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| Abstract: The emergence and spread of multidrug-resistant bacteria is a major public health concern. This study sought to investigate the phenotypic and

genotypic characteristics of clinical isolates of ESBL-producing Klebsiella pneumoniae, at University Hospital of Tizi-Ouzou. Antibiotic susceptibility testing of
the strains was carried out by the disc diffusion method, the ESBL production was screening by the Double Disc Synergy Test and confirmed by the Phenotypic
Confirmatory Disc Diffusion Test. Genomic DNA was extracted using the Qiagen DNeasy Blood & Tissue Kit mini kit (Qiagen) according to the manufacturer’s
instructions.PCR targeting the genes b/aCTX-M, blaTEM, blaSHV, blaVEB, blaGES, blaPER, blaBEL, blaVIM, blaIMP, blaKPC, blaNDM and blaOXA48 was
performed. A CTX-M PCR-based grouping method was carried out using primers specific to the groups 1, 2 and 9. Conjugative transfer of plasmids was carried
out using sodium azide-resistant recipient strain Escherichia coli K12. The phylogenetic relationship was determined by ERIC-PCR. All strains of K. pneumoniae
tested shared ESBL producer’s genes belonging to the CTX-M group 1. These strains showed a high level of resistance to 3-lactams, aminoglycosides, fluoroqui-
nolones and trimethoprim/ sulfamethoxazole. Resistance to fosfomycin was also detected in one strain of K. pneumoniae. Only one carbapenem-resistant strain
was isolated. Phylogenetic analysis showed 49 different genetic profiles of K. pneumoniae strains, showing the absence of clonality. This study revealed a high
prevalence of ESBL belonging to the CTX-M group 1 in K. pneumoniae tested. The emergence of resistance to carbapenem and fosfomycin, could seriously limits

the therapeutic choices options.

((ey words: Klebsiella pneumonia; Extended-spectrum beta-lactamase; Susceptibility; Antibiotics. /
Introduction It is responsible for endemic and epidemic communal
and nosocomial infections, particularly with the ap-
The resistance of bacteria to antibiotics is constantly pearance of hypervirulent serotypes and multiresistant
changing in terms of both susceptibility profile and inci- clones such as the ST11 clone of Klebsiella pneumo-
dence. The emergence and spread of multidrug-resistant niae (5). The widespread use of antibiotics in clinical
bacteria are therefore of a major public health concern. practice has led to the rapid appearance and spread of
The incidence of resistant strains has become alarming resistance to broad-spectrum beta-lactam antibiotics via
and requires the adoption of adequate strategies based the production of extended-spectrum beta-lactamase
on the epidemiological data collected from different (ESBL) and carbapenemases. Resistance acquisition
countries of the world (1, 2). Klebsiella is an opportun- is mainly due to the horizontal transfer among clinical
istic genus belong to the Enterobacterales order and the strains of genetic determinants associated to the antimi-
Enterobacteriaceae tamily. Klebsiella are non-motile, crobial resistance (6, 7).
rod-shaped, gram-negative bacteria with a prominent Several studies have shown that the resistance of
polysaccharide capsule. Some species of klebsiella are K. pneumoniae to antibiotics by enzymatic mechanism
responsible for respiratory tract infections, septicae- is by far the most frequent (8, 9, 10). More recently,
mia and urinary tract infections (3,4). K. pneumoniae resistance to fosfomycin and tigecycline, has been re-
is ranked as priority 1 (Critical) in the WHO Priority ported worldwide (11). ESBL belong to Ambler class
Pathogens for New Antibiotics Research and Devel- A and D serine proteases. They are characterized for
opment List in 2017. Klebsiella pneumoniae is an en- their ability to hydrolyze third and fourth cephalospo-
terobacteriaceae of Klebsiella genus and known for its rins and monobactams. ESBL encoding genes are gen-
capacity to acquire multidrug resistance and virulence erally located in plasmids. Beta-lactamases sharing the
factors (capsular polysaccharide, lipopolysaccharide, classical ESBL phenotype are structured into groups,
adherence factors, urease, siderophore and biofilm for- according to sequence similarities. The most common
mation). The combined presence of various antibiotic include TEM, SHV, CTX-M, GES and VEB (class A)
virulence and multidrug resistance factors in Klebsiella and OXA (class D) families. The prevalence of these
pneumoniae makes this species a high health risk germ. enzymes varies by country and hospital. ESBL types
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CTX-M (cefotaximase) are considered the most com-
mon type in the world (12, 13). CTX-M is classified
into 6 distinct phylogenetic groups, composed of 172
different CTX-M isoforms: CTX-M-1, CTX-M 2, CTX-
M-8, CTX-M-9, CTX-M-25 and CTX-M-45 (14). The
CTX-M-15 variant belongs to the CTX-M-1 subgroup
and is derived from CTX-M-3 by a mutation at the Asp
to Gly** position, which leads to an increased hydroly-
sis rate of ceftazidime compared to that of cefotaxime.
Clavulanic acid and tazobactam show good inhibition
of CTX-M-15 enzymes. Now the CTX-M15 concerns
all Enterobacteriaceae, notably K. pneumoniae, and re-
mains by far the most epidemiologically dominant in
several countries in the world including Algeria (15, 16,
17). The treatment of nosocomial and/or community-
acquired infections caused by K. pneumoniae produc-
ing ESBL and/or carbapenemases is becoming more
and more difficult because the carbapenemases enzymes
have hugely impacted the utility of carbapenems (often
considered as last resort drugs) which are used for the
management of multi-resistant Gram-negative bacilli,
leading to therapeutic failures (18). The recent appear-
ance of K. pneumoniae strains resistant to fosfomycin
and tigecycline represent a new threat that further com-
plicates the situation and shows that K. pneumoniae
remains a very serious causative agent of therapeutic
failure (19).

The aim of this study was to determine the anti-
microbial resistance pattern of 58 non-duplicate clinical
strains of K. pneumoniae resistant to third-generation
cephalosporins, obtained from the Microbiology Labo-
ratory of the University Hospital Center of Tizi-Ouzou
during 2013 and 2014, screening and molecular char-
acterization of ESBL, Conjugative potential of plasmids
embedding resistance determinants and epidemiologi-
cal relatedness of the strains will also be investigated.

Materials and Methods

Bacterial isolates

58 non-repetitive clinical strains of K. pneumoniae
resistant to third-generation cephalosporins were ob-
tained from the Microbiology Laboratory of the Tizi-
Ouzou University Hospital Center. 27 strains were
obtained during the period from January to September
2013 and 31 strains during the period from January to
July 2014. The strains were isolated on Hektoen agar
and incubated at 37°C during 24h. Identification was
carried out with API20E (Biomerieux, France) and
confirmed by MALDI-TOF (BRUKER, Microflex). 52
strains were from nosocomial origin (infectious diseas-
es, pediatrics, pediatric emergency, medical reanima-
tion, neonatology, haematology, medical emergencies,
nephrology, surgical emergencies, urology and neuro-
surgery) versus 6 of community origin. The strains were
collected from the following biological samples: urine
(n=29), blood (n=7), pus (n = 16), bronchial fluid (n =
5) and horny fluid (n = 1).

Antimicrobial susceptibility testing

The antibiogram was performed with the standard
method of diffusion in Muller-Hinton agar plates, ac-
cording to CLSI standards (2014). Commercially avail-
able antibiotics discs (Biorad — France) included in this

study were: Beta-lactamins : Ampicillin (10 pg), Ce-
foxitin (30 pg), Amoxicillin/Clavulanic acid (40 pg),
Cefepime (30 pg), Piperacillin/Tazobactam (110 pg),
Cefuroxime (30 pg), Ceftriaxone (30 pg), Ceftazidime
(30 pg), Cefotaxime (30 ug), Ertapenem (10 pg), Mero-
penem (10 pg), Imipenem (10 pg), Aztreonam (30 pg).
Aminosides : Gentamicin (10 pg), Amikacin (30 ug).
Fluoroquinolones : Ciprofloxacin (5 pg). Cyclines :
Minocycline (30 pg), Tigecycline (15 pg). Sulfamides
: Trimethoprim/Sulfamethoxazole (25 pg) and Fosfo-
mycin (200 pg). The classification of strains into sensi-
tive, intermediate or resistant phenotypes is carried out
according to the 2014 CLSI Standardization Manual.
The standards used for tigecycline are EUCAST 2013
respectively. Escherichia coli strain ATCC25922 was
used as a control strain.

Phenotypic detection of ESBL production

Isolates with reduced susceptibility (intermediate by
CLSI criteria) to any of the 3GC were considered as po-
tential ESBL producers. ESBL production by K. pneu-
moniae strains was screening by the Double Disc Syner-
gy Test and confirmed by the Phenotypic Confirmatory
Disc Diffusion Test as described previously (20, 21). A
5 mm increase in the area around the combined disk of
the inhibition zone compared to the single disk indicates
the production of an ESBL. The interpretation is per-
formed according to the 2013 and 2014 CLSI Standardi-
zation Manual.

Molecular detection of ESBL production

Total DNA of the 58 clinical strains was extracted
using a DNeasy blood and tissue kit (Quigen, Germa-
ny). The DNA was then subjected to different end-point
multiplex PCR schemes targeting genes belonging to the
beta-lactamase family’s blaCTX-M, blaTEM, blaSHV
blaVEB, blaGES, blaPER and blaBEL. A search for the
blaVIM genes, blaIMP, blaKPC, blaNDM, blaOXA48
was carried out solely on the DNA of the S197 strain
due to its resistance to carbapenems.

The amplification conditions was as follows: ini-
tial denaturation 95°C/15min followed by 25 cycles of
95°C/30s, 57°C/90s and 72°C/90s, followed by a final
at 72°C/10min. The amplification products are subject-
ed to capillary electrophoresis using a QIAxcel system
(Qiagen, Germany). The primers sequences used in this
study and their respective references are given in Table
1.

Molecular determination of the CTX-M group

Specific primers of the groups 1, 2 and 9 were used
(Table 1). The amplification conditions are as follows:
initial denaturation 94°C/5min followed by 25 cycles
of denaturation at 94°C/25s, hybridization of the prim-
ers 53°C/40s and elongation at 72°C/50s. An additional
elongation step is performed at 72°C/10min. The ampli-
fication products are subjected to capillary electropho-
resis and revealed with QIAxcel (Qiagen).

ESBL resistance transfer assay

Conjugation experiments were performed using the
sodium azide resistant E. coli K12 strains as recipient
strain. Overnight cultures of donor and recipient strains
grown in Mueller—Hinton broth at 37°C were mixed to-
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Table 1. Primer sequences, amplicon sizes, targeted genes and related publications.

PCR  Primers Sequence oligonucleotide 5’ 3’ Gene type Size product (pb) References
TEM 5° GTG CGG TAT TAT CCC GTG TT
> bla 416 (22)
TEM 3’ AATTT ATC CGC CTC CAT CC TEM
SHV5S’ GGA AAC GGA ACT GAA TGA GG
blag,, 301 (22)
PCR1 SHV3’ ATC CCG CAGATAAATC ACCA s
CTX5® CG(CT) TTT (GC)C(AGCT) ATG TGC
AG(CT) AC bla ., 524 (22)
CTX 3 TC(AGCT) CCG CTG CCG GTY TTATC
PERFW AGT GTG GGG GCC TGA CGAT
bla 725 (23)
PERRV GCAACC TGC GCAATR ATAGCTT PER
VEBFW376 CGACTT CCATTT CCC GAT GC
bla 376 (23)
PCR 2 VEBRV376 TGT TGG GGT TGC CCAATT TT VEB
GESFW600 CTG GCA GGG ATC GCT CAC TC
bla 600 (23)
GESRV600 TTC CGA TCA GCCACCTCT CA E
BELI1F CGA CAATGC CGC AGCTAACC
bla 448 (23)
BEL1R CAG AAG CAATTA ATA ACG CCC BEL
IMP2012A ACA-YGG-YTT-RGT-DGT-KCT-TG bl 387 23)
IMP2012B GGT-TTA-AYA-AAR-CAA-CCA-CC e
VIM1-437Fw TGT-CCG-TGA-TGG-TGA-TGA-GT
bla,, 437 (23)
VIM1-437Rv ATT-CAG-CCA-GAT-CGG-CAT-C
NDM-1F ACT-TGG-CCT-TGC-TGT-CCT-T
PCR3 " bla,, 603 (23)
NDM-1Rv CAT-TAG-CCG-CTG-CAT-TGA-T
KPCF TCG-CCG-TCT-AGT-TCT-GCT-GTC-TTG
bla,, 353 (23)
KPCR ACA-GCT-CCG-CCA-CCG-TCA-T <
OXA-48F2 ATG-CGT-GTA-TTA-GCC-TTA-TCG
bla 265 (23)
OXA-48R2 CAT-CCT-TAA-CCA-CGC-CCA-AAT-C OXA4R
Enterobacterial
ERIC2 AAG TAA GTG ACT GGG GTG ACGC repetitive - 24)
consensus
sequence
CTX-M GI1F AAA AAT CAC TGC GCCAGT TC
bla 415 (25)
CTX-M GI R AGC TTATTC ATC GCCACGTT CTX-Mgroup 1
CTX-M G2 F CGACGCTACCCCTGCTATT
PCR 4 bla .y s oo 552 (25)
CTX-M G2 R CCA GCG TCA GAT TTT TCA GG CTXM group
CTX-M G9F CAA AGA GAG TGC AAC GGA TG
bla . . 205 (25)
CTX-M G9R ATT GGA AAG CGT TCATCA CC TX-Mgroup 9

gether at 1:10 (v/v) proportion and incubated for 4h at
37°C without shaking. Part of the mixture was diluted
(1:10 and 1:100) and 0.1 mL was plated on Muller-
Hinton supplemented with 8ug/mL of Cefotaxim and
300pg/mL of sodium azide (26). The transconjugants
were maintained on the selection plates and then sub-
jected to identification by MALDI-TOF, antibiotic sus-
ceptibility testing, double disc synergy test and PCR to
confirm the acquisition of ESBL genes. Conjugation
experiments were repeated three times for each donor
strain.

Molecular Typing

Phylogenetic relationship between the 58 strains of
K. pneumoniae was determined by ERIC-PCR (Entero-
bacterial Repetitive Consensus PCR) using the ERIC2
primers (Table 1). PCR was performed following cy-
cling conditions 95°C/3 min, then 40 cycles 0 92°C/30s,
52°C/1 min, 72°C/8 min and once at 72°C/16min. The
electrophoretic profiles of the amplification products

were compared by the Bionumeric software version 6.5
(Applied Maths, Belgium). Two profiles are considered
different if they differ by at least one band.

Results

In this study, 58 non-repetitive strains of K. pneu-
moniae were obtained from different clinical specimens
from the Microbiology Laboratory of the Tizi-Ouzou
University Hospital Center. All the strains were resist-
ant to Cefotaxime and Ceftriaxone. A resistance rate
of 67.24%:; 63.79%; 70.69%; 67.24% was observed to
amoxicillin- clavulanic acid; ceftazidime; cefepime and
aztreonam respectively. Table 2 shows the result of the
AST (Antimicrobial susceptibility testing) analysis for
the 58 strains of K. pneumoniae.

The phenotypic detection test for the production of
ESBL was positive for 57 strains (98.27%). The results
of the synergy test showed the appearance of areas of
synergy between Amoxicillin/Clavulanic acid and Cef-
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Table 2. Percentage of resistance to antimicrobials agent of the 58 ESBL Klebsiella pneumoniae clinical strains.

Antimicrobials (Disc load)

Breakpoints Inhibition zone (mm)

Phenotypes (%)

Antimicrobials R

Ampicilline (10pg) <13
Amoxicillin+Clavulanic acid (20+10pg) <I3
Piperacillin+Tazobactam (110ug) <17
Cefoxitin (30pg) <14
Cefuroxim (30pug) <14
Ceftriaxon (30ug) <19
Cefotaxim (30g) <22
Ceftazidim (30pg) <17
Cefepim (30pg) <18
Ertapenem (10pg) <18
Imipenem (10pg) <19
Meropenem (10pg) <19
Aztreonam (30pg) <17
Gentamicin (10pg) <12
Amikacin (30ug) <14
Ciprofloxacin (05pug) <I5
Trimethoprim/Sulfamethoxasol (25ug) <10
Minocyclin (30pug) <12
Tigecyclin (15pg) <15
Chloramphenicol (30ug) <12
Fosfomycin (200pg) <12

S S I R
>17 00 00 100
>18 1896  13.79  67.24
>21 43.10 43.10 13.79
>18 98.27 00 01.72
>18 00 00 100
>23 00 00 100
>26 00 00 100
>21 08.62  27.58  63.79
>25 00 29.31  70.69
>22 98.27 00 01.72
>23 98.27 00 01.72
>23 98.27 00 01.72
>21 05.17  27.58 67.24
>15 13.80 00 86.20
>17 98.38 00 08.62
>21 20.68  15.51  63.79
>16 10.35 00 89.65
>16 79.31 1896  01.72
>18 83.18  16.82 00
>18 86.21 00 13.79
>16 95.55 1.72 01.72

S: sensitive, I: intermediate, R: resistant.

tazidime, Ceftriaxone and cefepime. Areas of synergy
are also observed between cefepime and piperacillin/
tazobactam. The presence of ESBL was confirmed by
the confirmatory test and an increase of more than 5
mm in the inhibition zone is observed for the 57 posi-
tive strains.

The results of the antibiograms also show a rela-
tively high percentage of resistance to antibiotics of
other families such as aminoglycosides (Gentamicin
86.20%), fluoroquinolones (Ciprofloxacin 63.79%)
and the combination trimethoprim + sulfamethoxazole
(SXT 89.65%). At the same time resistance levels chlo-
ramphenicol (13.79%) and fosfomycin (1.72%) remain
low. The strain S197 is resistant to all B-lactams (cefoxi-
tin included, which supposes the existence of a chromo-
somal or plasmidic cephalosporin) including carbapen-
ems, aminoglycosides, fluoroquinolones, and trimetho-
prim + sulfamethoxazole intermediate with respect to
fosfomycin. The synergistic zone was not observed for
this strain. However, the blaCTX-M gene was detected
by PCR. These results showed that 100% of our strains
were ESBL positive. Molecular of the strain S197
shows the absence of carbapenemase genes such as
blaVIM, blaIMP, blaKPC, blaNDM, blaOXA48. The
strain S1115 was resistant to fosfomycin. The multiplex
PCR amplifications of B-lactamases showed the pres-
ence of the blaTEM, blaSHV and blaCTX-M genes.
The combinaison blaSHV, blaTEM and hlaCTX-M was
found 48 strains, blaSHV and blaCTX-M in 8 strains
and blaTEM and blaCTX-M in 2 strains respectively.
There was no strain containing the beta-lactamase genes
namely blaVEB, blaGES, blaPER, blaBEL. The PCR
amplification carried out on the total DNA of the 58

strains of K. pneumoniae using the primers specific for
different groups of the gene blaCTX-M showed that all
strains belong to the phylogenetic group CTX-M1.

The results of the conjugation experiments carried
out on ten (10) strains K. pneumoniae were selected on
the basis of their antibiotic resistance profiles and bio-
logical origin, these strains were S197, S825, S2042,
S1212, S1216, S1766, S4683, S4936, S1115 and S364
for plasmid transfer essay experiments. Eight (08)
transconjugants were obtained. The susceptibility test-
ing of recipient strains showed a resistance to aminogly-
cosides, fluoroquinolones, trimethoprim + sulfamethox-
azole and chloramphenicol associated with resistance to
B-lactamines. The phenotypic analysis also showed the
transfer of ESBLs, as confirmed by PCR, particularly
the blaCTX-M gene. Table 3 shows the results obtained
on transconjugants. Molecular genotyping obtained by
ERIC-PCR showed the presence of forty-nine (49) dif-
ferent amplification profiles, which is interpreted as an
absence of clonality between the isolated strains.

Discussion

K. pneumoniae ESBL is considered as one of the
main agents of nosocomial infections at the hospital
level (27). The prevalence of K. pneumoniae ESBL iso-
lates at the Tizi-Ouzou CHU was 23% in 2013 and 30%
in 2014 (28, 29). Epidemiological studies have shown
similar results in other countries (30, 17). These stud-
ies showed a very high percentage of resistance to B-
lactams except carbapenems with a low percentage of
resistance. The percentage of resistance to beta-lactams
is significantly higher than those previously reported
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Table 3. Resistance pattern and cotransfered resistance of Klebsiella pneumoniae (n = 8) and their transconjugants.

bla

Isolates Specimen Resistance pattern bla p-lactamase Transferred resistance
p-lactamase
. AMC-CAZ-FEP-CTX- ATM-GMN

S197 Urine AKN-SXT-CHL SHV-TEM-CTX-M CTX-GMN SHV-CTX-M

. AMC-CAZ-FEP-CTX-ATM- SHV-TEM-CTX-M CAZOY-CTX-FEP®-
5825 Urine GMN-AKN-SXT-CIP-CHL ATM-CHL ATM-CHL SHV-CTX-M

AMC-CAZ-CTX-ATM-GMN-
_ _ - . - & _

S2042 Blood AKN-SXT.CHL SHV-TEM-CTX-M CAZOV-CTX -GMN SHV-CTX-M

. FEP-CAZ-CTX-ATM-SXT- CIP- CAZO-FEPO-CTX-
S1115 Bronchial FOS- GMN SHV-TEM-CTX-M ATMO-GMN SHV-CTX-M

AMCO-CTX- CAZO-

S1212 cornea AMC-CAZ-CTX-GMN- SXT-CIP  SHV-TEM-CTX-M GMN -CIPO-SXT SHV-CTX-M
S4683 Pus FEP-CTX-ATM-GMN-CIP-CHL SHV-TEM-CTX-M FEPO-CTX-GMN SHV-CTX-M
S1766 Urine CAZ-CTX-ATM-GMN-CIP-CHL CTX-M-TEM CTX-GMN TEM-CTX-M
S4936 Pus AMC-CAZ-FEP-CTX-ATM- SHV-TEM-CTX-M CAZ-FEPO-CTX-ATM® SHV-CTX-M

GMN-AKN-SXT-CIP

AMC : Amoxicilline/Acide clavulanic ; CTX :Cefotaxime ; CAZ : Ceftazidime ; FEP :Cefepime ; ATM : Aztréoname ; GMN : Gentamicine ;
AKN : Amikacine ; CIP : Ciprofloxacine ; SXT : Trimethoprim/sulfamethoxasol; CHL : Chloramphenicol ; FOS : Fosfomycine . (I) : intermediare.

in Algeria (1); Iran (31); Brazil (32) and in India (33).
However, it is rather similar to those reported in Mo-
rocco (34); Sri Lanka (13); in South Africa (11) and
in Pakistan (35). The absence of a synergistic zone for
strain S197 could be explained by the presence of a
second beta-lactam resistance mechanism such as the
production of a plasmid-mediated cephalosporinase or
a hyperproduction of a chromosomal cephalosporinase,
which could be supported by the resistance of this strain
to cefoxitin. Plasmids harbouring cephalosporinase
conferring resistance to cefoxitin were characterized in
K. pneumoniae in Algeria (36) and worldwide (37). The
resistance to carbapenems of the strain S197 might not
be related to an enzymatic mechanism such as carbap-
enemases, as suggested by the negative results of am-
plification of the blaVIM, blaIMP, blaKPC, blaNDM
and hlaOX A48 genes. It has been reported that the pro-
duction of certain beta lactamases such as cephalospori-
nases or ESBL associated with a mechanism of imper-
meability by the loss of porins can lead to carbapenem
resistance of some strains of K. pneumoniae (38).

The high prevalence of resistance of strains of K.
pneumoniae to antibiotics of the beta-lactam family
could be explained by the extensive and abusive use
of antibiotics of this family in hospitals. Moreover, the
clinical K. pneumoniae ESBL isolates showed high per-
centage of resistance to other classes of antibiotics such
as aminoglycosides and fluoroquinolones. This could
also be explained by the location of determinants of re-
sistance to these antibiotics on the same mobile genetic
element as plasmids of blaCTX-M gene (30). The use
of Fosfomycin and tigecycline are restricted to hospi-
tals. These are the last resort drugs for the treatment of
infections caused by K. pneumoniae ESBL and/or car-
bapenemases. In recent years, resistance to fosfomycin
and tigecycline have emerged and are increasing in K.
pneumoniae strains worldwide (39, 40). The isolates
of K. pneumoniae obtained during this study showed a
low percentage of resistance to fosfomycin. However,
the percentage of tigecycline-intermediate phenotype
strains may predict a shift towards the tigecycline re-
sistance phenotype. The results of percentage resist-
ance in our study were significantly lower than those

reported by several authors around the world concern-
ing tigecycline (32, 11). Overexpression of the AcrAB
efflux pump is the most important mechanism for the
resistance of K. pneumoniae strains to tigecycline (41).
Resistance to fosfomycin was reported in several strains
of K. pneumoniae worldwide, these strains show several
resistance mechanisms such as enzymatic inactivation,
target modification and decreased permeability of fosfo-
mycin (42). The acquisition of resistance to fosfomycin
and tigecycline by clinical isolates of K. pneumoniae
sharing ESBL and/or carbapenemases of represents a
serious problem for the treatment of infections because
these antibiotics were utilized in last resort for treat-
ment of ESBL and/or carbapenemases K. pneumoniae
infections (8). The results of PCR amplification of the
B-lactamase genes blaTEM, blaSHV and blaCTX-M
showed that all the strains harbour a blaCTX-M gene.
This may explain the high level of resistance to third-
and fourth-generation cephalosporins (43). Strains
of K. pneumoniae carrying CTX-M group 1 enzymes
are frequently isolated from the hospital environment.
Similar results are reported by some authors in Alge-
ria (1, 36) and also in Tunisia (44). The high percent-
age of resistance to ceftazidime in some strains of K.
pneumoniae could be explained by the presence of the
blaCTX-M15 gene. Indeed, several studies carried out
in Algeria show the predominance of the hlaCTX-M15
and blaCTX-M3 genes in some province in the north
of the country such as Algiers, Tlemcen, Bejaia and
Annaba (1, 45, 9, 46, 47, 16). The results of our study
show that the b/laCTX-M gene is easily transferable by
conjugation. Intermediate resistance phenotypes are ob-
served in some transconjugants against certain antibi-
otics such as ceftazidime, cefepime, aztreonam, amox-
icillin-clavulanic acid and ciprofloxacin, this could be
explained by the structural difference of the cell wall
and plasma membrane between K. pneumoniae and E.
coli K12. Indeed, the decrease in permeability is one of
the resistance mechanisms of strains of K. pneumoniae
with regard to antibiotics belonging to the family of be-
ta-lactams, aminoglycosides and fluoroquinolones (48).
These intermediate resistance phenotypes could also be
explained by the level of expression of ESBL- genes
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in E. coli K12. Indeed, during bacterial conjugation, a
single plasmid molecule might be transferred therefore
reducing the effective amount of enzyme produced by
the transconjugant strain compared to that of the wild-
type strain, reducing the catalytic efficiency of ESBLs
and resistance (15). Co-transfers have been described
for resistance to aminoglycosides, fluoroquinolones,
sulfonamides and phenicols with beta-lactams, indicat-
ing that the genetic determinants of these resistances are
carried by the same conjugative plasmid. The co-trans-
fer of these resistances in K. pneumoniae is reported by
several authors (49, 50, 1). The ERIC-PCR results show
different profiles of K. pneumoniae strains which show
the absence of a particular clone.

Multidrug-resistant strains of K. pneumoniae are still
a serious public health problem. Their dissemination
requires the use of carbapenems, thus inducing the ap-
pearance and spread of resistance to them. The onset of
resistance to fosfomycin could lead to very serious ther-
apeutic impasses in the treatment of infections caused
by these ESBL strains and/or resistant carbapenems. In
view of all these results, a much more rational use of
antibiotics in hospitals is more than recommended, and
local, regional and international surveillance is needed
regarding the evolution of the resistance of these strains
that become more and more resistant. Performing sys-
tematic and accurate identification of ESBL strains and/
or resistant carbapenems producers in clinical microbi-
ology laboratory is an important first step and provides
key evidence for control of theses strains. The early
identification of ESBL strains and/or resistant carbap-
enems producing isolates in clinical infections should
be mandatory to prevent the development of untreatable
infections. On the other hand, national and international
campaigns to educate health-care providers, patients
and lay persons may be warranted to limit the over-use
and abuse of antibiotics in humans and agriculture. It
would be interesting to continue this study by determin-
ing the type of CTX-M by sequencing, the study of the
genetic environment and the determination of resistance
genes to other families of antibiotics as well as their ge-
netic supports.
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