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DISCUSSION
Chairman: A. MANTEN (Utrecht); Participants: P. C. FLEMING (Toronto); M. T.

PARKER (London); K. R. ERIKSEN (Copenhagen); MARY BARBER (London);
G. AYLIFFE (Birmingham); R. SUTHERLAND (Brockham).

Clinical significance of Methicillin-resistant
staphylococci
FLEMING: In Toronto we have for three years
been looking for methicillin-resistant strains.
We have examined 8,000 routine isolates in
our own hospital, and not found them. The
Provincial Health Laboratory have authorised
us to say that they 'have examined 45,000
strains in the 18 months, and not found them.
I have approached each of the major teaching
hospitals in Toronto, with the same result.

This is in line with the lack of reports of
these strains coming from the United States.
During the last three years we have used 95
kilograms of penicillinase-resistant penicillins-
about two cwt.-and about 75%/, of this
has been used by a relatively smali group
of patients in the fibrocystic clinic. About 40
of these fibrocystic patients are on continual
inhalation therapy, of 3 grammes of methicillin
a day; some of them are also, in addition, on
oral cloxacillin. I examine their flora every
month in the vast majority of instances, very
carefully, because I had expected that in this
situation we might find tolerant strains, and so
far we have not seen them.
We have heard a lot to-day about the resis-

tant strains, and this resistance is so far only
laboratory resistance: there has been no clinical
experience of cases treated with methicillin
who have failed to respond, and who have been
described in large enough numbers to make
any observations of clinical importance on the
clinical side. Therefore I suggest that we go
on for the moment referring to them as
methicillin-tolerant strains.
What are the clinical implications? The

results from normal plates with no sodium
chloride added show that the vast majority
of cells are killed very rapidly by relatively
small quantities of methiciillin. Therefore you
might assume that in a patient who was infect-
ed, the staphylococcal load would so be reduced
by therapy that his natural defence mechanisms
might reasonably produce a cure. If one con-
siders the situation, where there is a break-
through of the tolerant strains, Mary Barber
and many others have pointed out that these
strains are different from their parent strains
in that they grow more slowly and have a

different colonial appearance. It might then
be reasonable to think that, if you compare
their virulence with their parent strain, the
virulence might be less.
However, because an organism has less

virulence does not mean that it cannot be
pathogenic. For example, Staphylococcus
albus can be pathogenic on a heart valve, it
can be pathogenic in patients with leukaemia
or other impairment of the host defence
mechanisms. I think it is against this back-
ground that we must consider the scanty
clinical information which we have.
Assuming that these strains do break

through, do you stop the methicillin? I sug-
gest this is the wrong thing to do as the
strains should revert back to the more normal
and therefore more virulent form. It would
probably be more correct to add another
antibiotic.
The only clinical information we have to go

on are the two cases described in the literature
by Dr. Stewart, and another one by Dr. Hard-
ing. They are clearly just not enough, because
we do not know fully about the host responses,
and in some of these cases we do not know
the full clinical details. We have only reached
the situation where we cannot talk about
methicillin-resistant strains in a clinical sense,
but only about methicillin-tolerant strains in a
laboratory sense.
As Mary Barber has pointed out, all these

strains will grow apparently normally on the
plate if you add some sodium chloride. Per-
haps we should not think of pencillin as being
primarily bactericidal, but rather primarily as
interfering with the cell-wall formation, and
that it is the environment which is bactericidal
-in the case of the laboratory, it is the tonicity
of the broth, and in the case of the human we
do not really know what is the bactericidal
factor. It may welll be that L-forms and proto-
plasts are formed, and the body has a special
mechanism for getting rid of this type of
micro-organism; this would fit in with cases
where one might have expected a response but
do not necessarily find one.

It is quite clear that these strains were in
existence long before methicillin was produced.
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I would like to ask Dr. Parker if any of
these strains are neomycin-resistant. I am
merely wondering what the selective factor is-
if the habit of using Naseptin cream could be
causing selection of neomycin-resistant strains,
which perhaps also happen to be examples
of these naturalily-occurring methicillin-resis-
tant strains?

PARKER: Neomycin resistance is, in our
experience, almost entirely confined to the
"new" untypable members of phage-group III.
Some of these organisms are indeed methicillin
resistant, but so are many strains in which
neomycin-resistance has not yet become com-
mon, so there is no suggestion of a significant
link-up here.

ERIKSEN: All our methicillin-resistant strains
have been neomycin-sensitive, and the reason
they were selected in our research department
was because they were tetracycline-resistant.

BARBER: In one particu(lar case Dr. Fleming
did, I think, misquote, when he suggested I had
said these methicillin-tolerant organisms were
less virulent than are methicillin-sensitive cul-
tures. That is not the case. One of the
interesting things with methicillin is that the
methicillin-tolerant culture in the absence of
methicillin appears to be a fully virulent
staphylococcus.

ELEK: I believe Professor Barber was respons-
ible for introducing the terminology of resistant
and tolerant staphylococci. A point she made
was that these tolerant organisms are as virulent
as the parent. She left out the words "to mice".
There is no agreed method of establishing the
virulence of organisms at the present moment.
Some people accept mouse virulence; others
accept virulence to man, and yet others have an
even more composite concept of what virulence
means. It seems to me that Dr. Parker's
evidence is very valuable in that respect.

If we assumne that these tolerant organisms
are in fact virulent, we could reasonably assume
that in the course of four years they would
increase in numbers, as far as clinical infections
are concerned; and that does not seem to be the
case.
The other point Professor Barber has made

is fascinating. The fact that she has bio-
chemical mutants which have a partial sus-
ceptibility to methicillin very strongly suggests
that there are at least two mechanisms in cell-
wall formation. What she did not say again

was that she must have worked with first-stage
mutants, because the first-stage mutant may be
very different from the original wild strain.
What appears to be the case is that these
organisms are capable of manufacturing some
cell[wall, but not enough cell-wall under normal
circumstances. I think as a fundamental ob-
servation this must be very interesting indeed,
and I hope Professor Barber will foHow it up.

AYLIFFE: In view of the lack of clinical
evidence, or very little, on the treatment of
methicillin-resistant infections with methicillin,
I might mention some mouse experiments that
were done on this subject.
Mice were infected by intraperitoneal injec-

tion with a methicillin-resistant staphylococcus,
and another group with a sensitive strain. These
mice were then treated with methicillin or
cloxacillin, in doses of 100 mg. per kg. daily
given in two doses for the first three days.
The results were that the mortality in the mice
infected with the methicillin-resistant strain
was the same, both in the treated and in the
untreated mice, both for methicillin and cloxa-
cillin; whereas with the sensitive strain mor-
tality was much lower in the treated mice.

Assessment of resistance to methicillin

SUTHERLAND: I would like to stress the very
great variation seen in sensitivity tests with
naturally occurring strains of methicillin-resist-
ant staphylococci. The results shown in Table I
are representative of those seen in tests
in our laboratories. I would suggest that Dr.
Parker, in using a concentration of 12.5 ,ug./ml.
with an incubation period of 18 hours, may
have missed a certain number of these resistant
strains. We would consider it essential to
incubate for a period of 48 hours.

This variation in sensitivity with inoculum
size and incubation period is anallogous to that
seen with penicillin G and penicillinase-produc-
ing staphylococci but, with methicillin-resistant
strains, resistance to methicillin is not due to
destruction of the antibiotic. It is our ex-
perience that these strains produce very little
destruction of methicillin and we have been
unable to confirm destruction of metihicillin
as extensive as that reported.
Our interpretation of the resuilts shown in

the table is that these cultures consist of mixed
populations in which the majority of celils are
of normal sensitivity to methicillin, with a
minority showing resistance. This is demon-
strated in Figure 1. The figure on the left hand
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TABLE I

Effect of Incubation Period and Inoculum Size on the
Sensitivity to Methicillin of Naturally Occurring
Methicillin-Resistant Strains of Staphylococcus

aureus.

Minimal inhibitory concentration
(g. /ml.)

Inoculum* 24 hours 48 hours
undiluted 5.0-25 500
1/100,000 2.5-5.0 5.0-12.5

*Inoculum, one drop of an overnight broth culture
diluted as specified.

side shows the effect of varying concentrations
of methicillin on a naturally occurring methicil-
lin-resistant strain of staphylococcus. It can
be seen that a concentration of 5 [ug./ml. of
methicillin had little effect on growth of the
organism, while at a concentration of 10 ug./
ml. there was a marked bactericidal effect for
seven hours, but thereafter the culture grew so
that at 24 hours growth was equal -to that in
the drug-free medium. With the concentration
of 20 ,ug./ml. there was again a marked bacteri-
cidal effect over seven hours after which there
was an increase in growth. After 24 hours the
growth was less than that in the drug-free
medium, but at 48 hours there was complete
growth. If a sample is taken from the 48 hour
growth in the tube containing 20 ,ug./ml.
methicillin and inoculated into a fresh series
of tubes containing methicillin, the growth
curves obtained are as shown in the second
figure. It can be seen that even at the upper
concentration growth was almost as rapid as
in the drug-free tube, although growth in the
drug-free medium was not as rapid as that seen
with the parent naturally occurring methicillin-
resistant strain. Thus, after one transfer in
methicillin a resistant variant has been selected
from the original culture which comprised a
mixed population of cells.

This is further illustrated in Figure 2. There
are two parameters, firstly, drug concentration
and, secondly, medium. The plates contain
graded concentrations of methicillin, those on
the left containing 100 Ug./ml. methicililin, the
next 50 ptg./ml., the next 25 tg./ml., and the
plates on the right hand side 12.5 ,ug./ml.
methicillin. Plates in the upper row contain
nutrient agar, and in the lower row, nutrient
agar containing 5%/, sodium chloride. The
upper half of each plate was inoculated with
a series of dilutions of a naturally occurring
methicillin-resistant strain of staphylococcus.
The drop on the left hand side was undiluted

overnight broth culture and would comprise an

inoculum of approximately one million cells.
The drop in the -middle was a 1/1,000 dilution
of this culture, and that on the right hand side
a 1/100,000 dilution. The plates were incubat-
ed for 48 hours. After this period, growth on
plates containing 12.5 p.g./ml. of methicillin
was the same as that seen on the drug-free
control plate, which is not shown here. At a
concentration of 25 ug./ml. methicillin, how-
ever, the inocula diluted 1 /1,000 and 1 /100,000
failed to grow and only the undiluted inoculum
shows growth on this plate. Likewise, at a
concentration of 50 tug./ml. methicillin only the
undiluted inoculum grew, this time with a
certain reduction in growth and at 100 zg./ml.
methicillin only a few isolated, and in some
cases, small colonies, grew. This illustrates the
nature of the mixed population of the naturally
occurring methicil(lin-resistant strain. If now
one transfers cells growing on the plate con-
taining 100 ,ag./ml. methicillin into drug-free
broth, and after overnight incubation uses this
as an inocuilum in a similar test, the results
obtained are shown on the lower half of each
plate. It can be seen there was uniform growth
on all plates with alil three inocula, illustrating
the uniform resistance of this methicillin-resist-
ant fraction.
The results of some experiments with electro-

lytes are also illustrated in Figure 2 where the
plates in the lower row contain nutrient agar
plus 50/1 sodium chloride. With a concentra-
tion of 12.5 ytg./ml. methicilllin, there was good
growth of all inocula, the growth was, in fact,
rather better than that seen on the correspond-
ing plate containing nutrient agar. Moreover,
at a concentration of 25 ,ug./ml. methicillin, all
three inocula grew, unlike the growth on nutri-
ent agar where only the undiluted inoculum
grew. However, with a concentration of 50
,ug./ml. methicillin only the undiluted inoculum
grew and at 100 ,ug./ml. methicillin only a
small number of isolated colonies could be seen.
Thus, in our experiments, the addition of 5%1,
sodium chloride increased the growth of methi-
cillin-resistant staphylococci in the presence of
methicillin only over a limited range of con-
centrations. The effect of electrolytes on the
growth of methicillin-resistant staphylococci is
a very interesting phenomenon but its signific-
ance is still to be wholly determined.

It is possible, however, that the phenomenon
may have an application in sensitivity testing.
As Dr. Parker has illustrated, routine sensitivity
testing of these strains with antibiotic sensitivity
discs is very misleading. Some of our results
with sensitivity discs are shown in Figure 3
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FIG. 1.-The effect of methicillin on the viable count of methicillin-resistant staphylococci.
(a) naturally occurring methicillin-resistant strain *, drug-free medium; 0, 5 pg./ml.;
A, 10 gug./ml.; fZ, 20
(b) methicillin-resistant fraction isolated from (a) 0, drug-free medium; 0, 10 ,ug./ml.;
A 40,g./ml. methicillin.

This figure is reproduced by kind permission of the Editor of the Journal of Bacteriology

I 11iIAM.........
.
/I-IEX

......Mi1i/

- 1
..........

FIG. 2.-The effects of electrolytes on the action of methicillin against methicillin-resistant
staphylococci.
From left to right the plates contain 100 ,ug./ml., 50 ,ug./ml., 25 jug./ml. and 12.5 jug./ml.
methicillin, respectively.
Upper row, nutrient agar. Lower row, nutrient agar + 5% sodium chloride.
The upper half of each plate has been inoculated with an undiluted, a 1/1,000 dilution
and a 1/100,000 dilution of an overnight broth culture of a naturally occurring
methicillin-resistant staphylococcus.
The lower half of each plate has been inoculated with similar dilutions of a methicillin-
fraction isolated from the strain shown in the upper half.
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FIG. 3.-Antibiotic-sensitivity disc tests with naturally occurring methicillin-resistant staphylococci.

Discs contain 10 ug. methicillin or 5 Ag. cloxacillin, (in upper two plates,
disc on right-hand side of plate contains 5 jg. benzylpenicillin).

by copyright.
 on M

ay 17, 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.186 on 1 D
ecem

ber 1964. D
ow

nloaded from
 

http://pmj.bmj.com/


191

5,
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F'IG. 4.-Effects of electrolytes on the results of antibiotic-sensitivity disc tests with methicillin-
resistant staphylococci.
Dishes on the left-hand side have been inoculated with a penicillinase-producing, methicil-
lin-sensitive strain of Staph. aureus, and those on the right-hand side with a naturally
occurring methicillin-resistant staphylococcus.
Discs on the left-hand side of each plate contain 10 ,g. methicillin and those on the right-
hand side, 5 ug. cloxacillin.
Dishes 1, 2, 3, and 4 contain agar. Dishes 5 and 6 contain nutrient agar + 5% sodium
chloride. Dishes 7 and 8 contain mannitol-salt agar.
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where it can be seen that the variation demon-
strated in M.I.C. tests occurs also in sensitivity
disc tests. Thus, with a light inoculum of cells,
large zones of sensitivity can be seen with the
methicillin and cloxacillin discs, and there is
no doubt that any worker would report these
strains as being sensitive to these penicillins.
Even with the undiluted inocula fairly large
zones of sensitivity can be seen with some
staphylococci, although with other strains the
zones are indeed very small and these latter
strains would be classified as being resistant.
With some strains, resistant colonies may be
seen within a zone of inhibition after 24 hours,
but other strains require 48 hours incubation.
T'herefore, we would recommend a test in which
broth or agar containing a concentration of 12.5
or 20 ug./ml. of methicillin was inoculated
with the test organism and incubated for a
period of 48 hours. In our experience, all
methicillin-sensitive staphylococci are inhibited
by these concentrations over this period of time,
hut alil naturally occurring strains of methicillin-
resistant staphyilococci will grow.

However, as in clinical practice the results
of laboratory tests are required as rapidly as
possible the following test might be more satis-

factory from a clinical point of view. Figure 4
shows the results of disc sensitivity tests on
agar containing electrolytes. The plates on the
left hand side of the slide have been inoculated
with a penicillinase-producing staphylococcus
sensitive to methicitllin, and those on the right
with a naturally occurring methicillin-resistant
strain of staphylococcus. The upper four plates
contain nutrient agar and illustrate the effect
of inoculum size. The plates in the third row
from the top contain nutrient agar plus 5°/,
sodium chloride, and it can be seen that in this
case the resistant colonies in the methicillin-
resistant culture have grown up to the edge
of the disc containing 10 ,ug. of methicihllin.
The effect with the cloxacillin discs (5 pjg.) is
not so obvious. but there are usually quite a
large number of resistant colonies growing up
within the inhilbition zone after 24 hours. The
plates at the bottom contain mannitol sa(lt agar
(Chapman agar), a selective medium often used
for isolating staphylococci, and again it can be
seen that the naturally occurring methicilhlin-
resistant staphylococci appear to be resistant
to the disc containing 10 ,ug. of methicillin. It
is possible that this test, or an adaptation of it,
may be suitable for the routine testing of strains
of staphylococci for sensitivity to methicillin.
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