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aureus in a non-hospital population during a
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syNopsis The antibiotic resistance of Staphylococcus aureus isolated in Bristol from primary skin
sepsis and nasal carriers outside hospital was recorded between 1949 and 1969. The proportion of
penicillinase-forming strains rose to about 609, but resistance to other antibiotics remained un-
common except for a peak about 1957, due to the spread of multiresistant phage-type 80 staphy-
lococci. Reasons are discussed for the failure of other multiresistant staphylococci to increase
outside hospital.

Recently isolated strains from inside and outside hospital were tested with sulphonamide and
trimethoprim. All were sensitive to trimethoprim but 5 % of non-hospital strains and 40 9; of hospital
strains were resistant to sulphonamide. It is suggested that sulphonamide-resistant staphylococcal
infections should not be treated with sulphonamide-trimethoprim mixtures because of the risk of
breeding trimethoprim-resistant strains.

Most hospital staphylococci have been resistant to to the Bristol Maternity Hospital. Strains from
penicillin for a long time and many have become primary septic lesions of skin and subcutaneous
resistant to other antibiotics also. The incidence of tissues were isolated in the casualty department.
penicillin resistance among staphylococci isolated Antibiotic sensitivity was tested by a disc method
outside hospitals has increased much more slowly with the Oxford staphylococcus (NCTC 6571) as a
but recent reports show that half or more of these control. Before 1960 strains were tested against
strains are now penicillinase producers (Fallon, 1968;  benzylpenicillin, streptomycin, tetracycline, and
Price, O’Grady, Shooter, and Weaver, 1968). The chloramphenicol. Subsequently neomycin and ery-
incidence of resistance to other drugs among non- thromycin discs were added and chloramphenicol
hospital staphylococci has been less fully docu- was omitted. Strains from lesions collected in part
mented, but experience in Bristol and elsewhere of 1969 and in January 1970 were tested also with
suggests that it is still low (Price et al, 1968). discs containing sulphamethoxazole 50 ug and

In this paper we record changes in antibiotic trimethoprim 2-5 ug separately and together; in
resistance of coagulase-positive staphylococci iso- Oxoid sensitivity test agar with 759, lysed horse
lated from the non-hospital population of Bristol blood; and with methicillin discs (10 ug) on nutrient
between 1949 and 1969. Recently isolated strains agar at 30°C (Annear, 1968) or for a few strains salt
were also tested with trimethoprim and sulphon- agar (Churcher, 1968). Hospital strains from various
amide as well as with antibiotics, and their sensitivity lesions, isolated during the same period, were tested
patterns were compared with recent hospital strains.  similarly.

Materials and Methods Results

Coagulase-positive staphylococci from nasal carriers  The level of penicillin resistance stayed below 57%;
were isolated periodically in the casualty depart- until 1952 then rose to 129, by 1955 (Figure).
ment of the Bristol Royal Infirmary, in a general (Several years previously most hospital strains were
practice, and from patients on the day of admission already penicillin-resistant (Clarke, Dalgleish, and
Received for publication 18 June 1970. Gillespie, 1952) and many were multiresistant.)
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Fig. Percentage of multiresistant strains from nasal isolates and from those from lesions.

After 1954 the percentage of penicillin resistance
increased rapidly among strains from lesions. This
sharp increase was largely attributable to the spread
of phage-type 80 staphylococci from hospitals (see
below). Among nasal strains, the percentage of
penicillin resistance increased more slowly but by
1967 it exceeded 509, a figure that did not differ
materially from that of the strains isolated from
lesions.

Resistance to other antibiotics in addition to
penicillin (multiresistance) was first observed in
lesion strains after 1954 and rose sharply to a peak
of 169 in 1957. All but one of the multiresistant
strains examined during this period belonged to
phage type 80 and were resistant to penicillin,
streptomycin, and tetracycline. Similar strains had
recently caused much sepsis among inpatients in
Bristol. Many infections also occurred in patients
after discharge from hospital and in their close
contacts, and were treated in the casualty depart-
ment (Gillespie and Alder, 1957; Corner, Crowther,
and Eades, 1960). The percentage of multiresistant
strains among nasal isolates rose more slowly but
by 1967 it became equal to the proportion in lesion
strains which by then had fallen below 109 (Figure).

The resistance to several antibiotics of recently
isolated hospital and non-hospital staphylococci in
4

Bristol is shown in Table I. Although the number of
strains tested is small, it seems that methicillin
resistance is still uncommon, even in hospital.

In Hospital Outside Hospital

Number tested 43 91
Number resistant to

Penicillin 36 55

Streptomycin 21 2

Tetracycline 23 3

Erythromycin 8 2

Neomycin 6 1

Methicillin — ot

Table I Antibiotic resistance of hospital and non-hospital
Staph. aureus in 1969

'Forty-three non-hospital isolates were tested for methicillin resist-
ance; these included all the multiresistant strains. A further 85 multi-
resistant strains, including 70 from inpatients, were examined before
30 June 1970. Only one, from an inpatient, was methicillin resistant.

SULPHONAMIDE AND TRIMETHOPRIM
By inhibiting successive stages in bacterial meta-
bolism these drugs, when administered simul-
taneously, have an enhanced action on bacteria that
are sensitive to each drug separately. But if used to
treat infections by strains that are already resistant
to one of the drugs the combination will be less
effective and there will be some danger of breeding
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No. of No. of Strains Resistant to:

Strains

Tested Sulph ide Trimethoprim  Sulph ide +
Trimethoprim

Non-hospital 115 6 (5%) 0 0

Hospital 53 21 (40%) 0 0

Table II Resistance to sulphonamide and trimethoprim
of hospital and non-hospital Staph. aureus in 1969 and 1970

resistance to the other drug. Table II shows that
these considerations apply to staphylococci. None
were resistant to trimethoprim but 409, of the
hospital strains and 5% of the non-hospital ones
were sulphonamide-resistant.

Discussion

Most staphylococci isolated from the general
population of Bristol now produce penicillinase.
The proportion of penicillinase-producing strains is
apparently even greater in some other centres, for
example, Glasgow (Fallon, 1968). But it is not
certain how many strains form enough penicillinase
to render infections clinically resistant to treatment
with large doses of benzylpenicillin. Richmond,
Parker, Jevons, and John (1964) found that the
ability to form large amounts of penicillinase was
closely associated with resistance to other anti-
biotics. Such strains are uncommon outside hospital
(Price et al, 1968). These authors found that the
response of superficial septic lesions in outpatients
to treatment with penicillin was similar, whether or
not the staphylococci produced penicillinase. An
alternative explanation for these results was that
antibiotic treatment may not materially influence the
course of superficial infections. In any case, it would
be unwise to rely on benzylpenicillin for the treat-
ment of dangerous staphylococcal infections, eg,
osteomyelitis, unless it were known that the organism
did not produce any penicillinase. Moreover, the
state of affairs observed by Richmond et al in 1964
may not continue indefinitely nor exist in all dis-
tricts. The proportion of strong penicillinase
producers among non-hospital staphylococci should
be reviewed from time to time.

The failure of multiresistant staphylococci (with
the notable exception of the type 80 strains) to
increase much outside the hospital was in striking
contrast to their behaviour inside it. Fallon (1969,
personal communication) reports similar findings in
Glasgow. The difference cannot be explained by
differences in the proportions of the several anti-
biotics used inside and outside hospital but may be
due to genetic changes that accompany the acquisi-
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tion of drug resistance by staphylococci. These
changes may be disadvantageous to resistant
organisms outside hospital where they seldom come
into contact with antibiotics. Carriage of some of the
plasmids mediating penicillinase production dimin-
ishes the growth of staphylococcal colonies (Rich-
mond, 1968). Some multiresistant staphylococci
belonging to phage group III do not colonize noses
as efficiently as other staphylococci (Thompson and
Gillespie, 1958). Lacey, Alder and Gillespie (1970)
found that group III strains, many of which were
multiresistant and commonly found in hospital,
were killed by desiccation more quickly than other
strains. Hence although they flourish in moist and
infected lesions in hospital they may not survive
well in the nostrils and dry skin of healthy people
outside. It should be noted, however, that Jessen,
Rosendal, Biilow, Faber, and Eriksen (1969) report
a recent increase of staphylococci resistant to drugs
other than penicillin in bacteraemia contracted out-
side hospital in Denmark. Strains from other non-
hospital sources in Denmark did not show a similar
increase.

The value of sulphonamide with trimethoprim in
treating staphylococcal sepsis has not yet been fully
assessed, but the existence of a few sulphonamide-
resistant staphylococci outside hospital, and a large
number in hospital, argues the need for caution in
treating staphylococcal infections until the sensi-
tivity of the organism to both drugs has been ascer-
tained. Widespread use of the combination to treat
infections by sulphonamide-resistant staphylococci,
or other infections in carriers of such staphylococci,
might provoke the development of resistance to
trimethoprim. As always, new drugs should be
employed judiciously, especially against staphy-
lococci which so often before have developed resist-
ance to other agents.
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