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Trimethoprim/sulphainethoxazole resistance in 
Escherichia coli and Klebsiella spp. urinary isolates 

E . E . O B A S E I K I - E B O R 
Department of Pharmaceutical Microbiology, f aculty of Pharmacy. University of Renin, Benin City. Nigeria 

Summary 

The susceptibil i ty of 40 Escherichia coli a n d 35 
Klebsiella spp. u r inary i so la tes t o t r i m e t h o p r i m / 
s u l f a m e t h o x a z o l e ( co t r imoxazo le ) was de t e r -
mined. T h e d e t e r m i n a t i o n was based o n 
the activity of the s t a n d a r d mul todiscs-cot r i -
nioxazole (25 j ig). ( O x o i d ) ; s u l p h a f u r a z o l e 
(5(K) ng) . (Mas t r ing -S) ; a n d the m i n i m u m 
inhibitory c o n c e n t r a t i o n of t r i m e t h o p r i m a n d 
su lphamethoxazo le singly agains t t h e isolates. 
Thirty-two (S()%) of 40 i so la tes of Escherichia 

coli. and 26 ( 7 4 % ) of 35 i so la tes of Klebsiella 
spp. were resis tant to c o t r i m o x a z o l e . All the 
isolates were res is tant t o m o r e t han 500 ing/l 
su lphamethoxazo le . T w e n t y of the 32 ( 6 2 % ) 
cot r imoxazole-res is tant E. coli s t r a ins and IS of 
the 26 ( 6 9 % ) co t r imoxazo l e - r e s i s t an t Klebsiella 
strains w e r e res is tant to m o r e t han 2000 mg/l 
t r imethopr im. T h e s e high level t r i m c t h o p r i m -
resistant s t ra ins invar iably ca r r i ed t r a n s f e r a b l e 
resistance to at least the s u l p h o n a m i d c s . a tnpi-
cillin and t e t racyc l ine , which cou ld be t rans-
ferred en bloc to k n o w n sensi t ive rec ip ients 
by the p rocess of c o n j u g a t i o n . T h e high incid-
ence of the R - p l a s m i d - m e d i a t e d res i s tance to 
high levels of t r i m e t h o p r i m sugges t s the pres-
ence of a select ive p r e s su re f r o m t h e i nc rea sed , 
and probably t h e u n c o n t r o l l e d , use of tri-
me thop r im/ su lphonamide p r o p r i e t a r y f o r m u -
lations in the society. 

Resume 

La susccptibil i te d e s 40 Escherichia coli et 35 
cspcces de Klebsiella isoles d ' u r i n e a n tri-
me thopr im/su l famethoxazo le ( c o t r i m o x a z o l e ) a 
etc essayee. La d e t e r m i n a t i o n etai t sur I 'activite 
des mul tod i sques -co t r imoxazo les n o r m a l e s 
(25 | ig). ( O x o i d ) : s u l f a f u r a z o l c (500 fig) 

(mas t r ing-S) . et la concen t ra t ion min imum 
inhibi toire des t r ime thopr im et su l famethox-
azole app l ique scul aux isolements . T r e n t c 
deux ( 8 0 % ) des q u a r a n t e (40) i so lements d ' 
Escherichia coli et 26 de 35 i so lements ( 7 4 % ) 
des especes de Klebsiella avaicnt la resis tance 
au co t r imoxazole . T o u t e s les i so lements e ta ien t 
resis tances au plus que 5000 mg/l su l famethox-
azole. Vingt de t r en tc deux ( 6 2 % ) espOccs d ' 
Escherichia coli rcsistants au co t r imoxazole et 
6 9 % especes du Klebsiella res is tants au cotri-
moxazole e ta ient aussi resistants au t r imetho-
pr im. Cet augumen ta t i on d e s especes resistants 
au t r ime thop r im invar iab lement appor ta i t des 
res is tance t r ans f e r ee aux su l fonamides , ampicil-
lin et te tracycl ine qui pcu t -e t re etai t t r an s f e r ee 
en masse au des t ina ta i rc sensible par le proces-
sus de la con juga t i on . La f r equence d e la resist-
ance o b t e n u c par med ia t ion du R-p lasmide aux 
q u a n t i t e s e leves de t r ime thop r im p ropose q u e 
on a la p resence de poussee selectif de la plus et 
p r o b a b l e m e n t la utilisation i r responsab lc d e s 
p r o d u i t s depose s du t r ime thop r im/ su l fonamide 
du m o n d c . 

In t roduc t ion 

P rop r i e t a ry fo rmu la t i ons of t r i m e t h o p r i m , c o m -
b ined with a s u l p h o n a m i d c , a r e used in m a n y 
par t s of the world as b road spec t rum an t ibac -
terial agents . In this c o u n t r y the p rop r i e t a ry 
f o r m u l a t i o n s of t r i m e t h o p r i m / s u l p h o n a m i d e 
a re c o m m o n l y sep t r in ( W e l l c o m e ) , bac t r im 
( R o c h e ) , nevin ( G r u n e t h a l - P h a r c o ) , l idapr im 
( C i b a - G c i g y ) and severa l o the r s . It is p r o b a b l e 
that t h e s e p r o d u c t s a re popu la r ly used because 
of the re la t ive ease of thei r oral m o d e of 
admin i s t r a t i on . 

Su rveys of t h e an t ibac te r ia l activity of 
t r i m e t h o p r i m in G r e a t Bri ta in indica ted a t r e n d 
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176 E E. Obaseiki-Ebor 

t o w a r d s a n inc reas ing f r e q u e n c y of r e s i s t a n c e t o 
t r i m e t h o p r i m 11-3). S i n c e 1979, t r i m e t h o p r i m 
h a s b e e n u s e d t h e r a p e u t i c a l l y in s e v e r a l c o u n -
t r i e s , such a s G r e a t B r i t a i n , F i n l a n d a n d 
U . S . A . , as a s ingle a g e n t . It h a s b e e n r e p o r t e d 
t ha t a n i nc r ea s ing p r o p o r t i o n of t r i m e t h o p r i m -
res i s t an t bac te r i a l i so la tes in G r e a t B r i t a i n w e r e 
r e s i s t an t t o high levels o f t r i m e t h o p r i m ( M I C > 
1000 mg/ l ) [4,5] a n d m o s t of t h e i s o l a t e s w e r e 
a l s o res i s tan t t o s u l p h a m e t h o x a z o l c . It is 
p r e s e n t l y not c l ea r w h e t h e r t h e i n c r e a s e d 
t r i m e t h o p r i m r e s i s t ance is a s a r e s u l t o f i n -
c r e a s e d use of t r i m e t h o p r i m r a t h e r t h a n a n 
inc rease of the poo l of t r a n s m i s s i b l e g e n e s 
c o n f e r r i n g t r i m e t h o p r i m r e s i s t a n c e d u e t o 
t r i m e t h o p r i m - r e s i s t a n c e s e l e c t i o n a n d t h e c o n -
s e q u e n t c h a n g e in t h e g e n e t i c l o c a t i o n [ 5 , 6 ] . 

Sep t r in w a s t h e first t r i m e t h o p r i m / s u l p h a -
m e t h o x a z o l e p r o p r i e t a r y p r o d u c t t o b e i n t r o -
d u c e d in Nigeria in 1972. S i n c e a b o u t 1 9 7 9 
t h e r e has b e e n a p r o l i f e r a t i o n o f v a r i o u s p r o -
p r i e t a ry f o r m u l a t i o n s of t r i m e t h o p r i m / s u l p h o -
n a m i d e wi th c o n c o m i t a n t r e p o r t s o f d e c r e a s i n g 
suscept ibi l i ty of t h e local c l in ical i s o l a t e s . I n a 
r ecen t inves t iga t ion , t h e i n c i d e n c e o f u r i n a r y 
t rac t infec t ion ( U T I ) wi th c o t r i m o x a z o l e - r e s i s -
iant Escherichia coli s t r a in s a m o n g c o m m u n i t y 
pa t i en t s w a s r e p o r t e d t o b e a b o u t 7 0 % ( 3 6 o u t 
o l 51 pa t i en t s ) , c o m p a r e d wi th 3 2 % ( 1 6 o u t o f 
49 hospi tal p a t i e n t s w h o d e v e l o p e d s y m p t o m s 
of U T I while in hosp i t a l ) in t h e L a g o s a r e a [ 7 ] . 

T h e f r e q u e n c y a n d level of t r i m e t h o p r i m / 
s u l p h o n a m i d e res i s t ance in t h e B e n i n C i t y 
a rea has not b e e n r e p o r t e d . T h i s s t u d y w a s 
u n d e r t a k e n t o d e t e r m i n e t h e i n c i d e n c e o f 
t r i m c t h o p r i m / s u l p h o n a m i d e r e s i s t a n c e a m o n g 
E. coli and Klebsiella s p p . u r i n a r y i s o l a t e s f r o m 
pa t i en t s with d i a g n o s e d U T I in t h e B e n i n C i t y 
a r e a . 

Mate r ia l and m e t h o d s 

Bacterial strains 

For ty E. coli a n d 35 Klebsiella s p p . i s o l a t e s 
f r om mid - s t r eam u r i n e s a m p l e s of p a t i e n t s 
with bacter iological ly c o n f i r m e d U T I ( ^ 10 5 

organ i sms /ml ) w e r e o b t a i n e d f r o m t h e D e p a r t -
men t of Mic rob io logy , U n i v e r s i t y o f B e n i n 
T e a c h i n g Hosp i ta l ( U B T H ) a n d D i a g n o s t i c 
l abo ra to r i e s in Ben in C i ty b e t w e e n A p r i l a n d 
J u n e 1984. T h e i so la tes w e r e f u r t h e r c o n f i r m e d 
on receipt by using the s t a n d a r d m e t h o d s o f 

Cowan and Steel [8| . Escherichia coli K12 plas-
mid free and nal idixic a c i d - r e s i s t a n t mutant 
J53-I ( lactose f e r m e n t i n g ( L a c * ) , p ro l ine re-
quiring ( pro')* m e t h i o n i n e r e q u i r i n g {met ), 
potential recipient of a sex f a c t o r ( F ~ ) . and 
nalidixic acid res is tant ( N a l r ) | 9 ] w a s used as the 
R-plasmid t r ans fe r r ec ip i en t f r o m t h e clinical 
isolates. Escherichia coli N C T C 10481 w a s em-
ployed as the con t ro l s t r a in in t h e a n t i b i o t i c sus-
ceptibility tes t ing. 

Media 

Nutrient bro th N o . 2 ( O x o i d ) ; d i a g n o s t i c sensi-
tivity test ( D S T ) aga r ( O x o i d ) c o n t a i n i n g 4 % 
(v/v) lysed hor se b l o o d . M a c C o n k c y agar 
(Oxoid). Dav i s a n d Nl ingio l i ' s m i n i m a l salts 
agar med ium w a s s u p p l e m e n t e d a s r e q u i r e d for 
auxotrophic E. coli J53-1 s t r a i n [10] . 

A n ti bacterial a gen is 

Trimethopr im lac ta te a n d s u l p h a m e t h o x a z o l e 
were gene rous g i f t s f r o m W e l l c o m e (Niger ia 
Ltd). Nalidixic ac id ( S i g m a C h e m i c a l C o . ) . 
Multidiscs fil ter p a p e r ( O x o i d ) c o n t a i n e d ni t ro-
furantoin ( N F , 200 f ig) , t e t r a c y c l i n e ( T e t . 30 
fig), ampicillin ( A m p . 25 n g ) , c o t r i m o x a z o l e 
(SXT, 25 fig), na l id ix ic a c i d ( N A , 30 fig); 
streptomycin ( S m , 30 f ig) ; g e n t a m i c i n ( C N . 
10 fig); s u l p h a f u r a z o l e ( S F , 5 0 0 j ig) . 

Sensitivity test 

Antibacterial suscep t ib i l i ty o f t h e i so la tes 
was initially d e t e r m i n e d b y t h e d i s c - d i f f u s i o n 
method using mul t id iscs of o x o i d a n d m a s t r i n g -
S with inocula of a b o u t 105 c f u / i n l . A r e f e r e n c e 
E. coli strain N C T C 10481 w a s i n c l u d e d a s c o n -
trol. Af t e r i ncuba t ion at 3 7 ° C f o r 24 h of in-
hibition a round ind iv idua l d i s c z o n e s , tes t a n d 
control s t rains w e r e c o m p a r e d a n d r e c o r d e d as 
sensitive or resis tant in r e l a t i o n t o t h e suscep t i -
bility of the con t ro l s t r a i n . 

The min imum i n h i b i t o r y c o n c e n t r a t i o n s 
(MIC) of the an t ibac t e r i a l a g e n t s w e r e d e t e r -
mined by inocula t ing t h e w e t - d r i e d D S T a g a r 
plates conta in ing d o u b l i n g c o n c e n t r a t i o n s of 
each of t r ime thopr im a n d s u l p h a m e t h o x a z o l e . 
MICs were r eco rded as t h e l o w e s t c o n c e n t r a -
tion of the an t ibac te r i a l a g e n t c o m p l e t e l y in-
hibiting visible g rowth a f t e r 48 -h i n c u b a t i o n at 
37°C. 
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Urinary E. coli and Klebsiella spp. 177 

R-plasmitl transfer 

The method of J o b a n p u t r a a n d D a t t a [11) 
was used. T r a n s c o n j u g a n t s w e r e se lec ted on 
McConkey agar con ta in ing ampieil l in (20 jig/ 
ml) and nalidixic acid (50 j ig/ml). D o n o r s 
tested for p resence of R-pIasmids w e r e resis tant 
to t r imethopr in i / su lp l i amethoxazo le a n d ampi -
eillin. T r a n s c o n j u g a n t s w e r e r e p u r i f i e d o n the 
same selective p la tes a n d tes ted f o r acqu i r ed 
antibiotic res i s tance . C o n f i r m a t i o n of t h e 
phenotypic t ra i ts of the t r a n s c o n j u g a n t s was by 
determining the rec ip ients g r o w t h r e q u i r e m e n t 
(proline and m e t h i o n i n e ) in min ima l sal ts a g a r 
medium. 

Tabic I. Frequency of the E. coli and Klebsiella spp. 
urinary isolates resistant to multi-antibiotic discs 

E. coli Klebsiella spp. 
Antibiotics tested n = 40 n = 35 

Nitrofurantoin 8 5 
Tetracycline 26 27 
Ampieillin 34 29 
Cotrimoxazole 32 26 
Nalidixic acid 0 2 
Sulphafurazole 40 35 
Streptomycin 16 20 
Gentamicin 4 2 

Curing experiment 

The modi f ied m e t h o d of R o t i m i a n d D u e r d e n 
|12) using sub- inh ib i to ry c o n c e n t r a t i o n s of acr i-
dine o r a n g e (32 j ig/ml) in n u t r i e n t b r o t h was 
used. 

Results 

Forty a n d 35 i so la tes of E. coli a n d Klebsiella 
spp. . respect ive ly , w e r e t e s t e d ; 32 a n d 26 re-
spectively, w e r e res is tant t o c o t r i m o x a z o l e disc 
(25 ng) (Tab l e 1). T h e disc-sensi t ivi ty tes ts 
closely a g r e e d wi th t h e M I C tes ts . T w e n t y of 
the E. coli a n d 18 of t h e Klebsiella s p p . w e r e re-
sistant to m o r e t han 20(H) (ig/ml t r i m e t h o p r i m . 
Table 2 s h o w s t h e c u m u l a t i v e p e r c e n t a g e of 
the sensit ivity prof i le to t r i m e t h o p r i m . Tr i -
methopr im M I C of 2 .5 ng/ml w a s used as t h e 
break-point fo r suscept ib i l i ty scor ing a p a r t f r o m 
the susceptibil i ty to c o t r i m o x a z o l e disk. T h i s 
was based o n the M I C of t r i m e t h o p r i m of 1 jig/ 
ml against the con t ro l s t ra in E. coli N C T C 
10481 and the fact that t h e s t a n d a r d c o n c e n t r a -
tion of t r i m e t h o p r i m in the t r i m e t h o p r i m -
sensitivity disc is 2 .5 Mg (Mas t r i ng -S ) . W i t h this 

classification only 5 % (2) of the 40 E. coli 
s t ra ins a n d 8 % (3) of the 35 strains of Klebsiella 
spp . fell into t h e sensit ive ca tegory in this s tudy. 
T h e high level t r imethopr im-res i s tan t s t ra ins 
were mul t ip le-res is tant to m o r e than th r ee ant i-
biotics. T h e mul t ip le - res i s tance , including that 
t owards the s u l p h o n a m i d c s , was t r ans fe rab le to 
sensit ive recipient E. coli J53-1. T a b l e 3 shows 
that ampieil l in ( A m p ) and tetracycl ine resist-
ance ( T c t ) were invariably p resen t in all the 
t r a n s c o n j u g a n t s , and the re w e r e no indicat ions 
of t r a n s p o s a b l e Tp- res i s t ance since the re was 
no res idual res is tance trait a f t e r cur ing the 
R-p la smid . 

Isolates of t r i m e t h o p r i m res is tance ( > 5 - 6 4 0 
mg/l) could not t r ans fe r t r ime thop r im resist-
a n c e . and the s u l p h o n a m i d e res is tance in these 
i so la tes was not t r ans fe rab le , a l though they 
possessed t r ans fe r ab l e R-p lasmids confe r r ing 
res i s tance to o t h e r ant ib io t ics . T h e res is tance of 
the t r a n s c o n j u g a n t s to the s u l p h o n a m i d c s was 
f o u n d to be b o t h R-p lasmid a n d ch romosoma l ly 
m e d i a t e d because relat ively lower levels of 
t r a n s f e r a b l e s u l p h o n a m i d e res is tance were 
f o u n d in mos t of the transconjugants. 

lablc 2. Cumulative percentage of MIC of trimethoprim ((ig/ml) for the bacterial strains 

Organism No. 1 2.5 5 10 20 40 80 160 320 640 1280 

£• coli (40) 1 5 8 — — — 10 12 16 18 100 

Klebsiella spp. (35) — *) 14 — — 25 — 32 — 40 100 
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178 E. E. Obaseiki-Ebor 

Tabic 3. Transferable resistance pattern of the E. coli 
and Klebsiella spp. urinary isolates 

No. donor isolates 
that transferred plasmid 

Antimicrobial resistance 
pattern transferred E. coli Klebsiella spp. 

Tp 0 0 
Su 0 0 
Tp Su 0 0 
Tp Su Tet Amp 20 18 
Tp Su Tet Amp Sm 20 18 
Tp Su Tet Amp Sm CN 3 1 
Tp Su Tet Amp Sm CN NT 2 2 

Tp: trimethoprim; Su: sulphafurazole or sulpha-
methoxazole; Tet. tetracycline; Sm: streptomycin; 
Amp: ampicillin; CN: gentamicin; NT: nitrofurantoin. 

Discussion 

T h e susceptibility of ur inary bacter ial i sola tes 
f rom U T I cases to t r ime thopr im a n d cotr i-
ir.oxazole has been studied in many coun t r i e s , 
notably in Grea t Britain a n d Fin land (5,6, 
•3-16) T h e -esults of this study showed a high 
incidence ci high level resistance of E. coli a n d 
ix/r ' t jiclla spp to t r ime thopr im, as a result of 
the con t inuous selection of t r ans fe rab le T p -
r o i s u n c e ^cne pool in the resistant s t ra ins . In 
Nigeria , it is commonly known that desp i te all 
e f for ts to officially control ant ib iot ic usage , 
antibiotics can still be freely pu rchased in 
open marke t s while the ex ten t and level of 
t r ime thopr im resistance has not actual ly b e e n 
known. A previous repor t showed tha t in the 
Lagos a r e a the re was a high incidence of E. coli 
resistance to co t r imoxazole [7| . T h i s s tudy 
agrees with that report and also showed that the 
p reva lence of t r imethopr im-res i s tan t E. coli 
and Klebsiella spp . was high a n d R-p lasmid me-
d ia ted . T h e high level of t r ans fe rab le R-p lasmid 
in the Klebsiella spp. isolates in this s t udy , 
howeve r , did not agree with the ear l ie r r e p o r t s 
that Klebsiella spp. had a little t endency t o 
confe r R-p lasmid-med ia tcd t r i m e t h o p r i m -
res is tancc (6,17). This indicates the n e e d for 
regular mon i to r ing of the susceptibi l i ty of local 
isolates to ant ibiot ics , in o r d e r to u n d e r s t a n d 
the prevai l ing ant ibiot ic activity against the 
local bacter ia l s t ra ins . T h e resul ts of this s tudy 
also indicate that the high incidence of t rans fe r -

able t r ime thopr im was probably d u e to the un-
cont ro l led use of t r ime thopr im/su lphonamide 
fo rmula t ions , as well as the increased select ion 
of the t r ime thopr im/su lphonamide gene pool 
Th i s is because there was bo th c h r o m o s o m a l -
and R-p lasmid-media tcd res is tance. H o w e v e r , 
t he re is no indicat ion of t r ansposab lc Tp-
resis tance in this s tudy since all the cu red 
t r a n s c o n j u g a n t s d o not re ta in any residual 
t r ime thop r im res is tance. N o a t t e m p t h a s b e e n 
m a d e to repor t the na tu r e of the R-p l a smids 
con fe r r i ng t r i m e t h o p r i m / s u l p h a m e t h o x a z o l e re-
s is tance in this s tudy. F u r t h e r s tud ies will be 
c o n c e r n e d with the var ious p lasmids i so la ted in 
this s tudy , with the a im of cha rac t e r i z ing t h e 
p lasmids a n d to gain an u n d e r s t a n d i n g of the i r 
in te r - re la t ionsh ips and r o u t e s of t r ansmiss ion 
t h r o u g h o u t the c o m m u n i t y . 
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