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ORIGINAL ARTICLE 

INTRODUCTION

Wound infection could result in prolonged hospital 
stay, increased trauma care, and high treatment 

costs if  not properly attended to. Gram-negative bacteria 
have been reported to be the major etiologies of  wound 
infections.[1-3] Extended-spectrum beta-lactamases 
(ESBL) are β-lactamases capable of  conferring bacterial 
resistance to the penicillins, first, second, and 3GCs, and 
aztreonam (but not the cephamycins or carbapenems)[4] 
and are usually encoded on plasmids which frequently carry 
genes encoding resistance to other classes of  antibiotics. 
Members of  the Enterobactericeae family are fast emerging as 
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important agents for the spread of  ESBL genes and strains 
of  K. pneumoniae, K. oxytoca, and E. coli have been reported.[5] 
A considerable geographical spread of  these β–lactamase-
producing bacteria is being reported and is becoming a 
global problem in treating infections with 3GC antibiotics. 
That ESBLs are encoded on plasmids and are, therefore, 
easily transmissible from one organism to another is a 
therapeutic challenge for physicians as resistance genes for 
other antimicrobials such as aminoglycosides, tetracyclines, 
and trimethoprim/sulfamethoxazole are often present on 
the same plasmid,[6-8] thereby contributing further to the 
narrowing of  the already limited treatment alternatives of  
choice of  antibiotics. 

There is currently scanty data on ESBL-producing 
organisms from wound infections in Nigeria and we have 
not come across documented report on the association of  
ESBL-producing bacilli with orthopedic wound infections 
in the Orthopedic Ward of  the OAUTHC, Ile-Ife, Nigeria. 
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We carried out a study to investigate the incidence of  
ESBL-producing Gram-negative bacteria in orthopedic 
wound infections here in Ile-Ife, Nigeria, and to determine 
the possible genetic medium of  transfer of  the ESBL-gene 
in vitro.

MATERIALS AND METHODS

Study design and sample collection

The study population comprised of  patients presenting 
with orthopedic wounds in the Adult Orthopedic Ward 
of  the Obafemi Awolowo University Teaching Hospitals 
Complex, Ile-Ife, Nigeria, located at latitude N 07° 30.246´ 
and longitude E 004° 34.247´. Seventy-three specimens 
were collected from 45 patients whose wounds had purulent 
discharges and complaints of  pain around the site of  the 
wounds. Pre-wound dressing swabs were collected with all 
aseptic precautions and were immediately transported to 
the research laboratory in sterile normal saline. Biopsies of  
soft tissue were obtained with the use of  a sterile scalpel 
and a forceps and suspended in tryptic soy broth (Biolab, 
Hungary). All specimens were immediately transported to 
the laboratory for microbiological analysis. 

Ethical approval

Clearance of  research involving human subjects or patient 
records was granted by the Ethics and Research Committee 
of  the Obafemi Awolowo University Teaching Hospitals’ 
Complex (OAUTHC), Ile-Ife, Nigeria, for this study.

Bacterial isolation and identification

The tissue biopsies and wound swab specimens were 
inoculated on blood and MacConkey agar plates 
(Oxoid, England) and were incubated at 37°C for 24 h. 
Identification of  bacterial isolates was done using 
colony and microscopic morphology as described by 
Cheesbrough[9] and conventional biochemical tests using 
the GNB 24E Microbact Kit (Oxoid, England) for Gram-
negative bacilli. Pure cultures in broth were stored in sterile 
glycerol at –20°C as stock and on tryptic soy agar (Biolab, 
Hungary) slants for further studies.

Antibiotic susceptibility testing of  isolates

The antibiotic susceptibility testing was performed 
by the Bauer-Kirby Disc Diffusion method.[9] The 
inoculum was prepared from an overnight culture in 
tryptic soy broth. From this culture, a 0.5 (625 nm) 
McFarland standard suspension was prepared in sterile 
normal saline, 0.85% NaCl (w/v) using a colorimeter 

(WPA, UK). This standard contains approximately 107 
CFU/ml. A sterile cotton wool swab was inserted into 
each test-tube containing the standardized inoculum 
suspension, rotated with firm pressure on the inside wall 
of  the test-tube to remove excess fluid and then used 
to inoculate the entire surface of  a dry sterile Mueller 
Hinton agar plate (Oxoid, England). The antibiotics used 
in the testing included aztreonam (30 μg), cefotaxime 
(30 μg), cefoxitin (30 μg), gentamicin (10 μg), nalidixic 
acid (30 μg), nitrofuratoin (300 μg), tetracycline (25 
μg), cotrimoxazole (1.25/23.75 μg), streptomycin (25 
μg), colistin (25 μg) and ampicillin (25 μg) on discs. All 
plates were incubated at 37°C for 24-36 h. The diameters 
of  zones of  inhibition were measured to the nearest 
millimeter using a ruler. Approved CLSI[10] susceptibility 
zone diameter interpretative standards were used. 

Extended-spectrum β-lactamase detection

ESBL resistance in Gram-negative bacilli was screened 
for using cefotaxime (30 μg) and aztreonam (30 μg) discs 
alone and confirmed by the CLSI method using cefotaxime 
and clavulanic acid combination disc on Mueller Hinton 
agar. A greater than or equal to a 5 mm increase in the 
zone diameter for cefotaxime tested in combination with 
clavulanate versus its zone diameter when tested alone 
confirmed an ESBL-producing organism.[10] 

In vitro conjugation experiment

Minimum inhibitory concentrations of  the antibiotics 
(cefotaxime, tetracycline, nitrofurantoin, cotrimoxazole, 
and gentamicin) used in the conjugation experiments 
were determined by agar dilution method as prescribed 
by CLSI.[10] Conjugation experiment was performed by 
the mating assay using the method of  Sambrook et al.,[11] 
in tryptic soy broth for six of  the ESBL isolates as donors 
(all confirmed sensitive to nalidixic acid) and E. coli ATCC 
25922 as the recipient which was confirmed as resistant 
to nalidixic acid and sensitive to all other antibiotics 
except ampicillin. A suspension of  each organism was 
made in the sterile tryptic soy broth and adjusted to 0.5 
McFarland Standard. The donor and the recipient were 
then mixed in a ratio 1:9 (50 µl of  the donor to 450 µl 
of  the recipient) and incubated on a MacConkey agar 
plate containing 128 μg/ml of  nalidixic acid (selective 
for the recipient) at 37°C for 2 h. Transfer of  resistance 
was read by observation of  recovery of  the recipient 
colonies on MacConkey agar containing the corresponding 
antibiotics at different concentrations (cefotaxime 8 μg/ ml, 
tetracycline 12.5 μg/ ml, cotrimoxazole 1.25/23.75 μg/ml, 
nitrofurantoin 100 μg/ml and gentamicin 5 μg/ml).
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DNA extraction

DNA extraction was performed using the Wizard Genomic 
Extraction Kit (Promega, Madison, USA) according to the 
manufacturer’s specifications. The extracted plasmid DNA 
preparations were separated on 0.8% agarose gel (Oxoid, 
Basingstoke, England) in a 1X TBE buffer and a 100 bp 
ladder (Promega, Madison, USA) was used as standard. 

Quality control

All prepared media were checked for sterility for 24 h. 
E. coli ATCC 25922 was used as a quality control strain for 
antibacterial susceptibility testing. The E. coli strain was also 
used as a negative control in the screening and phenotypic 
confirmatory tests of  ESBL-producing Gram-negative rods.

Data analysis

Data are presented as frequencies and/or percentages. 
Statistical analysis was performed using the chi-square (χ2) 
Fischer’s exact test in PAST software package by Hammer 
et al. (2001).[12]

RESULTS

The 45 orthopedic patients consisted of  31 (68.9%) males 
and 14 (31.1%) females approximately in the ratio 2:1 and 
which reflects the risk of  wounds resulting from automobile 
accidents. The most commonly administered antibiotics to 
the patients were the second and 3GC (cefuroxime and 
ceftriaxone), followed by gentamicin which was used in 
combination with the 3GC antibiotics. 

Out of  the 73 samples that were collected, 22 yielded 
multiple isolates (n=52; swab 22, biopsy 30) while 50 
yielded single isolates (n=50; Swab 28, Biopsy 22); 1 sample 
yielded no isolate. Out of  the 102 Gram-negative bacteria 
isolates recovered (n=36, 35.3%) were positive for ESBL 
made up mainly of  the members of  the Enterobacteriaceae 
family (n=33, 32.4%), while the rest constituted the oxidase 
positive bacilli (n=3, 2.9%) [Table 1]. The predominant 
bacteria among the ESBL producers were the Klebsiella spp. 
(12) and E. coli (6), Serratia rubidae, and Citrobacter freundii 
(4 each). Others were Proteus spp. (3), Providencia stuartii (2), 
Enterobacter spp., Morganella morganii, and Pseudomonas spp. 
(1 each). Isolates of  Acinetobacter baumannii, Salmonella spp., 
and Yersinia enterocolitica were negative for ESBL production.

A significant association was seen to exist between 
treatment with 3GC and the isolation of  ESBL from 
patients (P=0.002); the presence of  co-morbidities 

(malaria, diabetes mellitus, hypertension, hospital acquired 
pneumonia, hemorrhage, septicemia, renal failure and 
epilepsy) was also significantly related to the acquisition of  
ESBL-producing bacterial isolates (P=0.012) [Table 2]. The 
minimum and maximum lengths of  stay in the hospital were 
7 days and 365 days respectively, while the mean was 82 
days. Thirty-nine (86.7%) of  the 45 patients were eventually 
discharged without full healing to be followed up at the 
outpatient clinic. The final outcome of  their clinical status 
was not investigated.

More than 50.0% of  the ESBL isolates were resistant 
to all the tested antibiotics except colistin (36.0%). All 
were resistant to ampicillin [Table 3]. The mating assay 
showed that six (6) of  the multiple resistance phenotypes 
observed for the ESBL isolates were transferred within 
2 h at 37°C and confirmed in the trans-conjugants 
except for streptomycin, colistin, and cefoxitin in 
different combinations and which are suspected to be of  
chromosomal origin [Table 4]. The frequency of  transfer 
of  the cefotaxime-resistance phenotype ranged from 2.70 
to 3.60×10–6 of  transconjugants per recipient cells. The 
resistance phenotype was picked up by all the colonies of  
the recipient within 2 h.

The gel electrophoretic mobilities of  plasmid DNA of  
the ESBL isolates and the corresponding trans-conjugants 
confirmed three plasmids of  approximately 8.872 kb, 
9.772 kb, and 10.765 kb sizes among the isolates [Figure 1].

DISCUSSION

This study has demonstrated the existence of  ESBL-
producing Gram-negative bacteria here in Ile-Ife, Nigeria. 

Table 1: Frequencies of ESBL-producing strains 
among Gram-negative bacteria isolated from 
orthopedic wounds
Bacterial isolates Total no. of isolates Frequency of ESBL- 

positive strains (%)

Pseudomonas spp. 19 1 (1.0)

Klebsiella spp. 18 12 (11.7)

E. coli 15 6 (5.9)

Proteus spp. 15 3 (2.9)

Burkholderia spp. 9 2 (2.0)

Acinetobacter baumannii 7 0 (0.0)

Serratia rubidae 5 4 (3.9)

Citrobacter spp. 4 4 (3.9)

Providencia spp. 3 2 (2.0)

Enterobacter spp. 3 1 (1.0)

Salmonella spp. 2 0 (0.0)

Yersinia enterocolitica 1 0 (0.0)

Morganella morganii 1 1 (1.0)

Total 102 36 (35.3)
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The incidence rate in wound samples was about 35%, 
higher than 18% reported in India[13] but much lower 
than 77% in Saudi Arabia.[14] Klebsiella spp. and E. coli were 
consistently the most encountered in all the studies. 

Infection of  wounds by microorganisms is most often 
associated with prolonged hospital stay with the attendant 

risk of  acquisition of  multiple resistant organisms from 
medical devices[4] and hospital environment. Our study 
has demonstrated a significant relationship between co-
morbidities and acquisition of  ESBL-producing Gram-
negative bacteria. The long stay in the hospital calls for 
concern as the patients from whom most of  the ESBL 
isolates were recovered spent longer periods in the hospital 

Table 2: Isolation of ESBL producers in relation to administration of 3GC to the patients and the 
presence of co-morbidities in the patients
Isolation of ESBL-producing bacteria from patients No. of patients administered with 3GCs* Total No. of patients with co-morbidities* Total

3GC+ve 3GC–ve  Co-morbid +ve Co-morbid –ve

ESBL+ve 24 0 24 17 7 24

ESBL–ve 14 7 21 7 14 21

Total 38 7 45 24 21 45

*3GC+ve=drug administered; 3GC-ve=drug not administered; χ2=9.474, P=0.002, df=1; *Co-morbid +ve=patients with co-morbidities; Co-morbid -ve=patients without 
co-morbidities; X2=6.328; P=0.012; df=1

Table 4: Comparison of the antibiotic resistance 
phenotypes of the ESBL donors and the 
corresponding trans-conjugants
ESBL isolates 
(Lab. Codes)

Antibiotic resistance phenotypes*
†Donors Trans-conjugants

E. coli  
(GBB 008)

FoxrStrrTetrGenrCotrNitrCtxrAtmr TetrGenrCotrNitrCtxrAtmr

K. pneumoniae  
(GBB 009)

StrrTetrGenrCotrNitrCtxrAtmr TetrGenrCotrNitrCtxrAtmr

B. pseudomallei  
(GBB 032)

StrrTetrGenrCotrNitrCtxrAtmr TetrGenrCotrNitrCtxrAtmr

K. pneumoniae  
(GBB 046)

FoxrTetrGenrCotrNitrCtxrAtmr TetrGenrCotrNitrCtxrAtmr

P. vulgaris  
(GBB 089)

ColrStrrTetrGenrCotrNitrCtxrAtmr TetrGenrCotrNitrCtxrAtmr

P. stuartii  
(GBB 111)

ColrTetrGenrCotrNitrCtxrAtmr TetrGenrCotrNitrCtxrAtmr

FOX=cefoxitin; GEN=gentamicin; STR=streptomycin; TET=tetracycline; 
AMP=ampicillin; COL=colistin; NIT=nitrofurantoin; NAL=nalidixic acid 
COT=cotrimoxazole; CTX=cefotaxime; ATM=aztreonam; r=resistant; *Bold 
phenotype highlights resistance in the donor that was not transferred to the 
recipient thus suggesting chromosomal origin in the donor; †The selected donors 
were sensitive to nalidixic acid to which the ATCC 25922 recipient is resistant 
in addition to ampicillin resistance

Table 3: Frequencies of antibiotic resistance phenotypes among the ESBL-producing bacterial isolates
Bacterial types Total no. of 

isolates
Antibiotic phenotype

FOX GEN STR TET AMP COL NIT NAL COT

Pseudomonas spp. 1 1 1 1 0 1 0 1 1 1

Klebsiella spp. 12 2 10 11 8 12 2 8 9 11

Escherichia coli 6 3 5 4 4 6 2 5 4 4

Proteus spp. 3 1 3 2 3 3 3 3 3 3

Burkholderia spp. 2 2 2 2 2 2 0 2 2 2

Serratia rubidae 4 4 4 3 3 4 3 4 4 4

Citrobacter freundii 4 4 3 3 3 4 0 3 3 4

Providentia stuartii 2 0 2 0 2 2 2 2 2 2

Enterobacter spp. 1 1 1 1 1 1 0 1 1 1

Morganella morganii 1 1 1 1 1 1 1 1 1 1

Total 36 19 32 28 28 36 13 30 29 33

Percentage 53 89 78 78 100 36 83 81 92

FOX=cefoxitin; GEN=gentamicin; STR=streptomycin; TET=tetracycline; AMP=ampicillin; COL=colistin; NIT=nitrofurantoin; NAL=nalidixic acid; COT=cotrimoxazole

Figure 1: Plasmid DNA sizes of the donors and corresponding 
trans-conjugants. A=P. stuartii (8.872 kb), B=trans-conjugant of 
A (8.872 kb), C=P. vulgaris (8.872 kb), D=trans-conjugant of C 
(8.872 kb), E=K. pneumoniae (10.765 kb), F=trans-conjugant of E 
(10.765 kb), G=B. pseudomallei (10.765 kb), H=trans-conjugant of 
G (10.765 kb), I=K. pneumoniae (9.772 kb), J=trans-conjugant of I 
(9.772 kb), K=E. coli (9.772 kb), L=trans-conjugant of K (9.772 kb)
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in spite of  persistent treatment with antibiotics in different 
combinations. The treatment failure was at high costs to 
the patients most of  whom were eventually discharged for 
the lack of  ability to meet up with hospital bills. 

The observed association between therapeutic 
administration of  3GCs and isolation of  ESBL producers 
from patients has also been reported in other studies[15,16] as 
well as fluoroquinolone and aminoglycosides.[17] However, 
about 65% of  the ESBL isolates were sensitive to colistin. 
Bishara et al.,[18] and Urbanek et al.,[19] have reported that 
100% of  their ESBL isolates were sensitive to colistin. 
Colistin was not administered to any of  the patients in 
this study which again raises the question of  the need for 
continual routine screening for antibiotic sensitivity of  
bacteria during therapy and which could have reduced the 
level of  treatment failure observed.

Studies have shown that resistance to 3GCs was 
accompanied by resistance to other groups of  antibiotics[20,21] 
and were borne on plasmids. ESBL resistance genes in our 
isolates were consistently found co-migrating with other 
five antibiotics, constituting an additional challenge for 
effective treatment of  other infections in which these 
bacteria might be involved. 

CONCLUSION

The detection of  multiple antibiotic resistances among 
the ESBL-producing Gram-negative bacteria in this study 
is a challenge that has serious consequences on infection 
control and hospital management of  patients, and calls for 
proactive mitigation strategies. There has been treatment 
failure with the attendant high cost and discomfort to 
the patients. These problems have to be addressed. For 
enhanced therapeutic management of  bacterial infections, 
there is need to encourage routine continual monitoring 
and evaluation of  antibiotic treatment regimen and choice 
of  drugs. It would appear that an epidemiological clone 
of  an ESBL gene co-existing with resistant genes to other 
five antibiotics on the same plasmid DNA exists and is 
circulating here in Ile-Ife, Nigeria. We intend to investigate 
this further.
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