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Abstract

Owing to the increasing epidemiological and therapeutic challenges associated with infections due to ESBL producers, ESBL prevalence rate 

among some bacteria isolates from healthy and non-healthy human population in a metropolitan Nigerian setting was evaluated. 

A total of one hundred and forty-fi ve () bacteria strains were isolated from a total of four hundred and sixty () samples collected from 

urine, wound, throat and anal swabs of  healthy volunteers in the community and from  patients in  secondary and  tertiary hospitals 

(altogether, ) in Enugu metropolis. Th e presumptive confi rmatory test used for ESBL detection was the Double Disc Synergy Test (DDST) 

method. Conjugation and plasmid curing studies were also done for resistance factor determination. 

Of the  isolates,  were ESBL producers with  of these ESBL producers being of community origin and  from hospitals. Th is 

translates to . and  incidences (comparably higher than established prevalence of . and . respectively) for community and hospital 

infections respectively. Th e ESBL isolates showed high resistance to tetracycline, gentamicin, pefl oxacin, ceftriaxone, cefuroxime, ciprofl oxacin 

and Augmentin® (Amoxicilin and clavulanic acid combination). Conjugation studies for Resistance plasmid transfer showed non-transference 

of resistance determinants between the ESBL transconjugants and recipient strains. Correspondingly, the plasmid curing studies revealed that 

the acridine orange could not eff ect a cure on the isolates as they still retained high resistance to the antibiotics after the treatment. 

Th is study confi rms the growing incidences/pool of ESBL strains in Nigeria and call for widespread and continuous monitoring towards an 

eff ective management of the potential therapeutic hurdle posed by this trend.

 ©  Association of Basic Medical Sciences of FBIH. All rights reserved
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INTRODUCTION

Th e introduction of third- and fourth-generation cephalospo-

rins as therapeutic agents has been followed by the dissemi-

nation of diff erent extended-spectrum b-lactamases (ESBLs) 

that hydrolyse those b-lactam drugs and also monobactam 

antibiotics. ESBL are bacterial enzymes that hydrolyse and 

confer resistance to modern cephalosporin antibiotics. Th ey 

constitute the major mechanism of resistance to second, 

third and fourth generation cephalosporins (for example: ce-

furoxime, cefotaxime, ceftriaxone and ceftazidime) [-]. Ad-

ditionally unfortunate is the discovery that ESBL-producing 

organisms often also possess resistance determinants to other 

important antibiotic groups, such as aminoglycosides and fl u-

oroquinolones, leaving an extremely limited range of eff ective 

agents []. ESBLs have been found in a great number of diff er-

ent bacterial species, but more frequently in Escherichia coli 

and Klebsiella pneumoniae [, ]. Th ere have also been reports 

of the growing concern of the Enterobacteriaceae and Pseu-

domonas spp producing extended-spectrum b-lactamases 

(ESBLs) among nosocomial and also community-acquired 

infections [-]. Clinicians, microbiologists, infection con-

trol practitioners, and hospital epidemiologists are concerned 

about ESBL-producing bacteria because of the increasing in-

cidence of such infections, the limitations of eff ective antimi-

crobial drug therapy, and adverse patient outcomes [, -]. 

In Nigeria, there have been reports of the reoccurring cases 

of antimicrobial resistance by most pathogenic organisms 

against many antibiotics []. Moreover, fractional isolated 

studies establishing the presence of ESBL producing bacteria 
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clinical isolates from specifi c localities within the Western 

and Eastern part of the country have also been reported [-

]. Th ese initial preliminary reports have further heightened 

the necessity of extending similar studies to cover more un-

sampled localities, to further harmonize the epidemiological 

data base, and the need for a continuous epidemiological 

monitoring of the prevalence rate of these ESBL bacteria iso-

lates. Data generated from such foregoing exercises would 

not only defi ne the existent bacteria resistance indices but 

also clearly serve as a useful baseline in determining the ratio-

nal and eff ective chemotherapeutic options for the manage-

ment of infectious disease due to the ESBL bacteria organisms. 

It is therefore based on these established premises that 

this present study was carried out to determine the 

prevalence rate of these pathogenic ESBL-producing en-

terobacteriaceae organisms in the sampled community. 

MATERIALS AND METHODS

Microorganisms

Samples were collected over a fi ve months period between 

October  and February . Informed consent and ethi-

cal approval was obtained. A total of four hundred and sixty 

() samples (urine (), vaginal (), anal (), wound 

(), and throat swabs ()) were collected. Two hundred 

and twenty () samples from , , and  healthy hu-

man volunteers in the community aged -, -, and -

 years respectively, while two hundred and forty samples 

() from  and  patients aged -, and - re-

spectively from four () hospitals comprising University of 

Nigeria Teaching Hospital (UNTH); Enugu, National Or-

thopaedic Hospital, Enugu (NOHE), Ntasiobi Ndinona 

Afufu (NONA), and Reego Laboratories, Enugu. Sixty eight 

() and one hundred and seventy-two () samples from 

hospital patients were collected below and over  hours 

post-admission respectively. Characterization of isolates was 

according to recommended standard technique by the Na-

tional Committee for Clinical Laboratory Standard (NCCLS).

Culture Media and Reagents 

Th ey include Nutrient broth (Oxoid, England), mannitol salt 

agar (Oxoid, England) nutrient agar (Fluka Spain) and pep-

tone water. Sucrose, mannitol, Gram Staining reagents, buf-

fer solution, Tris-ethylenediamine tetra- acetic acid sodium 

sulfate (TENS), sodium acetate, peptone, Ethidium bromide 

and Bromo – phenol blue were all analar grade reagents.

Antibiotic Discs

Antibiotic discs used were obtained from Oxoid (Eng-

land) and they include ceftriaxone (μg), Clindamy-

cin (μg), Ciprofloxacin (μg), Cefuroxime (μg), 

Augmentin®(Amoxicillin and clavulanic acid) (μg), Gen-

tamicin (μg), Pefloxacin (μg), Imipenem (μg), Ce-

fotaxime (μg), Ceftazidime (μg), Tetracycline (μg).

Antibiotic Sensitivity test

Antibiotic sensitivity of the isolates was determined using pre-

viously established procedure []. Briefl y, the isolates were 

cultured in nutrient broth at C for  h. Two () loopfuls 

of the suspension of each isolate were inoculated into ml 

of sterile molten agar in  cm diameter Petri dishes and 

mixed. Th e plates were allowed to set and the antibiotic Sen-

sitivity discs were aseptically placed on their surfaces. Th e 

plates were incubated at C for  h and the resultant in-

hibition zone diameters (IZDs) were measured and recorded. 

Test for ESBL Production

Th e isolates were tested for ESBL production using the dou-

ble disc synergy test (DDST) method. . A combination disc 

(Amoxicillin  μg and Clavulanic acid  μg) was placed at 

the centre of the Petri dish and antibiotics (Ciprofl oxacin  

μg and Cefuroxime  μg) were placed  mm apart on both 

sides of the plates. It was incubated at oC for  hours after 

which the various inhibition zone diameters were measured.

Resistance Transfer

Resistance transfer to ascertain if the resistance determinants 

were plasmid mediated was determined by conjugation test. 

ESBL positive isolates of Klebsiella pneumoniae, Klebsiella 

oxytoca, Escherichia coli and Pseudomonas aeruginosa were 

mated with an Escherichia coli recipient strain that is rifampi-

cin resistant and susceptible to Antibiotic Resistant Markers 

(ARM) that will include gentamicin, ampicillin, tetracycline, 

chloramphenicol and trimethoprim/sulphamethoxazole. 

Recipient and donor strains were grown in Mueller Hinton 

broth at  C for - hr. Th e donor and recipient strains 

were mixed in a ratio of (:) and incubated for  hours at  

C. Samples of  ml and  ml of donor to recipient mixture 

were spread-plated on the surface of MacConkey agar plates 

supplemented with  mg/ml of rifampicin and  mg/ml of 

ampicillin (oxoid U.K) and incubated at   C for  –  hr. 

Samples from the donor and recipient were used as control.

Plasmid Curing 

Further confirmatory plasmid curing studies were carried 

out to further confi rm the location of the resistance deter-

minants. Briefl y, the organisms were grown at   C for  

–  hr in Mueller Hinton broth. The organisms were di-

luted to x cfu/ml in Mueller Hinton broth and . mg/

ml of acridine orange was added to the  hr broth and in-

cubated at   C for  hr. Th e cells were tested for plasmid 

curing by subjecting them to further antibiogram studies.
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RESULTS

Table  shows the antibiogram of the hospital and commu-

nity isolates used in the study. From the table, high resis-

tance by the isolates to most of the antibiotics is refl ected.

Over  of the community isolates were resistant to the 

antibiotics- Tetracycline, Augmentin® (Amoxicillin and Cla-

vulanic acid combination), ceftriaxone, ciprofloxacin, pe-

fl oxacin, gentamicin, and cefuroxime while only about  of 

the hospital isolates were resistant to the same antibiotics. All 

the isolates however showed high susceptibility to imipenem. 

Also, Table  records that the identifi ed MDR-bacteria strains 

to be distributed largely between the Enterobacteriaceae and 

Pseudomonas groups. Their incidence 

rates among the prospective ESBL pro-

ducing compartment are   and   

respectively. Additionally,  out of  ( 

) bacteria strains sampled were MDR-

hospital-isolates with  out of  ( ) 

being MDR-community-isolates. Table 

 shows the Resistant, Intermediate and 

Susceptible percentage rates of the iso-

lates to the diff erent antibiotics with the 

community derived isolates having high-

er percentage resistance to the antibiotics. 

Result of the phenotypic confirmatory 

double disc synergy test for ESBL produc-

tion is shown in Table . Th e test showed 

positive for the twenty () suspicious 

isolates of hospital and community ori-

gin. Of the  bacteria strains identifi ed 

as ESBL producers,  ( ) were Klebsi-

ella spp,  ( ) were E. coli while the re-

maining  ( ) were Pseudomonas spp. 

Conjugation studies showed no vis-

ible growth inhibition on any of the plates suggesting that 

none of the transconjugated organism could transfer its 

plasmid DNA to the recipient strain. Th e subsequent plas-

mid curing studies (Table ) reveal that the isolates still 

retained high resistance to the antibiotics after the treat-

S/N ISOLATES SOURCE TE AMC CIP GEN CRO PEF CXM IMP

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

K.  pneumoniae

K.  pneumoniae

Escherichia coli

K.  oxytoca

K.  pneumoniae

P. aeruginosa

Escherichia coli

K.  pneumoniae

K. oxytoca

P. aeruginosa

K. pneumoniae

K. pneumoniae

K. oxytoca

K.  pneumoniae

Escherichia coli

K.  pneumoniae

K.  pneumoniae

K. oxytoca

K. pneumoniae

P. aeruginosa

Urine    C

Urine    C

Urine    C

HVS     C

Urine    C

Urine    C

Urince  C

HVS     H

Urine    H

Wound H

Urine    H

Urine    H

Urine    H

Urine    H

Urine    H

Urine    H

Urine    H

Urine    H

Wound H

Wound H

0

0

0

0

0

0

0

0

18

0

14

15

19

15

0

0

0

19

23

0

0

0

0

10

0

0

0

18

0

0

0

12

0

20

13

12

0

15

7

10

0

0

0

0

0

6

0

22

24

0

21

21

15

17

0

15

0

20

27

6

0

18

15

0

0

0

7

23

19

0

15

13

0

0

19

0

0

15

15

0

0

0

25

14

0

0

0

21

26

7

20

17

11

15

16

15

0

15

25

0

0

0

0

0

0

0

0

-

-

18

11

0

0

0

0

0

0

12

26

10

0

0

20

0

0

0

0

22

20

0

16

13

11

21

10

17

0

18

0

0

20

28

20

22

26

20

30

20

25

22

25

22

20

30

25

30

31

23

25

30

S/N
ISOLATES 

AND SOURCE
CRO CRO + AMC CXM CXM + AMC

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

K. pneumoniae C 

K. pneumoniae C

Escherichia coli C

K. oxytoca C

K. pneumonia C

P. aeruginosa C

Escherichia coli C 

K. pneumoniae H

K. oxytoca H

P. aeruginosa H

K. pneumoniae H

K. pneumoniae H 

K. oxytoca H 

K. pneumoniae H

Escherichia coli H

K. pneumoniae H

K. pneumoniae H

K. oxytoca H

K. pneumoniae H 

P. aeruginosa H 

0

0

25

14

0

0

0

21

26

7

20

17

11

15

16

15

0 

15

25

0

-

38

28

27

29

23

27

20

28

-

31 

33

29

30

34

25

28

31

35 

25

0

0

20

0

0

0

0

22

20

0

16

13

11

21

10

17

0

18

0

0

-

30

23

21

20

22

25

19

26

-

25

22

26

29

28

24

22

27

21

20

S/N Antibiotics Resistant (%) Intermediate (%) Susceptible (%)

C H C H C H

1.

2.

3.

4.

5.

6.

7.

8.

Tetracycline 

Augmentin® 

Ceftriaxone 

Gentamicin 

Ciprofl oxacin 

Pefl oxacin 

Cefuroxime

Imipenem 

35

30

30

20

25

35

30

-

30

25

15

30

10

40

20

-

-

5

5

5

5

-

-

15

15

25

15

5

35

15

15

10

-

-

-

5

5

-

5

20

20

15

35

35

20

10

30

55

TABLE 1.  Antibiogram of hospital and community isolates from ENUGU Inhibition 

Zone Diameter of antibiotics (mm)

TABLE 3.  Phenotypic confi rmation of esbl production using the 

Double Disc Synergy Test (DDST) Inhibition Zone Diametre (IZD)

KEYS

C= Community isolates

H= Hospital isolates

TE: Tetracycline; AMC: Amoxicillin and Clavulanic acid; CIP: Ciprofl oxacin; GEN: Gentamicin; 

CRO: PEF= Pefl oxacin; CXM: Ceftriaxone; IMP: Imipenem

KEYS

CRO = Ciprofl oxacin

AMC = Amoxicillin + Clavulanic acid combination

CXM = Cefuroxime

C = Community isolates

H = Hospital isolates

(-) = No growth on plate

KEYS

% Resistance = (Number of Resistant Isolates × 100)/ (Total Number of Iso-

lates), % Sensitivity = (Number of Sensitive Isolates × 100)/ (Total Number of 

Isolates), % Intermediary = (Number of Intermediate Isolates × 100)/ (Total 

Number of Isolates)

C: Community Isolates

H: Hospital Isolates

TABLE 2.  Percentage resistance and sensitivity pattern of the 

isolates
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ment with acridine orange, the implication being that the 

resistance determinant might not be extrachromosomal. 

DISCUSSION

Antibiotic resistant bacteria have been a source of ever-in-

creasing therapeutic problem []. Continued mismanaged 

selective pressure has contributed towards the emergence 

of multiple-drug-resistant bacteria and that has been re-

garded as an inevitable genetic response to misappropriated 

exposures of microbial populations to antimicrobial therapy 

[-]. Th ese misappropriated exposures to a wide and var-

ied antimicrobial cocktails no doubt has contributed to the 

troublesome bacteria resistance pattern recorded world-

wide especially in the developing countries. In tropical areas, 

early-onset infections may be caused by multi-drug resistant 

(MDR) bacteria strains. Th ese organisms are usually resistant 

genera of the family Enterobacteriaceae, Pseudomonas spp., 

and Staphylococci []. In the present area under study also, 

we have equally identifi ed the MDR bacteria strains to belong 

principally to the Enterobacteriaceae family and Pseudomonas 

genera with a greater percentage skewing towards the En-

terobacteriaceae category. Another closer observation of the 

results obtained seem to suggest a pressurized infl uence of 

mismanaged chemotherapy of nosocomial infections given 

the greater proportional position occupied by the hospital 

isolates where   of bacteria strains sampled were MDR-

hospital-isolates and only   being MDR-community-

isolates (Table ). However, further observation of the data 

presented shows that the community isolates displayed more 

extensive resistances coverage to a wider cocktail of antibiot-

ics utilized in the study. Th is fi nding does not appear to be 

fully understood since the community origin of the isolates 

does not normally seem to point to any previously known 

heavy antibiotic exposure. Th is consideration nevertheless 

may suff er credibility given the relatively poor and porous an-

tibiotics distribution and use control existent in Nigeria that 

keep ensuring that individuals within the community have 

easy, abusive and uncontrolled access to antibiotics []. And 

in certain cases, these misguided individuals employ the use 

of high-action-profi le antibiotics in abusive proportions thus 

compromising the future positioning of this special catego-

ry of antibiotics as treatment options of last resort in highly 

resistant bacteria infections. Th erefore, adequate drug and 

antibiotics control if pursued as an indispensable project by 

all stakeholders involved in healthcare delivery is expected 

to immensely contribute towards controlling this ugly trend. 

Moreover, given that the isolates were sensitive to imipenem 

and not to the other majority of the employed antibiotics 

is quite suggestive that they are Extended Spectrum Beta-

Lactamase (ESBL) producing organisms. Th is assertion was 

further confi rmed by the double disc synergy test (DDST), 

thus leading to selection of  ESBL producing bacteria iso-

lates among the sampled bacteria population were identifi ed 

(Table ). DDST for the detection and confi rmation of ESBL 

production involves the recording of increased susceptibil-

ity to at least one of the extended spectrum cephalosporins 

in the presence of a combination disc (amoxicillin/clavu-

lanic acid combination) when placed mm apart centre to 

centre []. Th is means of detection of ESBL has been widely 

employed by many workers [-]. Meanwhile, from our 

fi ndings, given that   of the confi rmed ESBL producers 

were identifi ed as Klebsiella spp (Table ) places this group 

in a luminous position suggesting its possibly major contribu-

tory role as a principal repository and transmitter of the puta-

tive extrachromosomal ESBL conferring determinants in the 

sampled area. Earlier reports of ESBL producing strains have 

showcased Klebsiella spp. as possessing a traditional role in 

the overall defi nition and expression of ESBL []. We have 

therefore the emerging problem of antibacterial chemothera-

py that would involve an increasing plethora of ESBL-produc-

ing bacteria population strains in the tropics, and this poses a 

huge medical and economic challenge. It is equally important 

to recall that previous investigators working in Nigeria have 

reported related findings from neighbouring localities [, 

]. And recently, the ESBL hospital and community preva-

ISOLATES SOURCE TE AMC CIP GEN  CRO PER CXM IMP

PR PO PR PO PR PO PR PO PR PO PR PO PR PO PR PO

K. pneumoniae 

Escherichia coli 

K. pneumonia 

K. oxytoca 

K. pneumoniae 

K. oxytoca

K. pneumonia

P. aeruginosa  

Urine (C) 

Urine (C) 

Urine (C) 

HVS (H) 

Urine (H)

Urine  (H)

Woun-d  (H) 

Woun-d  (H)

0

0

18

14

0

0

19

0

0

0

0

0

0

0

0

0

0

0

0

0

12

0

15

10

0

0

0

0

0

0

0

0

0

0

24

21

15

0

20

6

0

0

0

0

0

0

0

0

0

15

19

15

0

0

15

0

0

0

0

0

0

0

0

0

0

25

26

15

0

0

15

0

0

0

0

0

0

20

17

0

0

0

0

11

0

0

12

10

0

0

0

0

0

0

0

0

0

20

20

16

17

0

18

0

0

0

0

0

0

0

0

0

17

20

25

25

30

31

23

30

17

20

26

0

0

25

28

26

TABLE 4.  Pre- and post-plasmid curing sensitivity test results Inhibition Zone Diameter (mm)

KEYS

C= Community isolates, H= Hospital isolates, PO= Post-treatment, PR= Pre-treatment

TE: Tetracycline; AMC: Amoxicillin and Clavulanic acid; CIP: Ciprofl oxacin; GEN: Gentamicin; CRO: Ceftriaxone; IMP: Imipenem; HVS: High vaginal swab
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lence in Southwest and Southeastern Nigeria were placed 

at . and . respectively [, ] falling slightly short of 

the values obtained in our study. Th is increasing emergence 

and development of ESBL producing bacteria strains which 

remains a decimating therapeutic impediment clearly point 

to a present and troublesome problem that could constitutes 

a great deal of menace to futuristic infectious diseases con-

trol exercises. Hence, a great deal of attention is required to 

conduct studies to both identify and fully understand this 

problem - its cause and scope - so as to create an enabling 

and useful baseline for eff ective handling of the ESBL threat.

 Conjugation studies for Resistance plasmid transfer showed 

non-transference of resistance determinants between the 

ESBL strains and the transconjugants. Th is therefore suggests 

a possible chromosomal location of all recorded ESBL traits 

since chromosomally located genetic determinants cannot be 

transferred through non-replicating bacteria conjugation. In 

a corresponding similar outcome, the plasmid curing studies 

(Table ) also revealed that the acridine orange could not af-

fect a cure on the isolates as they still retained relatively high 

resistances to the antibiotics after the treatment. Th is again 

would further corroborate the chromosomal location of the 

ESBL traits. However, an exception recorded was the singu-

lar isolated case of the Pseudomonas aeruginosa that swung 

from resistance status to sensitivity upon exposure to ceftri-

axone (CRO) before and after the gene curing exercise. Th is 

nonetheless, the fi ndings from the twin tests of plasmid gene 

curing exercise and conjugation studies strongly point to the 

chromosomal loci of the resistance gene markers. When this 

is considered in relation to other previous reports of ESBL 

occurrence coming from Nigeria there seem to be a palpable 

variability among the ESBL-producing strains with respect to 

the chromosomal and extra-chromosomal location of the re-

sistance determinants. Enabulele et al. [] reported that the 

observed resistance by gram negative wound isolates from 

the University of Benin were plasmid-mediated. However, in 

a later study Yah et al. [] working with ESBL-producing bac-

teria strains from Ahmadu Bello University Teaching Hospi-

tal (ABUTH) Zaria, reported their fi ndings that the bacteria 

population showed a distribution into sensitive and resistant 

post-plasmid-curing groups representing both chromosomal 

and extrachromosomal located resistance markers. Later, 

Iroha et al. [, ] accorded chromosomal location to the re-

sistance determinants of the ESBL-producing bacteria strains 

they encountered. When these are considered in relation to 

our present fi ndings they seem to underscore the established 

variability in the cellular location of the resistance markers. 

Th is scenario, apart from determining the ease of passage and 

acquisition of the resistance traits, also, underscores the need 

for an extensive and constant demographic coverage of the 

country for an antimicrobial surveillance studies especially 

the specialized ESBL-producing bacteria strains. Th ese data 

would be useful for present and future intervention exercises.

CONCLUSION

The outcome of this study has demonstrated the palpable 

presence of ESBL producing bacteria strains from communi-

ty and hospital subjects within Enugu metropolis. Th is kind of 

study remains relevant towards providing adequate baseline 

for the future projection and eff ective management of infec-

tious diseases caused by the ESBL producing bacteria strains.
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