evidence indicates that this is probably
due at least in part to more rapid destruction of
oxacillin by the liver (Gravenkemper et al.,
1963). Clinical studies indicate that cloxacillin
is at least as effective as methicillin and oxa-
cillin. In a carefully conducted study in six
hospitals in England, 73 of 92 patients were
cured or much improved (Stewart et al., 1962),
but critical comparisons with results obtained
with the other antibiotics are not possible
due to inevitable variability in the case material.
Dicloxacillin, only recently available, appears
to give blood levels twice as high as those of
cloxacillin following oral administration, but
clinical studies are as yet too preliminary to
warrant valid conclusions. These developments
make it quite likely that one of the other
isoxazolyl penicillins may eventually supplant
oxacillin.

Diphenicillin represents an interesting ex-
ample of the correlation between laboratory
and clinical results. In vitro, diphenicillin is
somewhat less active than oxacillin against
penicillinase-producing staphylococci, and it
is bound by serum proteins to approximately
the same extent as oxacillin (Abu-Nassar,
Williams and Yow, 1963). Serum concentra-
tions are distinctly inferior with diphenicillin
as compared with oxacillin, especially with
multiple doses where food exerts an influence
even when the drugs are taken two hours
after meals (Kirby et al., 1962). Clinically,
the mortality rate among patients seriously
ill with staphylococcal infections who were
treated with diphenicillin was appreciably
greater in one series than for methicillin and
oxacillin (Klein, 1963b). Those treated with
diphenicillin included a somewhat larger
number of less favourable cases, but even
considering this factor, the clinical results are
in keeping with the in vitro and pharmacologic
observations. Because of its inferior perform-
ance, as well as for certain other reasons,
diphenicillin has not become available com-
mercially in the United States.

Nafcillin, which has only recently become
available for large scale use, is slightly more
active in vitro, and somewhat less bound by
serum proteins, than is true for oxacillin and
cloxacillin. Serum concentrations of nafcillin
and oxacillin are approximately the same
following intramuscular injection, but nafcillin
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gives somewhat lower blood levels following
oral administration, even with the buffered
salt (Whitehouse et al., 1963; Kirby-un-
published observations). In an interesting and
carefully controlled double blind study of
efficacy, Martin et al. (1963), found that
nafcillin gave clinical results comparable to
those obtained with penicillin G in penicillin
treatable infections, and that nafcillin and
methicillin were equally effective in the treat-
ment of infections caused by penicillinase-
producing staphylococci. Of special interest
was the fact that 14 of 36 patients with
staphylococcal infections were initially mis-
diagnosed, and six of the seven patients who
were treated with penicillin G died. Of seven
such patients receiving nafcillin, only one died.
These figures cast serious doubt on the widely
advocated practice of withholding the new
penicillins until a staphylococcal aetiology is
clearly established. In our opinion, a better
practice is to initiate therapy with a penicillin-
ase-resistant penicillin, and to change to
penicillin G in a day or two if the infection
is found to be caused by susceptible staphylo-
cocci, streptococci, or pneumococci.

Apart from interest centering around the
comparative clinical efficacy of these new
penicillins, there are many special aspects of
therapy involving seriously ill patients. One
is uraemia, for patients with generalized
staphylococcal infections often have renal in-
sufficiency as one of their complications. In
uraemic patients, we have made the interesting
observation that oxacillin disappears from the
serum much more rapidly than methicillin, and
that the disappearance curves are not appreci-
ably altered by hemodialysis (Kirby et al.,
1962). Oxacillin presumably disappears more
rapidly because of greater destruction by the
liver, and we have recently substantiated this
explanation in patients with severe liver and
renal disease following ingestion of carbon
tetrachloride, where the rate of disappearance
of both oxacillin and methicillin is much
slower.

In conclusion, it can be stated that the new
penicillins have returned the therapy of severe
generalized staphylococcal infections to the
status that existed when penicillin G was first
developed. Indeed, the situation is even more
favourable since the emergence of resistant
strains has so far been a negligible problem.
Problems for the immediate future include
delineation of the relative efficacy of the several
penicillinase-resistant penicillins now available,

since it seems scarcely necessary to have half
a dozen compounds which are essentially
identical in their efficacy. There is also, of
course, the always present hope that compounds
that are even more effective, and that have
fewer side effects, will be developed.

REFERENCES
ABU-NASSAR, H., WILLIAMS, T. W., Jr., and Yow,

E. M. (1963), Amer. J. Med. Sci., 245, 399.
ALLEN, J. D., ROBERTS, C. E., an-d KIRBY, W. M. M.

(1962), New Engl. J. Med., 266, 111.
BULGER, R. J., LINDHOLM. D D., MURRAY, J. S., and

KIRBY, W. M. M. (1964), J. Amer. Med. Ass.,
187, 319.

GERACI, J. E. (1950), Med. Clin. N. Am., 42, 1101.
GERACI, J. E., HOFFMEISTER, R. T., NICHOLS, D. R.,

and NEEDHAM, G. M. (1962), Proc. Mayo Clinic,
37, 137.

GOLD, J. A. (1962), Pp. 693-696 in Antimicrobial
Agents and Chemotherapy-1961. Ann Arbor:
Braun-Brumfield, Inc.

GRAVENKEMPER, C. F., SWEEDLER, D. R., BRODIE,
J. L., SIDELL, S., and KIRBY, W. M. M. (1964),
Pp. 231-236 in Antimicrobial Agents and Chemo-
therapy-1693. Ann Arbor: Braun-Brumfield,
Inc.

HASSALL, J. E., and ROUNTREE, P. M. (1959), Lancet,
i, 213.

KIRBY, W. M. M. (1945), J. clin. Invest., 24, 170.-
KIRBY, W. M. M. (1961), Pp. 75-76 in A Symposium

on the New Dimethoxyphenyl Penicillin. Syra-
cuse: State University of New York. P. -A.
Bunn, ed.

KIRBY, W. M. M. (1963), Pp. 84-96 in the Proceedings
of the Second International Sympos'ium of
Chemotherapy. Naples

KIRBY, W. M. M., ROSENFELD, L. S.. and BRODIE, J.
(1962a), J. Amer. med. Ass., 181, 739.

KIRBY, W. M. M., ALLEN, J. D., ROSENFELD, L. S.,
and HULL, P. Q. (1962b), Pp. 757-764 in Anti-
microbial Agents and Chemotherapy-1961. Ann
Arbor: Braun-Brumfield, Inc.

KLEIN, J. O., SABATH. L. D., STEINHAUER, B. W., and
FINLAND, M. (1963a), New Engl. J. Med., 269,
1215.

KLEIN, J. O., SABATH. L. D., STEINHAUER, B. W., and
FINLAND, M. (1963), Amer. J. Med. Sci., 246, 385.

KLEIN, J. O., and FINLAND, M. (1963), New Engl. J.
Med., 269, 1019, 1074, 1129.

KNUDSEN, E. T., BROWN, D. M., and ROLINSON, G. N.
(1962), Lancet ii, 632.

MARTIN, C. M., KUSHNICK, T. H., NuccIo, P. A.,
GRAY, D. F., BERNSTEIN, I., and WEBB, C., Jr.
Pp. 290-298 in Antimicrobial Agents and Chemo-
therapy-1963. Ann Arbor: Braun-Brumfield,
Inc.

RUTENBERG, A. M.. GREENBERG, H. L., and SCHWEIN-
BERG, F. B. (1960), New Engi. J. Med., 263, 1174.

SABATH, L. D., POSTIC, B. an-i FINLAND, M. (1962),
New Engl. J. Med., 267, 1049.

SCHOLTAN, W., and SCHIMID, J. (1962), Arzneimittel-
Forsch., 12, 741.

SIDELL, S., BURDICK, R. E., BRODIE, J., BULGER, R. J.,
and KIRBY, W. M. M. (1963), Arch. intern. Med.,
112, 21.

SIDELL, S., BULGER. R. J., BRODIE, J. L., and KIRBY,
W. M. M. (1964), Clin. Pharmed. Ther., 5, 26.

STEWART, G. T., ed. (1962), Lancet, ;;, 634.

by copyright.
 on M

ay 23, 2023 by guest. P
rotected

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.40.S

uppl.37 on 1 D
ecem

ber 1964. D
ow

nloaded from
 

http://pmj.bmj.com/


40

VERWVEY, W. F., and WILLIAMS, H. R., Jr. (1963),
Pp. 476-483 in Antimicrobial Agents and Chemo-
therapy-1962. Ann Arbor: Braun-Brumfield,
Inc.

WHITE, A., and VARGA, D. (1961), Arch. intern. Med.,
108, 671.

WHITEHIOUSE, A. C., MORGAN, J. G., SCHUMACHER, J..
and HAMBURGER, M. (1963), Pp. 304-392 in Anti-
microbial Agents and Chemotherapy-1962.
Ann Arbor: Braun-Brumfield, Inc.

WILSON, R., and HAMBURGER, M. (1957), Amer. J.
Med., 22, 437.

PENICILLIN THERAPY IN RELATION
TO CHEST DISEASES

C. A. GREEN
Department of Microbiology

The Royal Victoria Infirmary and the University, Newcastle-upon-Tyne.

THE term chest infection is a wide one and in
one sense there is no need to discuss penicillin
therapy in relation to chest infection. Thus
classical lobar pneumonia is a rarity in hospital
in these days and is regarded by the present
generation of medical students as a clinical
curio. The clinical bacteriologist in his
laboratory has come to regard colonies of
Streptococcus pneumoniae as being of relatively
little importance, since he knows full well that
by the time he has cultured the organism, the
clinician will have treated the patient with some
form of penicillin and that in all probability,
the clinical condition will have resolved. So
much so that an organism alleged to be a
pneumococcus which is resistant to penicillin
would be regarded with suspicion and in fact
it is almost unknown in our laboratory to find
such an organism. Thus therapy for conditions
such as lobar pneumonia presents no problem.
Penicillin G or one of its analogues is given
and rarely does the condition progress to the
classical picture.
Ours is a general hospital which also func-

tions as the teaching hospital for the University
of Newcastle-upon-Tyne. Since 1950 we have
made it our standard practice to examine the
sensitivity of all pathogens isolated, to a
reasonably wide range of antibiotics. From our
records Dr. A. J. Wort has constructed two
tables. In late 1950 and 1951 we did not record
the diagnoses or sources of the organisms which
we isolated and the original requests inevitably
are no longer available.
We are not, therefore, able to show the

pattern of sensitivity at this time in relation to
chest infection. I thought it, however, fair to
make certain deductions from the available
data. Table I shows that in the winter period
1950-1951 we isolated a total of 232

staphylococci and of these 132 (57%) were
designated penicillin resistant. I confess that I
am surprised by this because I would have
thought that penicillin resistance had not be-
come a problem of this magnitude. However,
the comparative figure for a similar number of
organisms studied in 1962 as part of our early
work with orbenin revealed an increase up to
73% penicillin G resistant strains.
More recently in 1957 we introduced the

practice of recording in our sensitivity record
books the diagnoses and an indication of the
source of the organisms which had been
isolated. From that time we have been able to
estimate the incidence of staphylococcal chest
infections. Table II shows the pattern of events
for the period, November-February inclusive
for the past seven years. We have found that
the post-operative chest infection, which is
commonly due to a hospital staphylococcus, is
a serious problem and roughly 80%/, of
these staphylococci are resistant to penicillin G.
This, of course, is not to say that other organ-
isms do not on occasions become involved and
in common with other workers we have found
that Proteus spp. and Ps. pyocyanea are diffi-
cult to control. Nevertheless the staphylococcus
is our chief problem since it appears to be so
easily transferred from one patient to another
and does so easily colonize the nasopharynx
of both patients and staff alike. Many of the
staphylococci which we have considered are
resistant to a wide range of antibiotics, usually
being sensitive only to erythromycin, novo-
biocin and chloramphenicol. Our clinical col-
leagues are not very enthusiastic about using
chloramphenicol and this effectively limits the
choice of antibiotic. The release of methicillin
in 1960 was, therefore, a real advance in
therapy and it rapidly became the drug of
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