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Abstract
Extended spectrum β-lactamase (ESBL) producing Escherichia coli is
a serious global public health problem that requires timely and accurate
control of resistant strains. This is the first report on the detection of
resistant E. coli isolates in hospitals of Adjara.
We studied the genetic profile of Escherichia coli isolates producing
ESBL isolated from biological samples of patients with suspected noso-
comial infection in four general hospitals in Adjara region (Georgia).
Identification of resistant genes was performed by multiplex PCR and
reverse hybridization. Genes of the class ESBL TEM, ESBL SHV and
CTX-M were found in these samples as a result of molecular studies of
genes causing genotypic correlation and resistance. Molecular genetic
testing of phenotypically resistant strains of penicillin, cephalosporins
of the 3rd and 4th generations and inhibitors revealed a wide range of
antibiotic resistance genes with bla CTX-M, bla TEM, bla SHV, and
in two samples with genes, of ESBL class bla TEM type mutated genes:
bla TEM AS104 E, bla TEM AS 238 G, bla TEM AS238 S genes.
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1 INTRODUCTION

Nosocomial or healthcare associated infec-
tions’ (HAI) are considered a public health
problem. These infections occur worldwide

both in developed and developing countries. The
prevalence of HAIs in developed countries varies
between 3.5% and 12%whereas in developing coun-
tries it is around 5.7% to 19.1%. European Centre for
Disease Prevention and Control has reported 7.1%
as the prevalence of HAIs and it estimates around
4 million patients are being affected every year in
Europe (1)
Nosocomial infections are acquired during hospital
treatment or in a hospital environment. Infections
caused by gram-negative bacteria have features that
are of particular concern. These organisms are highly
efficient at up-regulating or acquiring genes that
code for mechanisms of antibiotic drug resistance,
especially in the presence of antibiotic selection pres-
sure. Furthermore, they have available to them a
plethora of resistance mechanisms, often using mul-
tiple mechanisms against the same antibiotic or using
a single mechanism to affect multiple antibiotics (2) .
One such infecting agent, Escherichia coli, the most
common Gram-negative pathogen in humans, har-
bors many virulence genes that enable it to become
pathogenic (3) E. coli is an effective marker for
antibiotic resistance in each community (4) .
Extended spectrum β-lactamase (ESBL)-producing
E.coli are typically resistant to extended spec-
trum cephalosporins and monobactams (aztreonam).
These bacteria are of increasing concern as ESBL
encoding genes are usually harbored on plasmids,
which co-harbor multiple resistance genes (5) . The
most frequently encountered ESBLs belong to the
CTX-M, SHV, and TEM families. Among the many
ESBLs described in a variety of pathogens, CTX-
M, TEM, and SHV types proved to be the most
successful in terms of promiscuity and dissemination
across various epidemiological niches (6) .
Most ESBLs are derivatives of TEM or SHV en-
zymes. There are now 138 TEM and 63 SHV-type
β-lactamases. With both of these groups of enzymes,
a few point mutations at selected loci within the gene
give rise to the extended-spectrum phenotype. TEM-

and SHV-type ESBLs are most often found in E.Coli
and other genera of Enterobacteriaceae. TEM-1 can
hydrolyze penicillin and early cephalosporins. The
amino acid substitutions that occur within the TEM
enzyme occur at a limited number of positions. Sev-
eral amino acid residues are especially important for
producing the ESBL phenotype when substitutions
occur at that position. They include glutamate to
lysine at position 104, arginine to either serine or
histidine at position 164, glycine to serine at position
238, and glutamate to lysine at position 240. The
combinations of these amino acid changes result in
various alterations in the ESBL phenotypes. It has
been suggested that the naturally occurring TEM-
type ESBLs are the result of fluctuating selective
pressure from several β-lactams within a given in-
stitution rather than selection with a single agent (7)
.
Unlike the TEM-type β-lactamases, there are rela-
tively few derivatives of SHV-1 Furthermore, the
changes that have been observed in blaSHV to give
rise to the SHV variants occur in fewer positions
within the structural gene. The majority of SHV
variants possessing an ESBL phenotype are charac-
terized by the substitution of a serine for glycine at
position 238. A number of variants related to SHV-
5 also have a substitution of lysine for glutamate at
position 240. It is interesting that both the Gly238Ser
andGlu240Lys amino acid substitutionsmirror those
seen in TEM-type ESBLs. The serine residue at
position 238 is critical for the efficient hydrolysis of
ceftazidime, and the lysine residue is critical for the
efficient hydrolysis of cefotaxime (8) .
CTX-M enzymes are plasmid-based encoded cefo-
taxime’s that constitute the fast growing family of
ESBLS (9) . Thus far, 172 CTX-M variants have
been reported. CTX-M has been divided into six
groups (CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-
9, CTX-M-25, and KLUC. In most clinical isolates
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CTX-M-1 group is the most frequent CTX-M type
and has been reported in Enterobacteriaceae isolates
from many regions of world [(4) , (10) , (11) ]. It
is necessary to know the frequency of strains carry-
ing genes encoding ESBLs in hospitals in order to
formulate a policy of empirical therapy in high-risk
units where infections due to resistant organisms are
much higher [(10) , (11) ].
Microbial resistance through ESBL has been rec-
ognized globally and now ESBLs are a problem
throughout the world [10,11].
Data on nosocomial ESBL infections in hospitals in
the Autonomous Republic of Adjara (Georgia) were
first published in 2016 (12) . However, data on noso-
comial infections caused by strains resistant to E.
coli are still scarce in this region. Molecular genetic
mechanisms of resistance have not been established.
This study includes the genetic profile of multidrug-
resistant E.coli strains, which are widespread in hos-
pitals of this region.

2 MATERIALS AND METHODS

Molecular identification phenotypically ESBL pos-
itive E. coli strains were performed by reverse hy-
bridization using the ESBL kit (Autoimmune Di-
agnostic GmbH). This kit is based on multiplex
PCR, which is preceded by reverse hybridization
using oligonucleotide probes. The PCR reaction is
performed using an N-Mix. The resulting biotili-
nated amplicons are examined by a hybridization
test. During hybridization, the amplicons attach to
genetic probes that are attached to the strips. A highly
specific washing procedure ensures that the hybrids
will remain as long as the probe sequence is 100%
complementary to the DNA amplicons. Alkaline
phosphatase bound to a streptocide (sulfanilamide) is
attached to the biotylinated hybrids and this complex
is manifested during the color reaction upon addition
of the NBT/BCIP substrate. Biotinylated amplicons
are characterized by a hybridization reaction with
SSOP for beta lactamases and controls, which are
immobilized on a nitrocellulose membrane in a dif-
ferent format, presented as linear. DNA extraction
from biological materials was performed using a kit

(Gene MATRIX Viral RNA/DNA Purification Kit)
manufactured by EUR x. The extraction stage con-
sisted of several steps — lysis — proteins contained
in existing samples, their elimination using wash-
ing buffers, and obtaining pure nucleic acids in the
elution step. To detect the genes under study, pairs
of specific primers were used. Ready mixture for
PCR reaction PCR was performed in 30 µl mixture
contained 2 mmol MgCl2, single PCR buffer, 0.1
mmol each dNTP, 0.3 µmol F-primer, 0.3 µmol R-
primer, 5% 1.3U / T1 TaqDNA polymerase DMSO
(Sigma) and 15 ng DNA.
Identification of gene was conducted with a pair of
primer. The amplification was performed according
to conditions which are shown in Table 1

TABLE 1: PCR condiƟons for amplifying genes by
polymerase chain reacƟon
Genes/PCR stage temper-

ature
Ɵme cy-

cle

MulƟplex
TEM,
SHV,
CTX-M

Hot start 94◦C 10
min

1

Cycle
DenaturaƟon

94◦C 40
sec 30

Cycle
Anneling

60◦C 40
sec

Cycle
Exstension

72◦C 1
min

Final
extension

72◦C 7
min

1

3 RESULTS AND DISCUSSION

Recently, the number of nosocomial infections
caused by resistant strains of E.coli has in-
creased (13) . Numerous studies confirm that
the formation of antibiotic-resistant forms of E.
coli, in particular to beta-lactam antibiotics, is
associated with prolonged and uncontrolled use of
antibiotics (14) . It is believed that ESBL resistance
is caused by the formation of point mutations TEM
and SHV types in genes. Although in the recent
period, the cases of resistance caused by genes of
the CTX-M family have increased significantly (3)
, (15) ]. To determine the role ofE.coli in the etiology
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of nosocomial infections, our study examined
samples taken from patients suspected of nosocomial
infection. A total of 304 samples were examined. E.
coli was isolated from various biological materials
- urine, sputum, blood, cerebrospinal fluid from a
wound. Washes from catheters were also examined.
In two investigated strains (N438 and N361), sev-
eral resistance determinants were simultaneously re-
vealed: CTX-M, TEM AS 104 E, TEM AS 164
R, TEM AS 238 G, TEMAS 238 S and SHV AS
238/240. Mutant forms of the TEM type genes of
the EBLS class: TEM AS 104 E, TEM AS 238 G,
TEMAS 238 S carry point mutations at positions
104, 164, and 238, respectively. Here we would
like to highlight the genetic determinant TEMAS
238 S (mutation Gly238Ser), identified in our stud-
ied samples. The enzyme encoded by this gene
works equally well and easily cleaves cefotaxime
and ceftazidime, while the second, sulfur-containing
beta-lactamase-producing enzyme, the TEMAS 164
R gene (Arg164Ser mutation) is more active than
ceftacid.
It should be noted that from two isolates of resistant
E. coli, isolated from two different medical insti-
tutions, almost all EBLS genes were found. This
case suggests that strains of the same robust genetic
profile may circulate in different hospitals and cause
the spread of nosocomial infections.
Thus, genes have been identified for both broad
spectrum beta-lactamases (wild type) and extended
spectrum genes (ESBL) that cause beta-lactam ring
rupture and ultimately lead to antibiotic resistance.
The discovery of E. coli resistance genes producing
ESBL poses a risk of spreading antibiotic-resistant
E. coli strains among hospitalized patients. It is nec-
essary to develop measures for the timely detection
and accurate control of resistant strains. E. coli was
identified in 47 samples by standard bacteriologi-
cal methods (plating on nutrient media followed by
separation from pure culture). Antibiotic sensitivity
was defined as antibiotics for cephalosporins, sulfon-
amides, tetracyclines, aminoglycosides, carbapen-
ems, and quinolones. In our study, all strains showing
resistance to beta-lactam antibiotics were tested for
beta-lactamase production. Multiple resistance was
observed in E. coli isolates following an antibiotic

resistance profile study. Phenotypic test showed that
88% of E. coli isolates produce ESBL.
To identify the blaCTX-M, bla TEM, blaSHV
genes, molecular genetic analysis of ESBL-
resistant strains was carried out. Analysis by
multiplex PCR allowed us to simultaneously
obtain amplifiers of the genes of interest to
us. PCR identification of genes was carried out
with a specific pair of primers: for blaCTX-
M: R5´-AAAAATCACTGCGCCAGTTC-3´F
5 ´- AGCTTATTCATCGCCACGTT-3´; for
blaTEM : R 5’-AAACGCTGGTGAAAGTA-3’; F5-
’TAATCAGTGAGGCACCTATCTC-3’, for bla
SHV: R 5’-TTATCTCCCTGTTAGCCACC-3’; 5’-
TGCTTTGTTATTCGGGCCAA-3’.
To determine the resistance mechanisms of TEM
type beta lactamases are especially interesting, since
the coding genes are the result of one of the long evo-
lutionary processes and are most often susceptible to
mutation. The beta-lactamase type SHV-1 is no less
interesting, since the coding genes of this enzyme are
localized both on the bacterial chromosome and on
plasmids.
As a result of the hybridization reaction on the
nitrocellulose membrane, multiple PCR amplicons
blaCTX-M , blaTEM, blaSHV genes were fixed in
different positions, which are shown in Figure 1.

FIGURE 1: ESBLdetecƟon of E. coli genes in isolates
by reverse hybridizaƟon

Based on the obtained analysis results, we can as-
sume that the resistance of the studied stains was
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simultaneously determined by the presence of sev-
eral genetic determinants. Both broad (wild type)
and extended spectrum (ESBL) beta lactamase were
identified that cause the breakdown of the beta lac-
tam ring and are ultimately responsible for antibiotic
resistance.
In all studied strains, SHV AS 238/240 and CTX-
M type mutations were recorded. SHV mutation
caused by amino acid substitutions (G238 ^ S / A and
E240 ^> K) causes an expansion of the spectrum of
substrate specificity for cephalosporins, in particular
for ceftazidime.
In two investigated strains (438 and 361) several re-
sistance determinants were simultaneously revealed:
CTX-M, TEM AS 104 E, TEM AS 164 R, TEM
AS 238 G, TEMAS 238 S and SHV AS 238/240.
Mutant forms of genes of the TEM type of the EBLS
class: TEM AS 104 E, TEM AS 238 G, TEM AS
238 S carry point mutations at positions 104, 164 and
238, respectively. Here we would like to highlight
the genetic determinant TEMAS 238 S (mutation
Gly238Ser), identified in our studied samples. The
enzyme encoded by this gene works equally well and
easily cleaves cefotaxime and ceftazidime, while the
second, sulfur-containing beta-lactamase-producing
enzyme, the TEM AS 164 R gene (Arg164Ser muta-
tion) is more active than ceftacid.
It should be noted that from two isolates of resistant
E. coli (438 and 361), isolated from two different
hospitals, almost all EBLS genes were found. This
case suggests that strains of the same robust genetic
profile may circulate in different hospitals and cause
the spread of nosocomial infections.
Thus, genes have been identified for both broad
spectrum beta-lactamases (wild type) and extended
spectrum genes (EBLS), which cause beta-lactam
ring rupture and ultimately lead to antibiotic resis-
tance.

4 CONCLUSION

Finding ESBL-producing genes of E. coli poses a
risk of spreading antibiotic-resistant E. coli strains
among hospitalized patients. It is necessary to de-
velop measures for the timely detection and accurate

control of resistant strains.
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