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Fig. 2 Isolations of methicillin-resistant Staphylococcus aureus (epidemics associated with them).

siderable fall in the number of isolations of Staph.
aureus associated with sepsis, this decrease being
particularly striking with respect to strains resistant
to two or more antibiotics. The total number of
methicillin-resistant strains isolated showed an
increase during the year 1969. This was attributed to
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Fig. 3 Isolations ofPseudomonas aeruginosa and
Streptococcus pyogenes associated with sepsis.

the introduction of improved methods of detecting
methicillin resistance which coincided with a much
closer surveillance programme. Figure 2 shows total
isolations of methicillin-resistant Staph. aureus and
also indicates when epidemics occurred.

PSEUDOMONAS AERUGINOSA
Figure 3 shows the number of isolations every six-
month period from 1968 to 1971. Most of the
infection until the first half of 1970 was attributable
to catheterization and the use of equipment such as
cystoscopes and ventilators disinfected by inadequate
methods, eg, dry formalin cabinets and containers.
Cases of serious sepsis associated with this organism
included patients with septicaemia: one in 1968, three
in 1969, four in 1970 (two fatal), and one in 1971.
Isolations of Pseudomonas spp. from specimens of
antral washouts were made on several occasions.
Investigations revealed that tap water had been used
for these washouts (Lancet, 1972).
One outbreak of sepsis caused by Pseudomonas

aeruginosa took place in the maternity unit. The
source of this outbreak was contaminated disin-
fectant. Pseudomonas was first isolated from the
infected eye of a premature baby. There followed
three cases ofdeep wound infection five to seven days
after operation in mothers who had undergone lower
segment caesarian section in the same operating
theatre; one of them was the mother of the infected
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infant. The three patients came from different wards
and were under the care of different surgical teams.
On investigation in the theatre, a heavy growth of
Pseudomonas aeruginosa was obtained from a swab
dipped into a glass dish containing 0-5% aqueous
chlorhexidine solution in which suture needles were
kept. The needles were supplied in sterile packets by
the manufacturers but were kept before use in
chlorhexidine. The organism isolated from the three
mothers and from the chlorhexidine belonged to the
same phage and serological type (type 10).

Factors Contributing to Reduction in Infection

Records show also (Fig. 3) that there Ihas been a

marked reduction in infections with Pseudomonas
aeruginosa during the period under review. There are
several factors which have contributed to this.

LIMITING CATHETERIZATION
Early in 1969 an energetic 'campaign' was conducted
to limit catheterization of patients because of the
nearly universal subsequent infection of these
patients with coliforms and Pseudomonas aeruginosa.
Catheterization simply to prevent bed wetting in
elderly patients was discouraged and all catheteri-
zation could be carried out only following a medical
decision and not on the initiative of nurses.

ABANDONING FORMALIN CABINETS

The use of dry formalin vapour cabinets in theatres
for disinfecting cystoscopes was discontinued and
pasteurization carried out instead, using water at
750C (Francis, 1961).

CONTROLLING DISINFECTANT USAGE

In late 1969 a complete review of the hospital use of
disinfectants was undertaken by the infection control
committee with expert advice from the Disinfection
Reference Laboratory, Colindale. As a result the
inappropriate use of some disinfectants and anti-
septics, especially the combination of chorhexidine
and cetrimide, was greatly reduced. It involved such
changes as no longer storing nail brushes in this
antiseptic mixture and ending its routine addition to
cleaning water which incidentally contained an
incompatible detergent and was applied to the floor
with a 'string mop'.

There is evidence to suggest that the inappropriate
use of disinfectants encourages the proliferation of
Pseudomonas aeruginosa in hospitals (Kresky, 1964;
Bassett, 1971; Lowbury, 1971; WhitbyandRampling,
1972; Cooke, Shooter, O'Farrell, and Martin, 1970;
Lancet, 1972) and the more rational use of these
agents in the Central Middlesex Hospital has been

associated with a reduction in the incidence of sepsis
associated with this organism.

EFFICIENT DISINFECTION OF RESPIRATORY
EQUIPMENT
Humidifiers and respirators present problems as
regards their effective disinfection after use by
patients with Pseudomonas and other infections of the
respiratory tract. The less intensive use of such
apparatus, coupled with more thorough cleaning and
treatment with water-saturated formalin vapour in an
enclosed polythene chamber, led to disinfection as
monitored by the laboratory.

Discussion

During 1970 and 1971, the number of isolations of
Staph. aureus, and specially those resistant to
methicillin, was dramatically reduced and this can be
attributed to the control measures that were taken.
The increase in isolation of these organisms in

1969/70 is attributable to improved methods of
detection of methicillin resistance, although reports
of sepsis caused by these strains had been reported
from Central Middlesex Hospital up to six years
earlier (Harding, 1963). It is probable that the true
incidence of sepsis by these strains had been under-
estimated for several years before 1969. That methi-
cillin resistance is of clinical significance and not a
mere laboratory finding is strikingly underlined by
the fact that at least five patients developed sepsis
from methicillin-resistant strains in the period under
review while receiving 500 mg cloxacillin six hourly
(Noone and Griffiths, 1971). The advent of the
infection control nursing officer also helped in the
fuller surveillance and investigation of sepsis and its
causes and no doubt resulted in a greater awareness
of the problems involved.

Figure 2 shows the consumption of penicillins in
this hospital. Methicillin-resistant staphylococci have
been found in large numbers inpopulationswhere this
antibiotic has not been in use (Cetin and Aug, 1962;
Borowski, Kamienski, and Rutecka, 1964; Pal and
Ghosh, 1964) but it has been suggested that its.
isolation is related to penicillin usage. Ampicillin
consumption has steadily increased in this hospital
from 1969 to 1971 while both cloxacillin and benzyl-
penicillin consumption increased in 1970. Some
attempt has been made to limit the use of certain
antibiotics, including cephalosporins, by liaison
between pharmacists and microbiologists, eg, on
being informed of a new prescription for cephalo-
sporins, the bacteriologist would contact the clinician
concerned and discuss the problem, dissuading the
clinician from using the drug unless it was agreed to
be essential. It is worth noting that control of
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staphylococcal and pseudomonas infection seemed
to be achieved in spite of the increased consumption
of antibiotics in 1970.
We believe that three particular features played an

important part in our attempts to control infection
and staphylococcal sepsis in particular.

RECOGNITION OF PROBLEMS

The scale of the problem had to be recognized and
methods for detecting and monitoring sepsis
developed. This was achieved through close sur-
veillance of wards, operating theatres, service
departments, clinical and nursing practice, and
careful control of the provision of sterile and
disinfected equipment. There was also careful
recording and collation of bacteriological informa-
tion. This became possible only through the con-
scientious working of the infection control team of
medical, nursing, and technical staff liaising closely
with each other and with the ward and other
hospital staff.

PREVENTING SPREAD OF INFECTION

Patients with sepsis or those carrying epidemic and/or
multiple antibiotic-resistant strains were isolated by
transference to the Infectious Diseases Hospital or
more often by being barrier nursed in the single bed
cubicle on each ward. The inappropriate use of
systemic antimicrobial chemotherapy, eg, non-
specific prophylaxis before 'clean' surgery was

discouraged while 2% hexachlorophane was used
both as a soap and a cream for treating superficial
infection. Nasal carriers were also treated with 2%
hexachlorophane cream applied to the anterior nares

combined with the concurrent use of 2% hexa-
chlorophane-containing soap (Noone, Griffiths, and
Taylor, 1970).
As in many other hospitals of similar age and

design, isolation facilities are grossly inadequate. The
wards are mostly of the Nightingale type for 25 to 30
patients with one single bed cubicle and one two-bed
cubicle only, usually without separate wash hand
basins. With the cooperation of the clinical staff,
some patients were transferred to the Group
Infectious Diseases Hospital for isolation but this was
often difficult because clinicians claimed that the
prior needs of the patient for specialist treatment
could not be met in the isolation hospital, especially
in respect of surgical patients.
When epidemics could not be prevented by the

above measures, wards were closed to new ad-
missions, emptied, and cleaned (Noone and Griffiths,
1971), while staff and patients were investigated for
carriage of the epidemic organisms. Only after
carriage of epidemic strains of organisms had been
eliminated were staff allowed to return to duty. On a
few occasions patients carrying epidemic strains were
allowed back into cleaned wards but only into single
cubicles with barrier nursing.

Six wards were closed during the period 1968 to

Ward Date Total No. of Principal Types Deaths Other Anti- Phage Type
Isolations Patients of Sepsis Associated biotics to which (RTD)

Affected with Sepsis Strains
Resistant'

1 Geriatric Oct. '68 3 3 Respiratory 1 P, T, E 29/6/47/54/
tract infection 83A/84/81

2 Gynaecological Mar '69 11 7 Wound sepsis/ I P, T, E 29/42E/47/54/
nurse carriers 83A/84/81

3 Maternity Mar '69 4 3 Skin sepsis in 0 P, T, E 29/52/79/80/85
babies/nurse
carrier

4 Acute female surgical AprillDec '69 9 8 Wound sepsis 0 P, T, E 29/6/42E/47/53/
54/83A/84/81

5 Acute male surgical MaylDec '69 8 8 Wound sepsis I P, T, E 29/53/83A/84
6 Neurosurgical Dec '69 6 3 Wound sepsis 1 P, T, E, L, C 53/75/77/85

(including
meningoence-
phalitis)

7 Acute medical Dec '69 3 3 Respiratory 2 P, T 42E/47/53/54/75
sepsis

8 Gastroenterology Jan '70 4 3 Respiratory 2 P, T 42E/47/53/54/75
sepsis

9 Cardiothoracic unit Nov '70 5 5 Respiratory 0 P, T, E 29/6/42E/47/53/
sepsis including 54/83A/84/81
infected drain
of pneumo-
thorax

Table II Epidemics ofsepsis caused by strains of methicillin-resistant Staph. aurcus

'P = benzylpenicillin; T = tetracycline; E = erythromycin; L = lincomycin; C = chloramphenicol
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1970 and in each case sepsis caused by an epidemic
strain of methicillin-resistant Staph. aureus was

ended (see Fig. 2 and Table II).

EDUCATION OF STAFF
Prevention of outbreaks of sepsis was attempted not
merely by the previous two measures of improved
detection and interruption of transmission, including
the elimination of the carriage ofpotential pathogens,
but also by education, ie, by increasing the awareness
of hospital infection and the ways in which it can be
prevented by proper attention to surgical, nursing,
and other techniques amongst medical, nursing, and
other staff.

In 1971, Staph. aureus sepsis came under control
and there were only three instances of infection with
methicillin-resistant strains, includirng an isolation
from a cholecystectomy wound of a patient. It was
discovered that nursing practice in this ward was to
pool all the pieces of gauze and cotton wool swabs
left over from individual dressing packs with the
intention of re-using them without further sterili-
zation. A similar strain of Staph. aureus was isolated
from dressing gauze in the same ward.
Our experiences at Central Middlesex Hospital

indicate quite clearly what can be achieved in terms
of reducing sepsis in a district general hospital with
poor isolation facilities and without an antibiotic
policy, providing bacteriologists and infection
control nurses develop a close working relationship
with the clinical and ward staff.
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