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SUMMARY

Trimethoprim resistance was seen in 14:8 % of 500 strains of salmonella, 43-1 %
of 153 strains of shigella and 599, of 27 strains of Escherichia coli isolated from
stools of patients with diarrhoea. Strains with a high level of trimethoprim
resistance (MIC of 2512 ug) were subjected to conjugal transfer. Trimethoprim
resistance was plasmid-mediated in all of 42 strains of shigella and 12 strains of
E. coli examined. However, 2 of the 47 strains of salmonella could not transfer their
trimethoprim resistance cither directly or by mobilization with the transfer factors
X and 4 both at 37 and 25 °C overnight incubation.

INTRODUCTION

Trimethoprim, alone or in combination with sulphamethoxazole, has been used
in clinical practice since 1969. I'ransferable resistance to trimethoprim was first
observed in 1971 and since then has been reported in enterie pathogens in several
countries (Rowe & Threlfall, 1981). Towner ef al. (1980) examined clinical isolates
of enterobacterin for registance to trimethoprim in two 6-month surveys during
1978 and 1979. The incidence showed a slight decerease but the proportion of strains
with transferable trimethoprim resistance almost trebled during the second survey
period. In previous publieations we reported plasmid-encoded drug resistance in
snlmonella and shigella isolated from human patients, sea water and clams (Chugh,
1982; Chugh & Bishbishi, 1983; Chugh et al. 1984; Chugh & Kadri, 1984). This
communication is an account of plasmid-mediated trimethoprim resistance in the
enterie pathogens isolated from clinieal eases in Kuwait.

MATERIALS AND METHODS

Baclerial strains

A total of 680 strains of enteric pathogens (500 salmonella, 153 shigella and 27
enteropathogenic Escherichia coli) were examined. These had been isolated from
stools or reetal swabs from the same group of epidemiologically unrelated patients
suffering from acute diarrhoea during the period 1980-3. Isolates were identified
biochemically (AP1-20E) and serologically using commercial antisera.
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Table 1. Minimum inhibitory concentration of enteric pathogens to trimethoprim

MIC (ug/ml)

No. No. r A -

Enteric pathogens  examined resistant* 05 1 2 4 8 16 32 64 128 256 512
Salmonella sp. 500 74

(148%) 345 567 14 11 1 4 4 4 7 8 47

S. typhimurium 223 59 M3 43 3 6 — — — 2 6 7 44

8. wien 35 1 30 1 1 2 - — — — — — |

S. bovismorbificans 30 2 2 1 1| — - — | — — — 1

8. typhi & A— 6 1 — — — — — - = —

Others 195 12 g 19 4 1 4 3 2 1 1 1
Shigella sp. 163 66

(431 %) 1 6 — 4 3 06 4 8 2 4 42

Sh. dysenteriae 7 3 4 m = - - = 2 - 1 -

Sh. flexnert 09 39 48 6 3 3 — 3 1 — 2 3 30

Sh. boydii 18 11 6 — — — 2 - J - — ¢

Sh. sonnei 29 13 13 — — = 3 1 3 3 = — 6
E. coli 27 16

(692%) 9 1 1 — — — 1 3 — — 12

Total 680 156 423 64 18 16 4 10 O 16 9 2 101

* Strains with MIC against trimethoprim more than 8 ug/ml were considered resistant,

Antibiotic susceplibility

"This was determined by disk diffusion on DST' agar (Oxoid CM 261) with E. col?
(NCT'C 10418) as the sensitive control. The antimicrobials used and the disk load
of cach drug were: ampicillin (A) 30 ug, chloramphenicol (C) 30 g, gentamicin (G)
10 sg, kanamyein (K) 30 pg, streptomycin (S) 10 pg, sulphonamide (Su) 300 pg,
tetracycline (T) 30 pug, trimethoprim (T'm) 1-25 g and nalidixic acid (Nx) 30 pg.
Minimal inhibitory concentrations (MIC) were determined by plate dilution
technique by incorporating trimethoprim lactate in twofold serial dilutions to get
a final concentration of 0-5-512 ug/ml. Plates were inoculated with bacterial
suspension (10? ¢.f.u. perspot) by a multipointinoculator, The lowest concentration
of the drug that prevented visible growth after overnight incubation at 37 °C was
recorded as MIC. Isolates with MIC against trimethoprim more than 8 yg per ml
were considered as resistant.

Resistance trangfer

All straing with MIC >512 pg/ml were examined for the ability to transfer
trimethoprim resistance to recipient £. coli K12IF~Nx" at 37 and 25°C. The
transconjugants were selected by inoculating 0:1 ml of the overnight mixture of
cqual volumes of donor and recipient cultures on to lactose/neutral-red/peptone
agar each containing 40 xg/ml of nalidixic acid and 8 ug/ml of trimethoprim
lactate. Mobilization of non-sclftransferableresistance wasattemptedin triparental
crosses with transfer factors X and 4 (Anderson & Threlfall, 1974). The transfer
frequency was determined as the ratio of total number of transconjugants to the
number of recipients.
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Table 2. T'ransfer of resistance lo trimethoprim in enleric pathogens

Resistance transfer Total with
r A ~ transferable
Non- trimethoprim
No. tested  Autotransferable  autotransferable resistance
Salmonella sp. 47 38 (80-8%) 7 (149%) 45 (957 %)
Shigella sp. 42 27 (64:3%) 15 (357 %) 42 (100-0%)
E. coli 12 11 (91:7%) 1(83%) 12 (100:0%)
Total 101 76 (7529%) 23 (22:89,) 99 (98:09%)
RESULTS

The results arc shown in Tables 1 and 2. None of the resistant strains were
thymidine-dependent as they could grow both on lysed blood agar and routine
primary isolation media.

Salmonella sp.

Resistance to trimethoprim (T'mR) was seen in 74 of the 500 isolates (14:8 %) of
salmonella examined. It was more prevalent in S. {yphimurium (59 of the 22:
strains, 26:5 %) than in other serotypes (15 of 277 strains, 54 %). None of the 17
isolates of S. typhi examined was resistant to trimethoprim. The level of resistance
(MIC) was higher in 8. typhimurium (44 of the 59 I'mR strains have MIC of
2512 pg/ml, 74:6%) than in other Salmonella sp. (3 of 15 straing have MIC of
=512 pg/ml, 20:0%). All the 74 isolates of salmonella resistant to trimethoprim
were multidrug-resistant (resistant to >3 drugs) and 20 of these (27%) were
resistant to all the eight drugs used (ACGKSSul"I'm). Resistance to trimethoprim
wasgtransferableindbofthe47 (95:7 %) straingexamined, being directly transferable
in 38 and mobilizable with transfer factors (X and 4) in another 7 straing. In 2
strains of 8. typhimuriuwm the transfer of resistance was not deteeted, either direetly
or by mobilization with transfer factors both at 37 and 25 °C.

Shigella sp.

Trimethoprim resistance was observed in 66 of the 153 (439) clinical isolates
of shigella examined. Resistance was equally distributed in the four subgroups.
There were two isolates of Sh. dysenteriae 1 in the present series. One of these was
gensitive to trimethoprim while the second isolate with the R-type ACGKSSu'l'I'm
(MIC, 256 yg/ml) could transfer all the R determinants direetly. Forty-two of the
66 resistant strains (649%) had an MIC of 512 sg/ml or more and, with one
exception, all were multi-resistant. All the 42 strains examined could transfer their
trimethoprim resistance to recipient . coli, directly in 27 and by mobilization with
transfer factors (X and 4) in 15.

E. coli

Sixteen of the 27 (59 %) clinical isolates of enteropathogenie E. coli obtained from
cases of diarrhoea were resistant to trimethoprim. The majority of the resistant
strains (75 %) had an MIC of 2512 pg/ml and all except one were multi-resistant.
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All the 12 strains examined could transfer their resistance to recipient E. coli
dircetly in 11 and by mobilization with transfer factors in the 1 strain.

The frequency of transfer of trimethoprim resistance in the various enteric
pathogens varied from 34 x 1074 to 4-1 x 1078, In one strain of S. typhimurium the
transfer was higher (3:6 x 107%) at 25 °C than at 37 °C (52 x 10~7), the plasmid being
thermosensitive (ts).

DISCUSSION

Trimethoprim resistance in salmonella from the Middle East was first reported
by Anderson el al. (1977) and was observed in 8. typhimurium isolated in Israel
(9 strains in 1975 and 3 strains isolated during 1976). The resistance in all the
strains was determined by a non-autotransferable plasmid (I; me). They also
described one isolate from Iran with the resistance pattern of ACGKSSuT'I'm but
the resistance to trimethoprim was not transferable. Subscquently, Rowe et al.
(1980) reported the spread of a clone of S. typhimurium in Saudi Arabia and India.
The majority of strains were resistant to eight drugs (ACGKSSuT'T'm) and in all
straing the resistance was plasmid-determined. Threlfall et al. (1983) reported the
incidence of plasmid-encoded trimethoprim resistance in salmoncllae in Britain.
Resistance to trimethoprim was transferable in one of three registant strains of S,
lypla, in all the 1448 straing of S. typhimurium and in 48 of 67 strains of other
salmonella scrotypes that were examined. Similar reports have been made from
India (Rangnekar, Banker & Jhala, 1983; Walia e al. 1981), New Zealand
(Anderson, 1980) and Italy (Falbo et al. 1982). The present studies show that
high-level resistance to trimethoprim (MIC 2512 pug/ml) in the clinical isolates of
enteric pathogens is common and is invariably plasmid-mediated except in the two
strains of S. {yphimurium where it could not be transferred directly or by
mobilization at 37 and 25 °C, Both were of the R-type ACGKSSul'I'm and the MIC
was more than 512 gg/ml. The lack of transfer of resistance in the two isolates could
be due to loeation of the determinant gene on a chromosome (Towner ef al. 1978)
or on a transposon. Datta & Richards (1981) reported transposons (I'n7, T'n79,
T'n80) that conferred resistance to trimethoprim alone or linked to streptomyein
in some enteric bacterin. However, the possibility of the presence of a plasmid in
our two strains mobilizable by transfer factors other than X and 4 cannot be ruled
out. Towner el al. (1980) reported an increase in the resistant isolates of
enterobacteria that failed to transfer their high-level trimethoprim resistance (23 %
in 1979 compared to 4:7%, in 1978).

Resistance of shigella to trimethoprim is reported to be high in Spain (96 %) and
Korea (71 %) and conjugally transferable, suggesting that registance is mediated
by R-plasmids (Lopez-Brea et al. 1983; Chun ef al. 1984). In a study of shigella
subgroups A, B and C isolated in England and Wales during 1974-83 Gross el al.
(1984) found strains resistant to trimethoprim in significant numbers for the first
time in 1979 (1-3%), which increased to 999% in 1982 and 16:8 % during the first
half of 1983. It was transferable in 29 of 55 strains examined (53 %), dircetly in
28 and by mobilization in 1 strain.

The high incidence of plasmid-coded resistance to trimethoprim among our
strains of salmonella, shigella and £. coli strains may be a result of widespread use
of antibiotics including cotrimoxazole in Kuwait or, alternatively, due to the large
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circulation of immigrants from many Asian countries where trimethoprim strains
are endemic.

This project (MI 002) was funded by the University of Kuwait.
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