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Abstract

Two hundred and thirty-two strains of Escherichia coli
belonging to infantile enteropathogenic serotypes iso-
lated in the United Kingdom during 1980 and 1981 were

tested for resistance to 10 antimicrobial drugs. Resistance
to one or more drugs was found in 134 (57-8%) of the
strains, with resistance to sulphonamides, streptomycin,
tetracycline, and ampicillin occurring most commonly.
Resistance was transferable in 65 out of 104 resistant
strains.
These findings are a cause for concern because they

indicate that the choice of treatment for severe illness
is limited and suggest that a large pool of drug-resistant
organisms exists in the community.

Introduction

Severe outbreaks of infantile enteritis due to enteropathogenic
Escherichia coli have occurred in Europe and the United States.
Such outbreaks, however, have rarely been reported during the
past 10 years: sporadic cases continue to occur, but it is often
difficult to assess the importance of enteropathogenic E coli
isolated from the stools. The increasing problem of multiple
transferable drug resistance among Salmonella and Shigella has
been well documented recently, but statistics for E coli are not
available.' As part of a continuous surveillance of drug resistance
in the Enterobacteriaceae we have studied a sample of strains of
enteropathogenic E coli isolated in the United Kingdom.

Methods

Bacterial strains-We examined 232 strains of E coli-isolated in the
United Kingdom during 1980-1 from the faeces of infants under 3
years old. The patients were epidemiologically unrelated, where out-
breaks had occurred only one isolate from each outbreak was included.
One hundred and sixty-nine infants had diarrhoea while 24 did not
have diarrhoea; in 39 cases this information was not received. The
strains belonged to recognised enteropathogenic E coli serogroups:

018ac (34 strains), 026 (28), 044 (7), 055 (18), 086 (16), 0111 (20),
0114 (15), 0119 (8), 0125 (13), 0126 (15), 0127 (13), 0128 (41), and
0142 (4).
Drug resistance tests-Initial screening for resistance to ampicillin

(A), chloramphenicol (C), gentamicin (G), neomycin/kanamycin (K),
streptomycin (S), and tetracyclines (T) was performed by a diffusion
method.2 Strains found to be resistant by this method were further
tested by an agar dilution method.3 Resistance to sulphonamides (Su),
trimethoprim (Tm), furazolidone (Fu), and nalidixic acid (Nx) was

also tested by the agar dilution method. The drug concentrations used
in the agar dilution tests are shown in the table.

Transfer and mobilisation of drug resistance-One hundred and four
resistant strains were tested for transfer of drug resistance using a

Division of Enteric Pathogens, Central Public Health Laboratory,
London NW9 5HT

R J GROSS, MA, MSC, principal microbiologist
LINDA R WARD, BSC, principal microbiologist
E J THRELFALL, BSC, PHD, principal microbiologist
HILARY KING, medical laboratory scientific officer
B ROWE, MB, FRCPATH, director

nalidixic-acid-resistant strain of E coli K12, F-lac+ (strain No
14R525), as the recipient.4 If no direct transfer was detected mobilisa-
tion of resistance was attempted using autotransferring plasmids of
several different compatibility groups.5

Characterisation of plasmids-Autotransferring and non-autotrans-
ferring resistance plasmids were characterised by the methods of
Anderson and Threlfall2 and tested for their incompatibility with suit-
able representatives of the plasmid compatibility groups listed by
Willshaw et al.6

Drug resistance of 232 strains of infantile enteropathogenic
E coli isolated from faeces of infants in the UK

Concentration No (°O) of strains
Drug of drug (mg/1) resistant

Ampicillin 8 86 (37-1)*
Chloramphenicol 8 29 (12 5)t
Furazolidone 20 1 (0-4)
Gentamicin 4 0
Nalidixic acid 20 0
Neomycin 8 21 (9-1)
Streptomycin 16 106 (45 7)
Sulphonamides 100 106 (45 7)
Tetracycline 16 67 (28 9)
Trimethoprim 0 5 14 (6 0)

No (O ) fully sensitive 98 (42-2)

*All these strains were also resistant at 256 mg/I.
tTwenty-eight of these strains were also resistant at 256 mg/I.

Results

Resistance to sulphonamides, streptomycin, tetracycline, and ampi-
cillin occurred most commonly (table). One hundred and thirty-four
strains (57-8 0) were resistant to one or more drugs: 22 strains (9 5%)
were resistant to one drug, 27 (11 60) to two, and 85 (3666%) to three
or more. Twenty-nine strains (12 o5o) were resistant to chlorampheni-
col, and all of these were resistant to at least three other drugs.
Of the 104 resistant strains tested for transfer of resistance, 65

(62 5'O) were able to transfer resistance directly and resistance was
mobilised in a further six (5 8',"). Plasmids were characterised in 40
of the 65 strains in which direct transfer of resistance was observed
and in six strains with mobilisable resistance. Five strains carried
two autotransferring resistance plasmids and four carried additional
transfer factors that coded for the production of colicin Ib but not for
drug resistance. Plasmids of the B and F compatibility groups pre-
dominated. Group B plasmids were identified in strains from nine
serogroups, and the most common resistance pattern transferred was
ASSu (22 strains). In contrast, plasmids of the F group coded for up
to six resistances, the most common pattern being ACKSSuT.
Non-autotransferring but mobilisable resistances were encoded by
transfer-defective plasmids of the H5 and FII compatibility groups and
by SSu and A resistance determinants.

Discussion

Most infants with E coli diarrhoea recover uneventfully if
water and electrolyte disturbances are corrected promptly, and
antimicrobial drug treatment is rarely necessary. Infants with
severe illness, however, have sometimes been reported to respond
dramatically to antibiotic treatment, and such treatment should
certainly be considered for prolonged or severe illnesses. Anti-
biotics have also been used in attempting to prevent the spread
of infection, although the evidence for their value is equivocal.7
The present study shows that about 600o of enteropathogenic
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E coli strains isolated in the United Kingdom are drug resistant
and that resistance is transferable in more than 60% of these.
The majority of autotransferring resistance plasmids identified
were of the B and F compatibility groups. Group B plasmids are
particularly common in shigellae and have been observed in
strains of Shigella dysenteriae 1 that have caused epidemics in
Central America8 and Asia. 9 F-like resistance plasmids are com-
mon in salmonellae, and E coli and plasmids of the Flme group
have been observed in salmonella strains that have caused out-
breaks of gastroenteritis in the Middle East,10 India,1" and
southern Europe.1'
These findings are a cause for concern not simply because they

indicate that the choice of treatment for severe illnesses is limited
but also because they suggest the existence of a large pool of
drug-resistant organisms in the community. Multiple drug
resistance may be transferred in vivo to other pathogenic organ-
isms including those E coli responsible for systemic infections
such as neonatal meningitis. Further studies are in progress to
determine the prevalence of drug resistance in E coli strains
isolated from cerebrospinal fluid.
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Reuse of haemodialysis equipment: convenience and
cost effectiveness

H K BANESTER, R D DRISCOLL, R N GREENWOOD, W R CATTELL

Abstract

The shortage of resources for providing renal replace-
ment makes it essential to reduce revenue costs wherever
possible. Assuming that haemodialysis is likely to remain
a mainstay of renal replacement, a policy of reusing the
expensive disposable dialysers and blood lines could offer
substantial cost savings. Such reuse has been shown to be
safe and to maintain efficiency, but it must also take ac-
count of convenience to the patient, especially those
dialysing at home. A survey of patients treated with home
dialysis shows that the rate ofreuse ofthe complete extra-
corporeal circuit was highest for those patients who had
automated reuse systems.

Introduction

The treatment of patients with end-stage renal failure by
haemodialysis has been highly successful. Nevertheless,
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haemodialysis is expensive and several hundred patients die each
year in the United Kingdom because the financial resources to
provide treatment are lacking.' 2 In the United States, where
there has been a quite lavish allocation of federal resources for
dialysis programmes, there is increasing pressure to contain or
reduce costs.3 4At the same time most units in the United King-
dom and elsewhere are moving away from the use of the
bulky Kiil-type artificial kidneys towards the use of small
disposable dialysers, which require less work from staff and
patients and take up less space in the home. This means, how-
ever, that the dialyser and other disposable equipment become a
major revenue cost.
Though considerable savings could be made by reusing these

disposable items, this policy has, however, met with resistance
from both clinicians and patients on the grounds of safety,
efficiency, and convenience. The safety and efficiency of the
procedure is now widely accepted both in Europe and in the
USA,5 6 but convenience to, and acceptance by, patients has
received little attention. Since most patients in the United King-
dom dialyse at home, the success of any policy aimed at more
economic use of materials depends on their co-operation. A
recent survey of home dialysis practice in our unit has given us
the opportunity to examine the extent to which our own policy
of reuse is implemented in the home.

Cost benefits of reuse

Single use of a disposable dialyser is expensive, about £1900 a year.
Reuse (in our case to a total of six times) dramatically reduces this cost
by more than half (figure). It is less commonly recognised that the
arterial and venous blood lines, which-with the dialyser-form the
extracorporeal circuit, are also expensive. If the dialyser can be reused
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