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Dextran prophylaxis continued beyond the first two days in
immobilised patients may also result in a lower incidence.10 11
Dextran reduces inhibition of fibrinolysis,'2 which is maximal
three to six days postoperatively13; hence further doses might
be of value.

Allergic reactions occurred in 22 patients (141%) in the
dextran group. This was a higher incidence than that reported
by Ring and Messmer14 (0 07%), but their findings were based
on units infused and not on numbers of patients treated. Since
preformed dextran-reactive antibodies are reportedly of
pathogenic importance in dextran reactions,7 application of the
hapten-inhibition principle may offer a method of protection.
A multicentre trial in seven of the eight hospitals in this study
is in progress to evaluate the effect of hapten prophylaxis on
allergic reactions. Preliminary findings from over 15 000 patients
suggest that severe dextran-induced reactions can be prevented.
Although the number of reoperations for haemorrhage was

higher in the dextran group, this difference was not significant.
When the incidences of all haemorrhagic complications were
considered (table Vm) patients in the heparin group fared
significantly worse. An explanation may be that prophylaxis
with heparin was more readily withdrawn from patients
prone to haemorrhage. The two treatment groups lost similar
amounts of blood during operation, yet patients in the dextran
group were given a larger number of transfusions. Dextran
is a plasma expander, however, and decisions to transfuse
may have been based on decreased packed cell volume.
The greater number of failures to give a full course of

prophylaxis in the heparin group was probably partly accounted
for by the number of injections required (21). Dextran infusions
form part of normal volume replacement during and after
operation and entail no extra work. Possibly heparin could be
given more conveniently by, say, jet injection or inhalation.
We conclude that prophylaxis with dextran and low-dose

heparin results in the same overall incidence of fatal pulmonary
embolism.
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Trimethoprim resistance in Finland after five years' use of
plain trimethoprim
P HUOVINEN, P TOIVANEN

Summary and conclusions

A total of 1388 urinary bacterial pathogens were tested
for resistance to plain trimethoprim after five years' use
of this drug for prophylaxis against urinary tract in-
fections. Samples were obtained in Turku, Finland,
where use of the drug is much greater than in other parts
of Finland.
Resistance to trimethoprim (> 8 mg/l; agar-dilution

method) occurred in 20.3% of strains isolated from
outpatients and 39.8% of strains isolated from inpatients.
Escherichia coli and Micrococcus showed low incidences
of resistance (11% and 13% respectively in outpatients
and 23% and 19% respectively in inpatients); Entero-
bacter, Streptococcus faecalis, and Staphylococcus
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epidermidis occupied an intermediate position; and
Proteus mirabilis and Klebsiella were resistant in 41-76%
of cases. Similar incidences of resistance were observed
to sulphamethoxazole-trimethoprim, sulphamethoxa-
zole, ampicillin, and nitrofurantoin.
These findings together with the rare occurrence of

side effects and convenient dosage confirm the usefulness
of plain trimethoprim for urinary tract infections.

Introduction

Combined treatment with sulphonamide and trimethoprim has
been widely used for bacterial infections since 1969.1 Plain
trimethoprim, however, has certain advantages over the com-
bined regimen, including more convenient dosage and a low
incidence of side effects, particularly with doses used for long-
term prophylaxis against urinary tract infections.2 Nevertheless,
an objection to using trimethoprim alone is the risk of increasing
resistant bacteria, which might jeopardise the usefulness of the
combined agent.2-4

Plain trimethoprim for long-term prophylaxis against urinary
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tract infections has been used in Finland since 1973,2-the
consumption of the drug per inhabitant being 670o more in the
Turku area than in the country as a whole (H Sundquist,
personal communication). We therefore decided to investigate
the incidence of resistance to plain trimethoprim in Turku
after five years' use of the drug. For comparison we also deter-
mined resistance to sulphamethoxazole-trimethoprim, sulpha-
methoxazole, ampicillin, and nitrofurantoin.

Materials and methods

We tested all the urinary tract pathogens isolated in our laboratory
over eight weeks during July to September 1978. Escherichia coli,
however, was collected for study over only two weeks in the middle
of the period. Samples were obtained by dipslide (CLED and
MacConkey agar; Uricult) and the isolates identified by routine
methods, including the API 20E procedure.5 Identical strains isolated
from the same patients were included only once. Agar dilution6 was
used to determine the minimum inhibitory concentrations (MICs) of
trimethropim, sulphamethoxazole-trimethoprim (20:1), sulpha-
methoxazole, ampicillin, and nitrofurantoin on PDM agar (AB
Biodisk, Solna, Sweden). Control strains used were E coli K 12 and
Staphylococcus aureus K 209.
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Results

A total of 1388 strains were examined, comprising 954 from out-
patients and 434 from inpatients (see table). Figures 1 and 2 give
the MICs of trimethoprim for strains isolated from the two groups.
Applying the MIC generally used in Scandinavia to determine
clinical resistance to trimethoprim (-- 8 mg/I)7 we found that strains
of bacteria isolated from urinary tract infections fell into three types-
namely, those showing low, intermediate, and high incidences of
resistance (genuinely trimethoprim-resistant pseudomonads being
excluded).

Distribution of strains isolated from outpatients and inpatients

Outpatients Inpatients

No t0 No 00*

Escheric/ia coli .. . 395 74 110 58
Micrococc.s .. 128 6 21 3
Pseuidomzoas .. . 120 6 90 12
Proteuts uziirabilis .. 83 4 70 9
Staphylococcuts epidermidis 60 3 17 2
Enterobacter . . . 53 2 29 4
Klebsiella... 52 2 39 5
Streptococcits faecalis . . 31 1 35 4
Others .. . 32 2 23 3

Total .. .. 954 100 434 100

*Weighted percentage: E coli was collected over two weeks and all other strains
over eight wveeks.
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FIG 3-Incidence of outpatient strains resistant to trimethoprim >8 mg/l
(TMP); sulphamethoxazole-trimethoprim >64 mg/l (S-T 64) and >512
mg/l (S-T 512); sulphamethoxazole >512 mg/l (SMZ); ampicillin >32 mg/l
(AMP); and nitrofurantoin >64 mg/l (NF).

E coli and Micrococcus showed low incidences of resistance-namely,
1100 and 13% respectively in strains isolated from outpatients and
23°o and 19° in strains isolated from inpatients. Enterobacter,
Streptococcus faecalis, and Staph epidermidis occupied an intermediate
position, with resistance in 260, 26°/o, and 25o% of strains respectively
from outpatients and 3400, 2900, and 4100 of strains respectively from
inpatients. Strains showing high incidences of resistance included
Proteus mirabilis and Klebsiella; of these, 52%' and 560o respectively
from outpatients and 76%o and 41°0 from inpatients were resistant.
Pseudonionas from outpatients and inpatients were resistant to
trimethoprim in 98°O and 1000X of cases respectively.
Out of 55 "other" strains isolated, all four Serratia species and

four of the five Providencia species were resistant to trimethoprim.
The remaining 46 strains included 10 different species with under
eight isolates for each.

Figures 3 and 4 give the incidences of resistance of the various
strains from outpatients and inpatients to trimethoprim and to
sulphamethoxazole-trimethoprim ( 64 mg/l), sulphamethoxazole
(>512 mg/l), ampicillin (>32 mg/1), and nitrofurantoin (>64 mg/l),
the figures in parentheses being the MICs used in Scandinavia to
test resistance to these drugs. The incidence of resistance to sulpha-
methoxazole-trimethoprim at an MIC of > 512 mg/l is also shown.
Again the strains fell roughly into groups showing low, inter-

mediate, and high incidences of resistance, there being no clear
differences between the five drugs studied. In the 954 outpatient
strains examined (pseudomonads included) the incidences of resistance
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FIG 4-Incidence of inpatient strains resistant to agents listed in fig 3.

were 20-3% to trimethoprim; 16-0% and 9 5% to sulphamethoxazole-
trimethoprim at MICs of >64 and >512 mg/l respectively; 29 0%
to sulphamethoxazole; 28-6% to ampicillin; and 23-3% to nitro-
furantoin. The corresponding incidences in inpatient strains were
39-8% to trimethoprim; 30-1% and 22-5% to sulphamethoxazole-
trimethoprim at the two MICs respectively; 39 5% to sulphametho-
xazole; 393% to ampicillin; and 37-7% to nitrofurantoin. These
percentages are weighted, taking into account that E coli was collected
over two weeks and all other strains over eight weeks.

Discussion

Only a few other such studies have been conducted. Out of
725 coliform bacilli isolated by Lacey et al8 in 1971 from different
infections, 2-5% were resistant to trimethoprim (disc method).
Fruensgaard and Korner9 reported a 9-12% incidence of
resistance to trimethoprim in urinary tract isolates collected in
Copenhagen during 1971-2; among E coli strains the incidence
of resistance was 1-3% (disc method). In 1977 Marks et al'0
reported resistance to trimethoprim in 13-2% of coliforms
examined. Amyes et al,"' who used the disc method, found an
11 60% incidence of resistance to trimethoprim in urinary tract
isolates from London inpatients in 1977; in outpatient strains
the incidence was 8&0/'%. As in our series, Proteus, Klebsiella,
and Pseudomonas all showed a higher incidence of resistance
than other bacteria. McGill'2 reported resistance to trimethoprim
2 mg/l in 32%h of Kl aerogenes isolated from inpatients during
1977-8. Brumfitt et al"3 collected 4196 strains from urinary tract
infections (in outpatients and inpatients) and observed resistance
to trimethoprim 2 mg/l in 4-3%. E coli was the most susceptible,
with 1 4%' resistant; Klebsiella was resistant in 18-3%/o of cases,
Enterobacter in 120%/, and Pr mirabilis in 2-10o/. Almost all
Serratia strains were resistant to trimethoprim.
Hence trimethoprim-resistant strains clearly also commonly

occur in countries where trimethoprim is available only com-
bined with sulphonamides. The incidences in the Turku area,
however, were higher than in Great Britain and Denmark. It
remains to be seen whether the incidences of resistant strains
found in Turku represent a plateau or are continuing to increase.
The much greater use of plain trimethoprim in Turku than in
other parts of Finland may explain the low incidence (< 1%/)
of trimethoprim resistance in E coli observed in the Helsinki
area in 1972-7.'

In our series incidences of resistance closely similar to those
against plain trimethoprim were observed not only against
sulphamethoxazole-trimethoprim but also against sulpha-
methoxazole alone, ampicillin, and nitrofurantoin-all of which

are widely used for treatment and prophylaxis in urinary tract
infections. When this is considered together with the clinical
benefits of plain trimethoprim (rare occurrence of side effects
and convenient dosage) the usefulness of this drug even after
five years' wide use is confirmed.
The mechanism of trimethoprim resistance remains to be

established. Nevertheless, despite earlier claims R-plasmid-
mediated resistance to trimethoprim does occur." 14-17 This
was confirmed in our study, where the incidence of transferable
resistance occurred in about 10% of all trimethoprim-resistant
strains (unpublished data).
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ONE HUNDRED YEARS AGO SIR,-Having seen several
letters on the morning bath in the columns of your valuable JOURNAL,
permit a humble layman to narrate his experience. Some time ago, I
tried the cold bath, but, finding it brought on congestion of the liver,
shivers, and vomiting, an eminent physician gave me this prescription.
Into a hip-bath pour a pailful of hot water at 117 deg.; stand in it
and lather all over with yellow soap; then sit down, wash off the
soap and well sponge all over with the hot water, and then pour over
the body the contents of a large canful of cold water, half on chest
and half on back, and rub up with a cotton bath-blanket. I have
adopted this plan every morning for the past fifteen years; and if
any one will only try it, and also wear a flannel bandage, twelve feet
by six inches, round the waist, and totally abstain from alcohol of
every description, an Arctic winter would have no terrors for him,
and colds, coughs, and chilblains would be for ever unknown.-I am,
sir, your obedient servant, C E GREENWOOD. (British Medical3journal,
1880.)


