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A microbiological study was carried out to determine the prevalence of extended spectrum beta lactamase
(ESBL) producing E. coli in anorectal sepsis patients in Bangladesh. One hundred specimens of pus, swab, or
exudates from anorectal sepsis cases were studied. All the 61 isolates of E. coli were found to be highly
resistant to most of the drugs used. Among these, 14 multidrug resistant E. coli were examined for ESBL
production by double disc diffusion method. Six of these were found to be ESBL positive. PCR analysis
revealed that 3 of the 6 isolates had coexistence of blag,, blagy, and blasry,,.; genes. Two of the isolates had
only blag,,,, gene, whereas 1 isolate had a combination of bla;g,, and blag,,, genes. Three of these were
resistant to all the drugs tested, while two were sensitive to getamicin and one to ciprofloxacin. None of the
E. coli strains possessed blacryy.o Placry g PlacTxm.g, and anr genes.
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Introduction

Many genera of Gram negative bacteria possess a naturally
occurring, chromosomally mediated -lactamase. Within a few
years after its first isolation, B-lactamase enzymes had spread
worldwide and are now found in many different species of the
members of the family Enterobacteriaceae as well as
Pseudomonas aeruginosa, Haemophilus influenzae, and
Neisseria gonorrhoeae?. The prevalence of ESBLs among clinical
isolates varies from country to country and from institution to
institution. In Bangladesh, a study in an urban hospital in Dhaka
showed 43.21% Escherichia coli and 39.4% Klebsiella
pneumoniae as ESBL producersZ. Numerous outbreaks involving
ESBL producing strains have been reported from all over the
world making them one of the emerging pathogens. B-lactamase
continues to be a leading cause of resistance to B-lactam
antibiotics among Gram-negative bacteria3. Resistant organisms
are now worldwide problems. Long term antibiotic exposure,
prolonged ICU stay, severe illnesses, nursing home residents,
catheterization, or instrumentation are the major risk factor for
colonization of ESBL producing bacteria®. ESBL producing
bacteria can cause both community and hospital acquired
infection which can be very difficult to treat with common drugs.
Many of the patients infected with ESBL producing bacteria are
found in ICU, but they can occur in surgical wards as well as in
most other areas of the hospital. ESBL producing bacteria are
also being isolated with increasing frequency from patients in
extended care facilities®.

Anorectal sepsis may be manifested as abscess, fistulae, infected
fissure along with injury or surgical wound and may be associated
with other pathologies like ulcerative colitis, carcinoma or cancer
of the rectum, regional iletis, osteomyelitis of the ischial tubersity,
infected pilonidal sinus and pulmonary tuberculosisé. The
common anorectal pathogens are Proteus spp., Escherichia coli,
Pseudomonas spp., Staphylococcus aureus, B-haemolytic
streptococci, Neisseria, and in some cases tuberculous bacilli.
As E. coli is the most common opportunistic pathogen as well as
the prominent normal flora of the gastrointestinal tract, it has
become the point of interest for the researchers worldwide. Very
few investigations have been carried out in Bangladesh on
bacterial isolates from anorectal sepsis at the molecular level.
The present study had been undertaken to explore this area and
to find out the prevalence of different ESBL enzymes of E. coli
from cases of anorectal sepsis in Bangladesh.

Materials and methods
Sample

125 samples were collected and all of them were subjected to
isolation, identification and antibiogram. Pus, exudate swab from
different infected wounds or sepsis of the anorectal region of
patients with anal abscess, fistulae, post surgical wound (after
haemorrhoidectomy, incision and drainage of any origin) and
anal fissure were collected aseptically. Multidrug resistant E.
coli isolates from cases of anorectal sepsis were assessed.
Samples were collected from different hospitals located at Dhaka
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city, namely, Dhaka Medical College Hospital (DMCH),
Bangabandhu Sheikh Mujib Medical University (BSMMU) and
Japan Bangladesh Friendship Hospital, Dhaka. The samples were
collected from May, 2006 to December, 2007. Majority of the
samples were taken from patients who had been admitted in those
hospitals and some were collected from the outpatient
departments of those hospitals.

Collection of the sample

Samples were collected aseptically avoiding contamination with
commensal microoragnisms or from external sources. For this
purpose, few screw capped test tubes were cleaned and sterilized
in the autoclave at 121°C. The samples were obtained by using a
sterile cotton swabs and immediately transferred into a sterile
screw-capped tube. After collection, the tubes were properly
capped, labeled and transferred to the laboratory as soon as
possible.

Transportation of the sample

Delay in the transit of samples to the laboratory was avoided.
Special transport medium (thioglycollate broth medium) was used
in case of recovery of microorganisms from swabs specimens.

Table 1. Primers for the detection of ESBL producing genes

Detection of ESBL producing E. coli by double disc diffusion
method

A well-isolated colony of E. coli was inoculated into 2 ml Muller-
Hinton broth and incubated at 37°C for 4h to obtain a young
culture. A Mueller-Hinton agar plate was inoculated, with this
suspension using a sterile cotton swab. Discs containing the
standard 30 ug of ceftazidime, ceftriaxone, aztreonam and cefoxitin
were placed 15 mm apart (edge to edge) and from an amoxicillin-
clavulanic acid disk containing 10 pg of the later compound.
Following incubation for 16-20 h at 35°C, any enhancement of
the zone of inhibition between a beta-lactam disk and that
containing the beta-lactamase inhibitor was taken as an indication
of the presence of an ESBL.

Detection of ESBL encoding genes by PCR assay

The primers and the PCR parameters for detection of the ESBL-
producing genes by PCR method are presented in Table 1.

Detection of intl, int2 and gnr encoding genes by PCR

The primers and the PCR parameters for detection of gnr genes
by PCR method are presented in Table 2.

Gene encoding ESBL Primer Oligonucleotide sequence (5'to 3) TAnnealing (°C) Size of amplified
product (bp)

blatgy TEM-F 5TCGGGGAAATGTGCGCGY 50 71
TEM-R 5TGCTTAATCAGT GAG GACCC3

blag,,,, SHV-F 5CACTCAAGGATGTATGT G¥ 50 885
SHV-R S5TTAGCGTTGCCAGTGCTCG3

blagya OXA-F 5ACCAGATTCAACTTTCAAY 5% 598
OXA-R S5TCTTGGCTTTTATGCTTGY

blacry g CTXML1-F 5GGACGTACAGCAAAAACTTGCY 57 200
CTXM1-R 5CGGTTCGCTTTCACTTTTCTT3

blacry o CTXM2-F 5CGGYGCTTAAACAGAGCGAG?3 59 891
CTXM2-R 5’CCATGAATAAGCAGCTGATTGCCC3

blacry s CTXMB8-F 5’ACGCTCAACACCGCGATCY 57 490
CTXM8-R 5CGTGGGTTCTCG GGGATAY

blacry meg CTXMO-F 5GAY TGACCGTATTGGGAGTTTY 57 947
CTXM9-R 5CGG CTG GGTAAAATA GGTCAY

Table 2. Primers for the detection of integrons 1, integrons 2 and gnr genes

Gene encoding Primer Oligonucleotide sequence (5'to 3) TAnnealing (°C) Size of amplified
virulence factor product (bp)
int 1 intlF 5GGCATCCAAGCAGCAAGCY &4 1900 and 150
int 1R 5AAGCAAACTTGACCTGAT ¥
int 2 int 2F 5'CGG GAT CCC GGACGG CAT GCACGA 5% 220and 1370
int 2R TTTGTAY
5'GAT GCCATCGCAAGTACGAGY
qnr gnr F 5GATAAAGTTTTTCGACAAGAGGY 57 593

gnrR

5’ATC CAGATCGGCAAAGGTTAY
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Polymerase chain reaction (PCR)

Representative isolates were grown overnight on MacConkey
agar. A single colony of each isolate was suspended in 25 pl of
reaction mixer containing 2.5 ul of 10x PCR, 1.5 pl of 50 mM MgC1,,
2ulof 2.5 mM dNTP, 1 ul of primer (forward and reverse) together
with 1 unit of Tag DNA polymerase (5 U/ul). Volume of the reaction
mixture was adjusted by adding filtered deionized water. The
reaction mixer was overlaid with a drop of mineral oil in order to
prevent condensation. PCR assays were performed in a DNA
thermal cycler (model 480, Perkin-Elmer Cetus, Emeryville, USA).
Each PCR test used the same basic set-up: 96°C for 5 min followed
by 23 cycles of 20 sec at 96°C, 20 sec at T Annealing (°C)and TiElongate
(min) at 72°C, with a final extension at 72°C for 10 min. Areagent
blank, which contained all components of the reaction mixture
with the exception of the bacterial template DNA, was included
in every PCR procedure. ATCC E. coli (25922) strain was used as
the negative control for all PCR. Shigella sonnei K-436 and K-
438, Shigella sonnei K-548 (1.37 kb) and K-564 (2.00 kb), E. coli
12079, E. coli 192DS2C1, E. coli AD9769C2 and E. coli K-100
were used as positive controls for intl, int2 genes, respectively.

Gel electrophoresis of the PCR products

Amplification products were subjected to horizontal gel
electrophoresis in 1% agarose gel in TBE (Tris-borate EDTA)
buffer at room temperature at 100 volt (50 mA) for 1h. A 1kb and
100 bp DNA size standard (Bio-Rad, USA) was used as a marker
to measure the molecular sizes of the amplified products.

Results
Detection of ESBL producing E. coli by double disc diffusion test.

Amongst the 125 samples, 100 produced bacterial colonies. Out
of these 100 isolates, 61% isolates were identified as E. coli, 22%
were Staphylococcus aureus, 10% were Proteus and 7% were
found to be Pseudomonas. All the 61 E. coli isolates were
multidrug resistant. Out of these 61 isolates, 35 were selected on
the basis of their origin, type of disease etc. Out of these, 14 were
selected for the test of ESBL production by double disc diffusion
based on similarities of resistant pattern against a number of
antibiotics and area of the specimen sampling.

Out of the 14 multidrug resistant strains tested, 6 were found to
be ESBL producing E. coli.

Table 3. Multidrug resistance pattern of the E. coli isolates and screening of ESBL producion by double disc diffusion method (DD)

ID Resistant Sensitive Double disc diffusion test
E02 AMPAML,CAZ,CE,CFX,CIP,CN, CRO, ERY,NA, P, SXT, TE - +
E07 AMP AML,CAZ,CFX,CIP,CN, CRO, ERY,NA, P, SXT, TE CE

E-12 AMPAML,CAZ,CE,CFX,CRO, ERY,NA, P, SXT, TE CIP.CN

E-14  AMPAML,CAZ,CE,CFX,CIP, CRO,ERY, NA, P, SXT, TE CN +
E-15 AMPAML,CAZ,CE,CFX,CIP, CRO,ERY, NA,P,SXT, TE CN

E20 AMPAML,CAZ,CE,CFX,CIP,CRO, ERY,NA, P, SXT, TE CN +
E21  AMPAML,CAZ,CE,CFX,CIP,CN, CRO, ERY,NA, P, SXT, TE - +
E24  AMPAML, CAZ,CE,CFX,CIP,CN, CRO, ERY,NA, P, SXT, TE - +
E25 AMPAML,CAZ,CE,CFX,CIP,CN, CRO, ERY,NA, P, SXT, TE -

E26 AMPAML,CAZ,CE,CFX,CIP,CN, CRO, ERY,NA, P, SXT, TE -

E28  AMPAML,CAZ,CE,CFX,CN, CRO, ERY,NA, P, SXT, TE CIp +
E29 AMPAML,CAZ,CE,CFX,CIP, CRO,ERY, NA,P,SXT, TE CN

E30 AMPAML,CAZ,CE,CFX,CIP,CRO, ERY,NA, P, SXT, TE CN

E-35 AMPAML,CAZ, CE,CFX, CRO, ERY,NA,P,SXT, TE CIP.CN

Note: AMP: ampicillin, AML: amoxicillin, CAZ: Ceftazidime, CE: cephradine, CFX: ceftriaxone, CIP: ciprofloxacin, CN: Gentamicin, CRO: Ceftriaxone,
ERY: Erythromycin, NA: Nalidixic Acid, P: Penicillin, SXT: Cotrimoxazole, TE: Tetracycline.
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Detection of B-lactamase-producing genes by PCR

Isolates with the ESBL phenotypes were examined for the presence
of blaggyy, blag,y, blagy 4, and blasry , by PCR. PCR analysis
revealed that all the isolates produced either one or more ESBL-
producing genes (Figure 1, 2, 3, 4). The bla;g,, blag,,,, blagya,
and bla.r.,.1, 9enes were found to be present alone or together
in the ESBL-producing isolates. About 88.88% E. coli harbored
blag,,,, gene and 44.44% E. coli harbored bla,y , and blary .1
genes whereas 22.22% of E. coli contain bla;¢,, gene. None of
the isolates was positive for blasry a0 Blacry g @nd gnr
group specific PCR.

Figure 1. Agarose gel electrophoresis showing PCR
amplification products of the blay, (598 bp) Lane- A, B, C, D,
representative of E. coli E 14, E 15, E 20, E 25. Lane-F negative
control, Lane-G reagent blank and Lane-H DNA molecular size
marker (1kg DNA ladder from GIBCO-BRL).

Figure 2. Agarose gel electrophoresis showing PCR
amplification products of the blag,,,, (885 bp). Lane B, C, D, E,
F G H, I, J representative of E. coli E02, E07, E12, E14, E20,
E21, E24, E26, E28 respectively. Lane A: DNA molecular size
marker (1 kb DNA ladder, GIBCO-BRL).
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Figure 3. Agarose gel electrophoresis showing PCR
amplification products of the bla;g,, (971 bp). Lane B, C
representative of E. coli EO2 and E28 respectively. Lane A
represents DNA molecular size marker (1 kb DNA ladder from
GIBCO-BRL). Lane D: Negative control (ATCC E. coli 25922).

@ 'u-l"""

Figure 4. Agarose gel electrophoresis showing PCR
amplification products of the blay,,.; (200 bp). Lanes A, B, C,
D: E. coli E-14, E-20, E-21, E-24 respectively. Lane-E neative
control (ATCC E. coli 25922), Lane-F: Reagent blank, Lane G:
blank, Lane-H DNA molecular size marker (1kb DNA ladder,
GIBCO-BRL).

Summarized result of important tests for ESBL producing E. coli

Total 6 isolates were screened for ESBL production, of which 3
isolates were resistant to all drugs tested, 2 isolates were resistant
to all drugs except gentamycin and 1 isolate was resistant to all
drugs except ciprofloxacin. All the isolates possessed SHV type
gene, 3 isolates contained SHV, OXA, and CTX,,_; type gene,
whereas, 2 isolates contained only SHV type of gene (Table 3, 4).
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Table-4. Summarized results of pattern of drug resistance and ESBL gene present in E. coli isolates from anorectal sepsis cases.

ID Resistant to Gene present

E-02 AMP,AML, CAZ, CE, CFX, CIP,CN, CRO, ERY, NA, P, SXT, TE TEM, SHV

E-14 AMP,AML, CAZ,CE,CFX,CIP,  CRO,ERY,NA,P,SXT, TE SHV

E-20 AMP,AML, CAZ,CE,CFX,CIP,  CRO,ERY,NA,P,SXT, TE SHV

E-21 AMP,AML, CAZ, CE, CFX, CIP, CN, CRO, ERY, NA, P, SXT, TE SHV,0XA, CTX,,

E-24 AMP,AML, CAZ, CE, CFX, CIP, CN, CRO, ERY, NA, P, SXT, TE SHV,0XA, CTX,,,

E-28 AMP,AML, CAZ,CE,CFX, CN,CRO,ERY,NA,P,SXT,TE SHV,OXA, CTX,,,

Discussion pressure3, Although there is no systematic report on the ESBL-

ESBL producing organisms are commonly found in UTI and wound
infections. In the present study, the isolates were obtained from
various anorectal sepsis cases including surgical wound
infections. Over the last two decades many new B-lactam
antibiotics have been developed that were specifically designed
to be resistant to the hydrolytic action of B-lactamases. However,
with each new class that has been used to treat patients, new &-
lactamases emerged that caused resistance to that class of drug.

The production of B-lactamases is the most relevant resistance
mechanism against B-lactam antimicrobials in Gram-negative
organisms. Extended-spectrum B-lactamases (ESBL) of the TEM,
SHV, OXA, and more recently, CTX-M-type enzymes have been
described in many countries 7. Extended-spectrum cephalosporins
have been specifically designed to resist degradation by the
older broad-spectrum B-lactamases such as TEM-1, TEM-2, and
SHV-1. The response to the extended-spectrum cephalosporins
among members of the family Enterobacteriaceae lacking inducible
B-lactamases has been the production of mutant forms of the
older B-lactamases called extended-spectrum B-lactamases
(ESBLs)8.

Currently 140 TEM-type enzymes have been described. TEM-10,
TEM-12, and TEM-26 are among the most common in the United
States %10, More than 60 SHV varieties are known. SHV-5 and
SHV-12 are among the most common °. More than 80 CTX-M
enzymes are currently known. They have mainly been found in
strains of Salmonella enterica serovar Typhimurium and E. coli,
but have also been described in other species of Enterobactericeae
and are the predominant ESBL type in parts of South America.
They are also seen in eastern Europe. CTX-M-14, CTX-M-3, and
CTX-M-2 are the most widespread. During 2006, CTX-M-15 was
the most widespread type in E. coli in the UK and was widely
prevalent in the community!1.

Anorectal sepsis, including wound infections are considered as
a serious health problem affecting huge number of people each
year. Infections of the anorectal region cause morbidity and
mortality all over the world and the worst sufferer are the people
of the developing countries like Bangladesh. Surgical treatment
including the use of antibiotics and change of lifestyle with
altered food habit is the usual treatment of those diseases!?.
Patients of surgical wound are also exposed to great antibiotic
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producers in Bangladesh, a few studies were performed on the
prevalence of the ESBL-producing Escherichia coli and
Klebsiella pneumoniae that were isolated from Urban Hospital
in Dhaka and from some regional medical colleges of Bangladesh
that showed 43.2% E. coli and 39.5% Klebsiella pneumoniae as
ESBL-producers“. In addition to the phenotypic characterization,
the present study focused particularly on the molecular
mechanism of the ESBL- production in E. coli.

Fourteen multidrug resistant E. coli isolated from anorectal
sepsis cases including wound infection were analyzed for the
ESBL-production by double disc diffusion test. Most of these
isolates were resistant to all the drugs used. Detection of the
ESBL-producing bacteria were done by using 3™ generation
cephalosporin ceftazidime, 2" generation cephalosporin,
cefoxitin and aztreonam disc with an augmentin disc (amoxycillin
plus clavulanic acid). A previous study carried out by Rahman
et al.# reported different rate of isolation of the ESBL in the
different combination of 3" generation cephalosporin
(ceftriaxone, cefotaxime, and ceftazidime) discs with augmentin
disc. In that study, highest rate of ESBL-positivity was observed
with ceftazidime and augmentin combination in 39.5% of E. coli
strain. Simultaneous use of four cephalosporin discs with an
augmentin disc is recommended in screening for ESBL
producing organisms4.

Since antibiotic resistance is a major phenotypic trait particularly
for the clinical isolates, it has a potential interest in exploring the
characteristic of these ESBL-producing isolates of E. coli. In the
present study, most ESBL-producers were collected from patients
in the surgical ward and from outpatient department. These
patients were exposed to great antibiotic pressure. The
susceptibility test results showed that all the ESBL-producing
isolates were resistant to 3" generation cephalosporin
(ceftriaxone, cefotaxime, and ceftazidime). Increased resistance
might be due to the extensive use of the 3™ generation
cephalosporins and other &-lactam drugs. All the ESBL-producing
isolates were also resistant to 41 generation cephalosporins and
monobactams (aztreonam). All the ESBL producing E. coli were
resistant to the available antibiotic discs used except one isolate
that was found to be sensitive to ciprofloxacin and two isolates
that were sensitive to gentamicin.
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Isolates with ESBL phenotypes were examined for the presence
of bla;gy, blagy,, blagy, blacry \ genes by PCR. The CTX-M
type B-lactamases represent a rapidly emerging group, which
have been found predominantly in Enterobacteriaceae,
particularly in E. coli, K. pneumoniae, Proteus mirabilis and
Salmonella typhimurium 115-16_1n some countries, CTX-M type
enzymes are the most frequently isolated ESBLs from E. coli
strains!’. During the 1990s, the CTX-M enzymes became the
most common ESBL types in Europe and Argentinal®. More
recently, they have become widespread in Europe and Asial®. In
recent times, it has been reported that the CTX-M enzymes are
the predominant ESBL in most of East Asia20. CTX-M-14, CTX-
M-3, and CTX-M-2 are the most widespread. In 2006, CTX-M-15
was the most widespread type in E. coli the UK and was widely
prevalent in the community!l. However, some reports present
TEM to be the predominant one with a percentage of 72.72 and
CTX-Mas 22.72%42L,

In the present study, PCR analysis revealed that 3 out of the 6
isolates had coexistence of blag,,,,, blagy, and blary,,.; 9enes.
Two of the isolates had only blag,,,, gene, whereas 1 isolate had
acombination of bla;,, and blag,,,, genes. Three of these were
resistant to all the drugs tested, while two were sensitive to
getamicin and one to ciprofloxacin. None of the E. coli strains
possessed blacrtyy.or Placrxm.g: Blactxm.g @nd gnr genes.
An interesting observation was that, in all the six ESBL positive
isolates blag,,,, gene was common and 2 out of the 6 isolates
tested possessed only blag,,,, gene that was equally resistant to
the other gene combinations observed here. A previous study
showed CTX-OXA gene to be present in 26% of the samples 22,
In the present study, although 50% of the isolates contained
OXA type ESBL gene, it was not the sole ESBL gene present. It
was seen in a combination with SHV and CTX-M-1.

In has been seen in many studies throughout the world that
combination of beta lactamase genes present in E. coli or other
Enterobacteriaceae are diverse. In this study the most prevalent
combination was blag,,, bla,,, and bla-y,,.; together.
Although CTX-M-1 has been found in 50% of the cases, it was in
combination with other genes and was not found alone. Some
other studies reported to have found CTX-M as the major cause
of ESBL production and found alone and not in combination 23-25,
Tangden et al. showed CTX-M-15 to be the prevalent one with
some combinations having CTX-M-15, TEM and SHV together25,
Another study also reported CTX-M to be the major type among
MDR E. coli?’. In a study with Klebsiella sp. Jain et al. showed
TEM as the most prevalent one (75%) and the combination of
TEM and SHV type ESBL to be 26.5%. In the present study,
one combination among 6 was found to be TEM and SHV type
ESBL (16.66%)%.

It was previously reported that genes that code for the ESBL are
linked to other resistance genes2®. Moreover, previous
fluoroquinolone use has been demonstrated to be a risk factor
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for the acquisition of the ESBL-producing isolates, particularly
isolates producing the CTX-M-type enzymes in the community
setting®C. Yu et al.3! described the epidemiology of ciprofloxcin
resistance and its relationship to the ESBL production among K.
pneumoniae strains. An epidemiological link between the ESBL
production and ciprofloxacin resistance among Klebsiella spp.
was also reported by Brisse et al. 32. In the present study almost
every case of ESBL production was linked to ciprofloxacin
resistance.

Presence of gnr gene has been associated with only low-level
resistance to fluorogquinolones; however, it can contribute
additively to very high levels of resistance associated with
chromosomal mutations®*. Based on phenotypic epidemiological
evidences, a significant correlation was found between the ESBL-
producers and fluoroquinolone resistance by the work of Wang
etal.33. However, in the present study, no gnr genes were detected
in the ESBL containing E. coli.

The present study was an effort to observe the percentage of
ESBL producing E. coli from anorectal sepsis cases and also to
demonstrate the presence of different ESBL producing genes
from these bacteria as well as observing the correlation between
the presence of a type of ESBL with the pattern of antibiotic
resistance. Due to certain limitations, larger number of samples
could not be collected and it was not possible to study all the
collected isolates by gene identification. Further studies with
more samples from various types of anorectal sepsis are required
to effectively correlate the genetic basis of microbial flora involved
in the pathogenesis of anorectal sepsis. This study may have
reflected some genetic traits of the E. coli involved in anorectal
sepsis in Bangladesh. The phenotypic and molecular basis of
antibiotic resistance, particularly of E. coli, showed in the present
study might be of help to the clinicians to develop therapeutic
and preventive measures to treat anorectal sepsis.
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