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Table 2  Antibiotic resistance and phage patterns in
strains of Staph. aureus

Antibiotic resistance pattern* Phage pattern
PTENLF 84/77
PTEN 6/47/53/54/77
PTEN 84/85
PTEF 84/77/83A
PTEFL 84/54/77
TEF NoK 80

1P = penicillin; T = tetracycline; E = erythromycin; N = neomycin;
L = lincomycin; No = novobiocin; and F = fusidic acid

Table 3 Carriage of multiple-resistant strains of
Staph. aureus before and after admission to hospital
(nose or skin)

Number of Multiresistant Number of Number of
patients Staph. aureus patients patients losing
present on acquiring multi-  multiresistant
admission resistant Staph. aureus
Staph. aureus
115 25 38 9

Table 3 shows that over 209 of patients carried
multiple-resistant strains (ie, resistant to two or
more antibiotics) on admission to hospital. These
were similar in sensitivity pattern to those present
in other patients when discharged (eg, five patients,
on admission, carried strains resistant to P, T, E, F,
and N, and two carried strains which were also resis-
tant to lincomycin). Most of these patients had
attended the outpatients department, and there was
no evidence from case notes that any had been
treated with fusidic acid. Seven of the patients had
been treated with topical chlortetracycline and three
with erythromycin at some time during the past
few years. One of the patients with atopic eczema
and carrying a strain resistant to P, T, E, L, and N
had been treated with chlortetracycline, tetracycline
(two courses), lincomycin (three courses), topical
neomycin and gentamicin, cephalexin, and cloxa-
cillin during a 10-year period. No information was

available on the treatment given to most of the
patients by general practitioners.

BURNS WARDS

Table 4 shows the proportion of strains of Staph.
aureus isolated from burns in the Birmingham
Burns Unit in the same years as those represented in
the study on dermatology wards. The data are not
strictly comparable with those in Table 1 because
Staph. aureus was isolated from a larger proportion
of burns in the Burns Unit than from noses of
patients in the dermatology wards, and also because
the data presented in Table 4 show repeated isola-
tions from many burns. The incidence of resistance
to penicillin, tetracycline, erythromycin, and neo-
mycin/kanamycin was high in all years, although
neomycin resistance declined a little after the
withdrawal of that antibiotic in 1972 (Lowbury
et al., 1972). In contrast with the findings in the
dermatology wards, resistance to fusidic acid was
low, but resistance to methicillin was high. There
was a rising incidence of novobiocin and lincomycin
resistance. Most of the staphylococci showed patterns
of multiple-resistance.

The number of strains resistant to an antibiotic
in the ward is not necessarily proportional to the
amount of the antibiotic used, for frequent use of one
antibiotic may exert a selection pressure favouring
strains resistant to that antibiotic and to others that
are not in use or rarely used. Erythromycin has been
used more than other antibiotics in the Burns Unit
since 1974; for example, in the three months from
September to November 1975, the numbers of
patients treated with antibiotics were as follows:
erythromycin 90, flucloxacillin 6, ampicillin 2,
amoxycillin 1, fusidic acid 2, gentamicin 2, and
co-trimoxazole 1; no patients received cephalo-
sporins, lincomycin (or clindamycin), neomycin
(or kanamycin), novobiocin, or tetracyclines. These
patterns have not changed much since 1974 when

Table 4 Antibiotic resistance of Staph. aureus isolated from burns

Antibiotic Percentage of strains resistant

1967 1970 1971 1972 1973 1974 1975
Penicillin 917 877 81-6 87-7 885 884 955
Tetracycline 522 479 82-1 759 69-1 72-3 791
Erythromycin 701 80-2 91-6 781 750 779 80-7
Novobiocin 0-02 79 195 660 238 429 62-7
Chloramphenicol 0-02 —_— — — — — —_
Neomycin/kanamycin 64-0 794 90-2 696 3C-4 29-6 611

.71

Methicillin 3981 @4 244 237,} 24 401 556
Fusidic acid 0 0-28 0-34 1-7 2-1 1-3 2-1
Lincomycin 0 20-4 739 65- 247 433 663
Number of strains tested 6415 6000 9325 4961 6988 4265 5546

1Tests at 37°C on ditch plates
2Tests at 30°C on ditch plates
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erythromycin replaced cloxacillin as the antibiotic
used for prophylaxis against Clostridium tetani in
the non-immune and against Streptococcus pyogenes
in the Burns Unit. It seems probable that erythromy-
cin (and previously flucloxacillin or cloxacillin)
exerted a selection pressure maintaining a high
incidence of resistance to kanamycin and methi-
cillin and to their analogues and also to novobiocin
and lincomycin when these were associated (as they
usually were) with erythromycin or methicillin
resistance.

The numbers of Staph. aureus in 100 consecutive
isolates from the noses of members of the general
community that were resistant to these antibiotics
in 1973 were as follows: penicillin 42, tetracycline 5,
erythomycin 4, methicillin 1, kanamycin 1; no
strain was resistant to novobiocin, fusidic acid or
lincomycin. Apart from strains resistant to peni-
cillin, the incidence of resistance to antibiotics was
low or inapparent.

Discussion

Staphylococcal cross-infection occurs commonly in
dermatological wards (Selwyn, 1965; Wilson et al.,
1971), but the clinical effects are usually mild.
Topical antibiotics, especially neomycin, are widely
used and are often prescribed routinely with a
steroid (Smith ez al, 1975). Although attempts
have been made to restrict the use of neomycin and
fusidic acid, resistant strains have remained common.
The group A haemolytic streptococcus, which is
relatively resistant to these antibiotics, is also
commonly isolated when they are used topically.
Because 209, of patients admitted to hospital were
found to carry multiple-resistant Staph. aureus,
eradication has proved to be difficult. When the
hospital was closed for several weeks in 1972,
10/77 (13%) of the staff were carrying strains re-
sistant to fusidic acid. These were treated with a
gentamicin/chlorhexidine ointment (a method rarely
used today because of the recognized hazard of
gentamicin resistance), and the wards were cleaned
before being opened. Despite a restriction in the
use of topical fusidic acid, the number of patients
carrying fusidic acid resistant strains in the nose or
on the skin increased from 3/60 (5%) to 15/113
(13%) in two months. This was apparently due to
cross-infection after readmission of a carrier. More
evidence is required to determine whether these
multiple-resistant strains emerge during treatment at
home, or whether cross-infection in outpatients is the
main route. Cross-infection seems to be the more
likely, as these strains are rarely isolated in the gen-
eral population, but, if this is true, cross-infection
must have occurred very quickly in some patients.

Most of the patients had not previously been in-
patients.

The wide range of antibiotic resistance patterns
with similar phage patterns suggests that transfer
of plasmids may also occur (Ayliffe, 1970; Lacey,
1975). These highly resistant strains frequently
colonize the nose and skin of patients without
causing any obvious clinical lesions. However,
such a patient may be a heavy disperser and re-
sponsible for widespread cross-infection in a surgical
or maternity ward. Patients with skin disease
admitted to acute surgical wards should be screened
for carriage and isolated in a single room until
bacteriologically clear. It must be stressed that this
is to protect other patients, and that the risk to
family, friends, or hospital staff is negligible. It
seems likely that many of the strains resistant to
neomycin, lincomycin, or fusidic acid found in
general hospitals were originally acquired from the
skin lesions of patients in dermatology wards. An
outbreak of gentamicin (and tobramycin)-resistant
Staph. aureus involving three hospitals has been
reported recently (Speller et al., 1976) and about
half of the infected patients were treated with sys-
temic tobramycin or gentamicin. Another smaller
outbreak of gentamicin-resistant staphylococcal
infection has occurred in Birmingham (Bint,
personal communication). The use of topical
gentamicin is particularly likely to cause an in-
creased incidence of gentamicin-resistant strains
within the next few years. Of some interest was the
small number of strains of staphylococci resistant
to methicillin (or cloxacillin) and chloramphenicol.
This is presumably due to the infrequent use of
these antibiotics in dermatology wards; however,
in surveys of general hospitals in the Birmingham
Region, the incidence of methicillin-resistant strains
has dropped from 2-49; in 1970 to 0-4%{ in 1973-74,
although the use of these antibiotics has remained
unchanged.

Like skin lesions, burns are very prone to colo-
nization with Staph. aureus, which usually causes
no obvious pathological effects, although in severely
burned patients it may cause invasive infection.
The pattern of resistance of burn staphylococci was
similar, in some respects, to that of staphylococci
from skin lesions and from the nares of patients
in the dermatology wards; there was a high incidence
of multiple resistance and a very large proportion of
the strains were resistant to penicillin, tetracyline,
and erythromycin, the last reflecting a long-standing
use of erythromycin in the treatment of streptococcal
infection and more recent use in prophylaxis
against Strep. pyogenes and also against tetanus in
non-immune patients. The low incidence of fusidic
acid resistance and the high incidence of methicillin/
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cloxacillin resistance reflect the rare use of the
former and the frequent use (until 1974) of the
latter; the persistence of a high level of methicillin/
cloxacillin resistance in spite of the great reduction
in use of these antibiotics in the Unit in 1974 is
probably due to selection pressure by erythromycin
therapy favouring strains with linked resistance to
erythromycin and methicillin. Similar associated
resistance to erythromycin and to methicillin may
be the cause of the emergence and persistence of a
high proportion of novobiocin-resistant and
lincomycin-resistant strains, in spite of the fact
that these antibiotics were not being used, and the
persistence of a rather high incidence of neomycin-
resistance after withdrawal of neomycin and
kanamycin in 1972.

Eradication of resistant strains from dermatology
units is difficult for reasons already mentioned, but
a complete restriction on the use of certain anti-
biotics, for example, fusidic acid and gentamicin,
may eventually be effective. In general hospital
wards, cross-infection can be more -effectively
controlled than in dermatology wards, but patients
with skin diseases can be kept in special units where
the clinical results of cross-infection are less hazard-
ous.

In burns units, cross-infection ensures a con-
tinuing high incidence of multiresistant staphylo-
cocci, but as operation wounds are more likely to
develop sepsis as the result of such colonization than
are burn wounds, it is desirable that patients with
burns should be treated in special units; if they are
treated in general surgical wards, they should be
nursed in separate rooms under source isolation to
prevent the transfer of their bacteria to other
patients in the ward (Lowbury et al., 1975).

We wish to thank the clinicians, nursing staff, and
general practitioners for their cooperation. We also
wish to thank Mrs J. Varney, SRN (Infection
Control/Research Sister), Mr H. A. Lilly, FIMLS,
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Research Council Industrial Injuries and Burns
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