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Abstract 
Extended spectrum beta lactamase (ESBL) producing bacteria are organisms of public health 

significance that have been implicated in prolonged hospital stay, treatment failures and higher 

fatalities. These organisms were originally thought to be widely distributed in hospital, but 

have since grown in terms of their epidemiological coverage. This study was therefore aimed 

at using pulse-field gel electrophoresis (PFGE) to understand the diversity of ESBL producing 

organisms originating from cockroaches in Ago-Iwoye, Nigeria. The diversity was determined 

by using a set of twenty six (26) ESBL producing bacterial strains isolated from cockroaches 

sampled in Ago-Iwoye community, Ogun State, Nigeria. PFGE analysis revealed three 

pulsotypes (distinct profile) with no distinct isolates present on a pulsotype. It was however 

observed that no pulsotype had less than two (2) isolates in any case, while isolates from 

different communities displayed identical profiles. In conclusion, clonal distributions of ESBL 

producing organisms on cockroaches are without bias to specimens and/or the community 

sampled.  
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Introduction 

The diversity of microorganisms in every 

sphere of life ranging from agriculture 

through medicine and biotechnology to the 

environment has been documented (Thomas 

et al. 2012a, 2012b, 2012c, Kolawole et al. 

2013, Osho et al. 2013, Thomas et al. 2017, 

Agu et al. 2018). These microorganisms 

including the Gram negative bacteria have 

been indicted in several infectious diseases 

such as septicemia, urinary tract infections, 

wound infections, cerebro-spinal meningitis 

among other infections (Donnerberg 2009) 

and their significance could be further 

exacerbated by their ability to be transferred 

by animate objects including houseflies 

(Popoola et al. 2019a), cockroaches (Popoola 

et al. 2019b) among other insects, thereby 

further widening their epidemiology. What is 

more deleterious is when these so called 

Gram negative bacteria produce ESBL which 

are now well known for their hydrolyzing 

activities on the extended spectrum 

cephalosporin (Lakshmi et al. 2014). These 

enzymes have significantly hindered several 

treatment successes, thus depicting an 

apparent upsurge in the global incidence of 

ESBL associated infections (Gupta 2007, 

Thomas et al. 2012d, Awari et al. 2013, Kritu 

et al. 2013, Majda et al. 2013, Meeta et al. 

2013, Rupinder et al. 2013).  

Presently, the major growing concern is 

the ubiquitous dissemination of different 

types of ESBL alleles (Day et al. 2016), 

https://dx.doi.org/10.4314/tjs.v48i3.10
http://www.sciencedirect.com/science/article/pii/S1319562X14000941#b0175
http://www.sciencedirect.com/science/article/pii/S1319562X14000941#b0230
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which are well known for their promiscuity 

especially between themselves. One of the 

negative reports on these organisms was the 

outbreak of nosocomial infections in a 

neonatal ward due to ESBL producing 

Klebsiella pneumoniae, and despite this, the 

epidemiology of ESBL producing bacteria is 

still very difficult to understand because of 

its complexity and increasing boundaries 

between hospital and the community (Shaikh 

et al. 2014). 

Consequently, these organisms have a 

global distribution (Babini and Livermore 

2000, Rupp and Fey 2003), but just like 

Hawksworth (2001) noted that, less is known 

about the variations of fungal diversity and 

composition along different gradients such as 

latitude, altitude, productivity and salinity, 

we also observed that little is known about 

pulse-field analysis of diversity of ESBL 

producing Gram negative bacteria isolated 

from cockroaches in Ago Iwoye, Ogun State, 

Nigeria. We however observed that even 

where diversity studies on these organisms 

were carried out, attentions were more on 

clinical isolates than those stemming from 

insects and other animate objects. It is 

however not impossible to find work-done 

elsewhere using traditional methods, but as 

early as 1975, the importance of using sound 

techniques and statistics for biodiversity 

studies have been stressed (May 1975). This 

is important in order not to reduce the fine 

resolution required to score diversity 

(Thomas et al. 2017). This study, was 

therefore, aimed at determining the diversity 

of ESBL producing organisms using pulse-

field gel electrophoresis technique. 

 

Materials and Methods  

Bacterial strains 

A set of 40 Gram negative bacteria was used 

in this study, from which a subset of 26 

ESBL producing strains characterized by a 

primer specific polymerase chain reaction 

were selected. The characteristics of these 

isolates in terms of origin, time of isolation 

and place of isolation are depicted in Table 1.  

 

DNA isolation, amplification and 

sequencing of ESBL genes 

Each specimen was stirred directly into 

200 µl sterile saline and extracted using a 

QIAamp DNA mini kit (Qiagen) according 

to a protocol adapted for extraction of DNA 

from bacterial cells, as described by 

Fredricks et al. (2005). In brief, each sample 

was pre-incubated at 99 °C for 20 min and 

then processed as suggested by the 

manufacturer. After the addition of the 

cellular lysis buffer, the sample was 

incubated again at 99 °C for 10 min. The 

supernatant, a template DNA in the PCR 

reaction was transferred into a new pre-

labelled eppendorf tube by gentle aspiration 

using a micropipette (Kiratisin et al. 2008). 

PCR amplification of TEM, SHV and CTX-M 

genes were performed as described 

previously using their specific primers (Table 

2). For amplification, 2 μl of template DNA 

was added to 18 μl mixture containing 4.0 μl 

Master mix (dNTPs, taq polymerase, buffer, 

MgCl2), 0.2 μl of primer pair and 13.6 μl of 

sterile water). The reaction was performed in 

Simpliamp PCR system thermo cycler 

(Applied Biosystems, USA) under the 

following conditions: Initial denaturation at 

94 °C for 5 minutes followed by 30 cycles of 

30 seconds denaturation at 94 °C, 60 seconds 

annealing at 58 °C, 90 seconds extension at 

72 °C, and a final extension at 72 °C for 5 

minutes (Kiratisin et al. 2008). PCR products 

were detected with ethidium bromide 

fluorescence using the photo image system 

(BioRad, UK) after 45 minutes 

electrophoresis in 1.5% TAE agarose gel 

done at 100 volts. Positive controls for TEM, 

SHV and CTX-M were used in every run. 
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Table 1: Source of ESBL producing Gram negative bacteria used in this study 

S/N Strains Origin Part of samples Place/Country Year of 

isolation 

1 EC1 Isamuro External surfaces Ago Iwoye/Nigeria 8/11/2016 

2 EC10 Fowoseje External surfaces Ago Iwoye/Nigeria 8/11/2016 

3 KL6 Obaruwa Gut Ago Iwoye/Nigeria 8/11/2016 

4 KL10 Girisayo Gut Ago Iwoye/Nigeria 8/11/2016 

5 SM3 Ayegbami External surfaces Ago Iwoye/Nigeria 14/11/2016 

6 EC4 Koroko External surfaces Ago Iwoye/Nigeria 14/11/2016 

7 EC8 Igan External surfaces Ago Iwoye/Nigeria 14/11/2016 

8 EC5 Idode External surfaces Ago Iwoye/Nigeria 14/11/2016 

9 KL9 Ololo Gut Ago Iwoye/Nigeria 21/11/2016 

10 EC9 Imoran External surfaces Ago Iwoye/Nigeria 21/11/2016 

11 SM1 Ijesa road External surfaces Ago Iwoye/Nigeria 21/11/2016 

12 SM5 Konigba External surfaces Ago Iwoye/Nigeria 29/11/2016 

13 EC2 OOUPS External surfaces Ago Iwoye/Nigeria 29/11/2016 

14 EC3 Fibigbade External surfaces Ago Iwoye/Nigeria 29/11/2016 

15 EC12 OOUMC External surfaces Ago Iwoye/Nigeria 29/11/2016 

16 KL1 Aborisade Gut Ago Iwoye/Nigeria 29/11/2016 

17 EC13 Iyalaje External surfaces Ago Iwoye/Nigeria 13/12/2016 

18 KL2 Old garage External surfaces Ago Iwoye/Nigeria 24/1/2017 

19 PV6 Onabamiro External surfaces Ago Iwoye/Nigeria 24/1/2017 

20 EC14 Itamerin External surfaces Ago Iwoye/Nigeria 31/1/2017 

21 PV2 Olopomerin Gut Ago Iwoye/Nigeria 31/1/2017 

22 EC6 Imere External surfaces Ago Iwoye/Nigeria 7/2/2017 

23 SM8 Omoedumare External surfaces Ago Iwoye/Nigeria 7/2/2017 

24 PV3 Martins Kuye External surfaces Ago Iwoye/Nigeria 7/2/2017 

25 SM7 Ago Sec road External surfaces Ago Iwoye/Nigeria 7/2/2017 

26 KL11 Ijebu ode External surfaces Ijebu ode/Nigeria 13/2/2017 

Key: EC-Escherichia coli, KL1-Klebsiella quasipneumoniae, KL2-Klebsiella 

rhinoscleromatis, PV-Proteus vulgaris, SM-Serratia marcescens, KL9- Klebsiella 

rhinoscleromatis, KL6-Klebsiella quasipneumoniae, KL10-Klebsiella rhinoscleromatis 

 

Table 2: ESBL specific primers 

ESBL genes Length Sequence (5
’
–3

’
)  

CTX-M F 27 bp 
5’

ATGGTTAAAAAATCACTGGGYCAGTTC
3’

 

CTX-M R 30 bp  
5’

TCACAAACCGTYGGTGACGATTTTAGCCGC
3’

 

SHV F  21 bp 
5’

ACCTTTAAAGTAGTGCTCTGC
3’

 

SHV R  21 bp 
5’

CACCATCCACTGCAGCAGCTG
3’

 

TEM F 22 bp 
5’

ACAGCGGTAAGATCCTTGAGAG
3’

 

TEM R 21 bp 
5’

GAAGCTAGAGTAAGTAGTTCG
3’

 

(Source: Kiratisin et al. 2008). 

 

Pulse-field gel electrophoresis (PFGE) 

PFGE was performed according to the 

Pulse Net protocol of Centre for Disease 

Control and Prevention Atlanta, USA (CDCP 

2018). In brief, the agarose embedded DNA 

was restricted with Xbal (New England 

Biolabs, England, UK) at 37 °C for 16 hrs. 

Electrophoresis was performed on 1% 

Agarose gel (Bio-Rad, UK) 0.5X TBE buffer 

(Sigma). The PFGE conditions for the 

selected Gram negative bacteria were 6V, 

2.2S-54S pulse, for 20 hrs. Electrophoresis 

was conducted using CHEF Drive II (Bio-

Rad, UK). Strain differentiation by PFGE 

analysis was achieved by comparison of band 

patterns.  Patterns were normalized on the 
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basis of the molecular weight marker. The 

similarity coefficient (SAB) of sample pairs 

was calculated based on band positions by 

using the DICE metric. The genetic 

relationships among isolates were computed 

by cluster analysis performed on the matrix 

of genetic similarities. Cluster analysis was 

performed by means of the unweighted 

paired group method using arithmetic 

average (UPGMA) (Hunter and Fraser 1989). 

Dendograms were generated to visualize 

relationships among the isolates. The cut-off 

in the dendograms were calculated at a SAB 

of 0.99 as a threshold for defining clone of 

genetically similar isolates and SAB of 0.8 to 

define cluster of isolates. The discriminatory 

power of the applied PFGE typing method 

was assessed by calculating the 

discriminatory index D based on application 

of Simpson’s index of diversity as described 

previously (Hunter and Gaston 1988, Hunter 

and Fraser 1989). Molecular sizes of the 

bands were also calculated with Gelcompar 

II (Applied Maths) by using a calibration 

curve based on a synthetic regression curve 

derived from the reference bands. 

 

Results 

The results of the pulse-field gel 

electrophoresis of the analyzed ESBL 

producing organisms revealed that the ESBL 

organisms were appropriately discriminated 

into three distinct pulsotypes, viz; pulsotype 

1-3 with pulsotype 1 found to be the most 

abundant having a percentage distribution of 

19 (73.1%), while pulsotypes 2 and 3 have 3 

(11.5%) and 4 (15.4%) distribution rates, 

respectively (Plate 1). Of these PFGE 

discriminated organisms, twenty-one (21) 

were recovered from the cockroach external 

surfaces with 17 classified together on the 

same pulsotype, while two each were found 

on pulsotypes 2 and 3, respectively. On the 

other hand, the remaining five (5) organisms 

were from the gut environment of the 

cockroach (Table 3). No pulsotype was 

however found to have less than two (2) 

isolates in any case. 

 
Plate 1: Pulse field gel electrophoresis of the ESBL producing organisms. 

Key: 1-26 are appropriately defined in Table 1. 

 

Table 3: Distribution of pulsotypes of ESBL producing Gram negative bacteria according to 

their origins and parts of samples analyzed 

Pulsotypes Cockroach external surfaces Cockroach gut environment 

 2016 2017 2016 2017 

1 1–2, 6–9, 12–15, 17 18–20, 23–24, 26 3–4 – 

2 5 25 15 – 

3 10–11 – 21 22 

Key: 1-26 = defined in Table 1. (–) = No ESBL producing organism recovered. 

 

Discussion 

The extended spectrum beta lactamases 

producing bacteria are known for 

hydrolyzing extended spectrum beta lactam 

antibiotics (Rawat and Nair 2010) and are 

usually connected with serious challenges 

that have negative consequences on infection 

control and clinical management of patients 

(Chandra et al. 2008, Velez and Sloand 

2016), but understanding of their diversity 
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has been marred by their wide 

epidemiological coverage among other 

factors. In this study, the pulse-field gel 

electrophoresis of extended spectrum beta 

lactamases producing Gram negative bacteria 

was studied and it was found that these 

organisms were discriminated into three 

pulsotypes. This observation is not 

unexpected as comparison of PFGE patterns 

has been extensively used in food 

epidemiological studies to confirm the 

sources of disease, in addition to monitoring 

the geographical and temporal changes in 

food borne outbreaks caused by bacterial 

pathogens such as Listeria monocytogenes, 

Salmonella species, Vibrio spp. among other 

Gram negative bacteria (Goering 2010, 

Allerberger 2012, Okada et al. 2012). 

Not too long ago, the potential of PFGE 

in discriminating several subgroups inside 

cereulide producing strains of Bacillus 

cereus using macro restriction analysis was 

documented (Kim et al. 2011). This 

observation coupled with our findings is an 

attestation to the relevancy of this technique 

in genetic diversity study. The PFGE did not 

only discriminate the 26 studied isolates into 

three pulsotypes, but also generated some 

salient observations including; 

characterization of isolates from different 

communities on the same pulsotypes 

regardless of species. This observation 

however may be attributed to the possibility 

of these organisms emanating from a 

common source or possibility of the same 

organisms been shared between the different 

communities (Dudek et al. 2019). 

Consequently, pulsotype six has strains 

from another community (Ijebu ode), in 

addition to those found in Ago Iwoye. Our 

analysis also documented pulsotype 1 as the 

most abundant and geographical distributed 

pulsotype accounting for approximately 31% 

of all the collected strains, while none of the 

pulsotypes were found having less than 7.6% 

(2) of isolates. The presence of at least two 

isolates on each pulsotype may not be 

unconnected to the filthy nature of the 

experimental insects which are known to 

wander around dirty environment including 

feeding and breeding in decaying organic 

matter (Robinson 2005). 

In general, our findings emphasize the 

importance of PFGE characterization of 

ESBL Gram negative bacteria. However, in 

order not to reduce the fine resolution 

required to score diversity of ESBL 

organisms, it may be necessary to measure 

the efficiency of this technique relative to 

others including genomic multilocus 

sequence typing (Enright et al. 2002), 

especially considering the rapid advances of 

whole genome sequencing and the plethora 

of growing genomic data-bases (Van der 

Auwera et al. 2013). It is noteworthy to 

affirm that understanding the true genetic 

diversity of extended spectrum beta 

lactamases producing Gram negative bacteria 

is crucial to controlling the ever growing 

infections attributable to ESBL producing 

Gram negative bacteria. It is important to 

now view cockroaches as proxies for 

environmental and public health surveillance.  
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