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Summary 
During a 24-month period, January 2001 - December 
2002, 404 wound swabs from 390 patients made up 
of 280 from surgical wounds, 92 from ulcers and 32 
from other wounds like lacerations and discharging 
sinuses were studied. The prevalence of bacterial 
organisms and their antibiotic susceptibility pattern 
was analyzed, using standard bacteriologic techniques. 
Two hundred and sixty four organisms (69.8%) were 
isolated from surgical wounds, 82 (21.7%) from ulcers 
and 32 (8.5%) from other wounds. Coliforms were 
the most predominant organisms in surgical wounds 
(63.5%), while pusle in ulcers, proteus species were 
the most prevalent (37.2%). Multiple microbial 
infections were c o m m o n {22.1% and 24.6%) in 
surgical wounds and ulcers respectively. Antibiotic 
resistance by the isolates to commonly used antibiotics 
like Ampicillin,Tetracycline, Cotrimoxazole was high. 
The isolates were most sensitive to Ciprofloxacin and 
Ofloxacin. Restriction of the use of broadspectrum 
antibiotics in the treatment of wound infections should 
be enforced, while better collaboration between the 
clinical microbiologist and surgeon should be practiced 
especia l ly with respect to infect ive preventive 
measures. 
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R e s u m e 
De Javier 2001 a Deccmbre 2002, 404 specimens 
des blessures de 390 patients provenaient des 280 
de blessures chirurgicales. 92 des ulceres et 32 des 
blessures des lacerations el decharges des sinus 
elaienl etudies. Le laux de prevalence des bacteries 
el leur frequence de susceptibilite aux anlibiotiques 
etaienl analyses utilisanl des techniques standard 
bacleriologiques. Deux cent soixante quatre des 
organismes (69.8%) etaienl isoles des blessures 
chirurgies, 82 (21 .1%) des ulceres et 32 (8.5%) 

d'autres types de blessures. Les Coliformes etaient Ies 
organismes les plus predominant en chirurgie des 
blessures (63.5%), lorsque les ulceres, Fespece proteus 
etaient les plus prevalent (37.2%). Les infections 
microbiennes multiples etaient communes (22.7%- et 
24.6%) en chirurgie des blessures et des ulceres 
rcspectivement. La resistance aux anlibiotiques par les 
isoiats les plus utilises lei que I \impiei I line. Tetracycline, 
Colrimoxa/ole elail elevee. Les isoiats etaienl plus 
sensible au Ciprotloxacine et Ofloxacine. La restriction 
sui Temploi des antibiotiques de specire generale dans 
le iraitement des infections des blessures, en plus des 
collaborations enire les microbiologistescliniqueset les 
medecins doit etre renforcce pour respecter les mesures 
preventives 

Introduction 
Infection of the operative wound is as old a problem, 
as surgery is an art and surely older than surgery as 
a science [ I | . Nosocomial wound infections in 
suriiical patients is an undesirable complication, which 
considerably contributes to higher costs and can 
increase the patient mortality risk [2J. Sepsis is the 
most frequent single cause of death after surgery or 
trauma and after 3 days, it causes the overwhelming 
majority of deaths [3). In the United states of 
America, the National Centre for disease control 
estimates that 325,000 surgical wound infections 
occur each year 14]. Thus wound infec t ions 
constitute a big burden on health care in a nation and 
by also prolonging the duration of hospitalization, 
increases the financial burden of the patient. 

Different organisms have been associated with 
wound infections [5,6|. Organisms causing wound 
infections have been investigated in other parts of 
Nigeria [7,8,9,10,111 but no investigation has been 
carried out in Enugu, Nigeria. This study reports on 
the pattern of wound infections in a tertiary care 
hospital and their antibiotic susceptibility patterns. 
This will help to guide the establishment of policies 
for empirical antibiotic treatment and control of 
antibiotic use. 
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Materials and methods 
A prospective study of bacteria isolated from infected 
wounds of patients at the University of Nigeria 



342 UC Ozumba 

T e a c h i n g Hosp i t a l ( U N T H ) , E n u g u w a s car r ied out 
b e t w e e n J a n u a r y 2001 and D e c e m b e r 2 0 0 2 . Both 
inpa t i en t s and o u t p a t i e n t s w e r e invo lved . A total o f 
4 0 4 w o u n d swabs m a d e up f r o m 2 8 0 surgical wounds , 
9 2 ulcers and 32 o thers such as lacerat ions and s inuses 
w e r e inves t iga ted . 

All the s p e c i m e n s w e r e inocu la t ed on b lood 
aga r (B io tee , U K ) and M a c C o n k e y A g a r (Bio tec , 
UK) and incubated at 37"C for 2 4 - 4 8 hours . Colonial 
m o r p h o l o g y of the i so la tes w e r e o b s e r v e d and G r a m 
stain p e r f o r m e d . T h e i so la tes w e r e then ident i f ied 
u s i n g s t a n d a r d b a c t e r i o l o g i c a l t e c h n i q u e s ( 12). 
A n a e r o b i c c u l t u r e s w e r e n o t r o u t i n e l y d o n e . 
Ant ibiot ic suscept ib i l i ty tests w a s d o n e on sensit ivity 
test agar (Biotec , U K ) us ing the disc d i f fus ion method 
in a c c o r d a n c e w i t h t h e N a t i o n a l C o m m i t t e e fo r 
Cl in ical L a b o r a t o r y s t a n d a r d s [ 13). Staphylococcus 
aureus ( A T T C 2 9 2 1 3 ) and Escherichia coli ( A T C C 
3 5 2 1 8 ) w e r e used as con t ro l o r g a n i s m s for the tests. 
Data w e r e co l l ec ted on the type of s p e c i m e n , year , 
the bacterial isolate , the an t ib io t ic sensi t ivi ty pattern, 
the a « e and sex . 

R e s u l t s 
A total ol 4 0 4 w o u n d s w a b s w e r e col lec ted f rom 
3 9 0 p a t i e n t s . T h r e e h u n d r e d a n d s e v e n t y e igh t 
o r g a n i s m s were i so la ted . T h e s e inc lude 205 (54 .2%) 
f r o m the adult w a r d s (males and females) , 84 (22.2%) 
f r o m the genera l ou tpa t i en t c l in ics , 4 9 (12 .9%) f rom 
the acc iden t and e m e r g e n c y unit and 4 1 ( 1 . 8 % ) f rom 
the paed ia t r i c wards . 

T w o h u n d r e d a n d s i x t y f o u r o r g a n i s m s 
( 6 9 . 6 % ) w e r e i s o l a t e d f r o m su rg i ca l w o u n d s , 82 
( 2 1 . 7 % ) f r o m u l c e r s a n d 32 ( 8 . 5 % ) f r o m o t h e r 
w o u n d s s u c h as l a c e r a t i o n s a n d s i n u s e s (Tab le 1). 
P u r e g r o w t h s o f t h e i n f e c t i n g o r g a n i s m w e r e 
r e c o r d e d in 7 9 . 9 % , w h i l e 20 .1 % y i e l d e d a m i x t u r e 
of t w o o r m o r e o r g a n i s m s . 

I able I: Prevalence of bacterial isolates from infected 
wounds 

Sources of Samples Number 
Collected 

Number 
Positive 

Percentage 
Positive 

Surgical wounds 280 264 69.8% 
Ulcers 92 82 21.7% 
Other wounds* 32 32 8.5% 
Total 404 378 l(X)% 

! Oilwi wounds un hide Uu cKUions. diInn i>iny \inn.\t'\ 

Col i f o r m s and p r o t e u s s p e c i e s we re the most 
p r e d o m i n a n t o r g a n i s m s , a c c o u n t i n g for 140(37 .1%) 
and 117 ( 3 0 . 9 % ) r e s p e c t i v e l y (Tab le 2) . Coli forms 
w e r e r e s p o n s i b l e f o r 115 ( 4 3 . 5 % ) of surgical wound 
in f ec t i ons , f o l l o w e d by P r o t e u s and Pseudomonas 
species 8 2 ( 3 1 . 1 % ) a n d 51 ( 9 . 3 % ) respec t ive ly . 
Proteus species a c c o u n t e d fo r the h ighes t number 
of i so la tes f r o m i n f e c t e d u l c e r 3 0 ( 3 7 . 2 % ) followed 
by P s e u d o m o n a s a n d Col i f o r m s 21 ( 2 6 . 8 % ) and 19 
(22.1 % ) r e spec t i ve ly . 

Table 2: Types and frequency of bacterial isolates from 
infected wounds 

Bacterial species Surgical Ulcers Others Total 
wounds 

No. (%) No. ( %) No. (%) No. (%) 

Coliforms 115(43.5) 19(22.1) 6(18.9) 140(37.1) 
Proteus 8 2 ( 3 1 . 1 ) 30 (37 .2 ) 5(15.6) 117(30.9) 
Pseudomonas sp. 51 (19.3) 21 (26.8) 0 ( 0 ) 72(19.1) 
S. aureus 13 (4.9) 1 2 ( 1 3 . 9 ) 14(43.8) 39(10.3) 
Enterococcus 2 (0.8) 0 3 (9.4) 5(1.3) 
Beta-haemolytic 
Streptococcus 1 (0.4) 0 2 (6.2) 3 (0.79) 
Coagulasc negative 
Staphylococcus 0 (0) 0 2 (6.2) 2 (0.52) 
Tola! 2 6 4 ( 1 0 0 ) 8 2 ( 1 0 0 ) 32(100) 378(100) 

G e n e r a l l y , t h e i so l a t e s w e r e m o s t sensit ive to 
Of loxac in and C i p r o f l o x a c i n (Table3) . All the species 
e x h i b i t e d m a r k e d r e s i s t a n c e to c o m m o n l y used 
antibiotics like Ampic i l l in ,Te t racyc l ine , Cotrimoxazole 
a n d s u l p h o n a m i d e s . T h e c o l i f o r m s w e r e 9 9 % 
s e n s i t i v e to b o t h C i p r o f l o x a c i n and Of loxac in and 
m o d e r a t e l y s e n s i t i v e to c o l i s t i n a n d G e n t a m y c i n 
( 6 1 . 4 % a n d 6 0 . 7 % r e s p e c t i v e l y ) ( T a b l e 3 ) . 
Pseudomonas aeruginosa a n d p r o t e u s s p e c i e s 
s h o w e d app rec i ab l e sensi t ivi ty to the quinolones , while 
t h e y b o t h e x h i b i t e d c o m p l e t e r e s i s t a n c e to the 
c o m m o n l y u s e d a n t i b i o t i c s , n a m e l y A m p i c i l l i n , 
t e t r a c y c l i n e a n d C o - t r i m o x a z o l e ( T a b l e 3 ) . 
Staphylococcus aureus w e r e m o s t s e n s i t i v e to 
O f l o x a c i n a n d C i p r o f l o x a c i n ( 9 2 . 8 % and 9 2 . 0 % 
respec t ive ly ) (Tab le 3), w h i l e they both exhibited very 
l o w s e n s i t i v i t y ( 9 . 6 % ) t o b o t h A m p i c i l l i n a n d 
C o t r i m o x a z o l e . 

D i s c u s s i o n 
T h e mos t i m p o r t a n t bac te r i a l pa thogens in infected 
w o u n d s in t h i s s t u d y w e r e C o l i f o r m s , Proteus 
species. Pseudomonas species and Staphylococcus 
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Table 3: Percentage sensitivity of the isolates 

Antibiotic Coliform Proteus species Psetulomonas species S. aureus 
No. tested No. tested No. tested No. tested 
(percentage (percentage (percentage (percentage 
sensitive) sensitive) sensitive) sensitive) 

Tetracycline 140(18.6) 117(0) 72(0) 39(69.2) 
Co-trinioxa/olc 140(2.8) 117(0) 72(0) 31(9.6) 
Ampieillin 140(13.7) 117(0) 72(0) 31 (9.6) 
Ciprofloxacin 110(99) 99(91.7) 66(91.7) 28(92) 
Ofloxacin 110(99) 101(82.2) 66(81.8) 28(92.8) 
Gcnlamycin 140(60.7) 100(15) 72(66.7) 39(84.6) 
Coli st in 140(61.4) KXX8) 72(72.2) 39(51.3) 
Carbcnicillin - - 72(54.1) -

Tobramycin - - 71(53.5) -

Erythromycin - - - 39(76.9) 
Cloxacillin - - - 39(71.8) 

- means not tested. 

aureus. Th is is s imilar to reports f rom other centres 
both in Nigeria and o ther parts of the world 114-19|. 
T h e least c o m m o n o r g a n i s m s were s t reptococci 
1.3%, en te rococc i 0 . 7 9 % and coagula.sc negative 
s taphylococci 0.52%. 

Genera l l y , G r a m - n e g a t i v e o r g a n i s m s were 
far m o r e p r e d o m i n a n t than G r a m - p o s i t i v e with 
p r e v a l e n c e ra tes of 8 7 . 1 % . Repor t s f rom other 
c e n t r e s in N i g e r i a | 18 ,20) a l s o c o n f i r m e d the 
p r e d o m i n a n c e of G r a m - n e g a t i v e bacill i in wound 
i n f e c t i o n s . O t h e r s 110 ,18 ,19) h o w e v e r , f ound 
Staphylococcus aureus to be more predominant . 
T h e d i f f e r e n c e may be due to the type of serv ices 
r ende red by the d i f f e r en t hospi ta l s , with varying 
ra tes of use of an t ib io t i c s and the extent to which 
i n f e c t i v e p r e v e n t i v e m e a s u r e s p a r t i c u l a r l y 
p r o p h y l a x i s a r e p r a c t i c e d . A sh i f t f rom Gram 
pos i t ive to G r a m nega t ive bacter ia l aet iology has 
been d e m o n s t r a t e d |21 ] and this was at t r ibuted to 
the w i d e s p r e a d and in tens ive use of ant ib iot ics as 
well as the new and c o m p l e x surgical opera t ions 
and p r o c e d u r e s n o w p e r f o r m e d . Such a s h i f t 
c anno t be c o n f i r m e d in the present study, s ince no 
p rev ious s tudy has been car r ied out . 

T h e r e was a l so a d i f f e r e n c e in the re la t ive 
f r equency of isolated o r g a n i s m s in the d i f fe ren t 
types of w o u n d infec t ions . C o l i f o r m s accounted 
fo r 43.5%- of i s o l a t e s f r o m s u r g i c a l w o u n d s , 
fo l lowed by Proteus sp. (31 .1%) , whi le Proteus 
species p r edomina ted in in fec ted ulcers (37 .2%) 
fo l lowed by Pseudoniouas species (26 .8%) . This 
c o n t r a s t s wi th the s t u d y by o t h e r s | 171 w h e r e 
Staphylococcus aureus p r edomina t ed in surgical 

w o u n d s and Pseudotnoiut.s species in u l c e r s . 
Coli fo rms have been reported to abound around 
the groins of even normal individuals [22]. Thei r 
high incidence in this s tudy could be an indication 
of poor asept ic techniques . 

T h e r e w a s a m a r k e d r e s i s t a n c e by the 
isolates to the c o m m o n l y used ant ibiot ics , as was 
also observed by many o thers [10,17,19) . T h e 
isolates were most sens i t ive to the qu ino lones -
Ciprof loxac in and Of loxac in . Thei r high cost is 
however a ser ious d i sadvan tage in a communi ty 
where a high pe rcen tage of the populace cannot 
a f fo rd them. Most of the isolates, except proteus 
spp. showed modera te sensit ivi ty to Gcntamic in , 
which can be cons idered in s i tuat ions where the 
cos t of the q u i n o l o n e s is a p r o b l e m . A l so a 
combination of gcntamicin and metronidazole could 
be u s e d f o r e m p i r i c t h e r a p y a n d s u r g i c a l 
prophylaxis. 

T h e high p r e v a l e n c e of res i s tance of the 
isolates to Ampieillin, Cotrimoxazole, Tetracycline may 
be due to the abuse and misuse of these drugs. The 
drugs are easily available in chemist shops without 
doctor 's prescription. Published information on the 
types and antibiotic susceptibility of bacteria isolated 
in this communi ty is not regularly available, thus 
leading to a tendency to prescribe antibiotics for 
prophylaxis and therapy indiscriminately. Moreover, 
the use of broadspectrum antibiotics in the treatments 
of wound infections must be avoided. 

To s l o w t h e d e v e l o p m e n t of a n t i b i o t i c 
resistance, infective prevention measures, particularly 
antibiotic prophylaxis should be re-valuated. 
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