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Bacterial resistance to trimethoprim
Trimethoprim is now available in Britain for the treatment
and prophylaxis of urinary tract infection. As a result the
debate has been renewed on the value of combined folate
inhibitor preparations, notably co-trimoxazole-in particular,
on the potential for emergence of trimethoprim resistance in
bacteria exposed to the drug. When first marketed in 1969
preparations of sulphamethoxazole and trimethoprim were
chosen primarily because the combination showed greater
antibacterial activity than the individual components; the part
played by each drug in minimising risks-of acquired resistance
was ofsecondary importance.' Since then, the original claims-
that sequential blockade of bacterial folate synthesis produces
synergism and hence superior clinical activity, and that the
two agents protect each other from the development of
bacterial resistance-have been challenged, and these issues
have been examined in recent reviews.2 3

Trimethoprim is considerably more active than sulpha-
methoxazole against most bacterial species,1 and in thetreatment
of urinary tract infection the activity of trimethoprim is so
dominant as to be almost entirely responsible for the activity
of co-trimoxazole.4-6 Clinical trials have shown that in most
urinary tract infections trimethoprim alone is as effective as
co-trimoxazole and causes fewer side effects.7 8 Clearly, there
is a persuasive case for evaluating trimethoprim in urinary
tract infections, but doubts have been raised on the grounds
that its widespread use might promote bacterial resistance.9-11

Trimethoprim acts by selectively inhibiting bacterial di-
hydrofolate reductase and so depleting folate, an essential
cofactor in the biosynthesis of nucleic acids. Some species
have intrinsic resistance to the drug: for example, in Pseudo-
monas aeruginosa a permeability barrier denies it access into
the cell. Another mechanism protects the Neisseria species and
anaerobes, in which the dihydrofolate reductase is- relatively
insusceptible to trimethoprim. Acquired resistance may be
mediated by changes in dihydrofolate reductase making it less
susceptible to inhibition by trimethoprim. Such changes may
be determined by gehes located either on the bacterial chromo-
some or as plasmid-borne R factors (extrachromosomal
fragments of DNA capable of mediating transmissible resist-
ance). Resistance determined by R factors is characteristically
very high, raising minimal inhibitory concentrations of
trimethoprim to 1000 mg/l or more. Another suggested
mechanism for mediating resistance to trimethoprim might be
that it facilitates selection of mutant thymine-dependent
bacteria, a specialised group, highly resistant to trimethoprim,
which require exogenous thymine or thymidine for DNA
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synthesis.12 However, despite the widespread use of co-
trimoxazole, thymine-dependent bacteria have not become
noticeably more prominent. Their persistence may be favoured
in sites of chronic sepsis, associated with poor antibiotic
penetration, where inflammatory exudates might provide a
thymine source.12

In Britain the proportion of pathogens sensitive to tri-
methoprim has remained high'3 despite increasing use of co-
trimoxazole since its introduction in 1969. Resistance was
reported in 2.500,14 2.9%0,15 3.2%,t16 and 4*3% 10 of coliform
bacilli in surveys conducted between 1971 and 1979 in various
centres. Nevertheless, a trend towards increasing trimetho-
prim resistance in hospital isolates has been observed by
Amyes and colleagues17: trimethoprim resistance in urinary
isolates rose from 9-5% in 1975 to 12.9% in 1977. A notable
feature has been the high proportion of Klebsiella and Entero-
bacter species among resistant isolates.'0 16 Of Gram-positive
bacteria which may be implicated in urinary tract infections,
30°/0 of Staphylococcus epidermidis and 1.6% to 4-1% of
Staph aureus in Britain are currently resistant to trimetho-
prim.13
How valid is the claim that sulphamethoxazole protects

trimethoprim from the acquisition of resistance? Over half of
hospital Gram-negative bacilli are resistant to sulphame-
thoxazole,'3 18 so that, in effect, many may already have been
widely exposed to trimethoprim alone. Nevertheless, acquired
resistance to trimethoprim is unusual despite the widespread
use of co-trimoxazole, which remains a highly successful
antimicrobial. Synergy between the two drugs occurs in vitro
against sulphonamide-resistant Escherichia coli (except against
those with an extremely high level of resistance19). Studies have
shown that resistance may be induced when large inocula of
bacteria are exposed to increasing concentrations of trimetho-
prim, presumably because only few cells can mutate to a
higher level of resistance. Resistance could not be induced as
readily when organisms were trained in the presence of both
sulphonamide and trimethoprim.20

Selection of trimethoprim-resistant organisms in the flora
of the gut does not seem to be a feature of treatment with co-
trimoxazole or trimethoprim,7 21 22 even long term, perhaps
because of the definite suppression of coliform flora caused by
both drugs. Though trimethoprim may suppress the emer-
gence of sulphonamide resistance in patients receiving co-
trimoxazole the reverse seems not to occur.22 A recent
survey,23 with disquieting results, from the Turku area of
Finland, where trimethoprim has been used for five years,
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found resistance to trimethoprim in 20% of isolates from
urinary infections in outpatients and in 400 from inpatients-
figures which contrast dramatically with a rate of less
than 1% in Helsinki between 1972 and 1977, possibly because
since its release in Finland in 1973 trimethoprim has not been
as widely used.24
Though plasmid-mediated resistance seems to be much less

common than chromosomal resistance,'0 13 and accounted for
only 10% of resistant strains in the Turku study,23 some
authors have commented recently on a disturbing increase in
the proportion of resistant organisms carrying trimethoprim-
resistance plasmids.'5 17 Plasmids conferring resistance to
trimethoprim and sulphonamides were first recognised in
1971.25 At present, their natural frequency in Britain appears
to be low,"1 26 but the potential for dissemination of trime-
thoprim resistance in response to use of the drug is a possible
threat to the continued success oftreatment with trimethoprim
alone. Plasmids differ in their ability to disseminate, but under
suitable conditions they may give rise to epidemics of resist-
ance. An outbreak of plasmid-borne trimethoprim resistance
in London has been associated with heavy use of co-trimoxa-
zole, sulphonamides, and ampicillin but was controlled by
isolation of the patients and restriction of antibiotic use.27
Plasmid-encoded trimethoprim resistance in epidemic strains
of bovine Salmonella typhimurium has provided further
evidence that we need strict regulations to control the use of
antibiotics in farming.28
The increasingly high proportion of strains being found with

high-level, non-transferable resistance implies that genes for
trimethoprim resistance may be transposed from plasmid to
bacterial chromosome15 -a disturbing possibility, since re-
sistance of this,kind is stable and (unlike plasmid-mediated
resistance) not likely to be lost when selective pressures from
antibiotics are removed.

Clearly, trends in susceptibility to trimethoprim need to be
monitored carefully. Diagnostic laboratories reporting anti-
microbial sensitivities should test both sulphonamide and
trimethoprim, not only co-trimoxazole, and should be aware of
possible sources of error-in particular, heavy inocula which
may suggest spurious resistance on disc testing, a notorious
problem with folate antagonists. The resistance of organisms
showing reduced zones in such tests should be confirmed by
determinations ofminimum inhibitory concentrations.'3
The effectiveness and lack of toxicity of trimethoprim are

useful properties for a urinary antimicrobial, particularly
where long-term prophylaxis is required. It may yet find wider
applications, perhaps in treating respiratory infections or
enteric fever. Since antibiotic pressures may dispose to
acquisition of trimethoprim resistance further appraisal may
suggest that the drug's usefulness may best be preserved by
using it primarily for treatment of infections in the community
and controlling its use in hospitals.
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Oestrogen-replacement
treatment in old age
The endocrine aspects of aging' are attracting much current
interest; but perhaps the topic of greatest clinical concern is
hormone replacement in postmenopausal women. The value
of oestrogen treatment for some menopausal symptoms is
undisputed, but what of continued oestrogen replacement
into old age? What are the advantages and risks of such
treatment for the elderly postmenopausal woman, and how
justified is present enthusiasm, at least in the United States-
where a recent survey- showed that 24% of women over 70
were receiving oestrogens.2
The main gain from treatment with oestrogens continued

into old age is the prevention of osteoporosis. Osteoporosis
and fractures are major problems in elderly women; one-
quarter of all white women have osteoporotic vertebral
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