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Abstract:

This study assesses the prevalence of Extended Spectrum [B-Lactamase (ESBL)- and
carbapenemase (CRB)-producing Gram-negative bacteria (GNB) from 14 wastewater samples
collected in BBA. Overall, 12 samples (86%) harbored CTXR strains, and 30 CTXR-GNB
strains were recovered, among which 11 (37%) were found to be ESBL-E, and 4 strains
harbored the blactx-m encoding gene. ESBL-E were identified as: K. pneumoniae (6 strains), E.
coli (4 strains), and Citrobacter freundii (1 strain). Six multi-drug resistant (MDR) strains were
detected among ESBL-E. In addition, 10 samples (71%) contained IMPR strains, and 14 IMPR-
GNB strains were collected, among which 1 (7%) was CRB-GNB and MDR.

Keywords: ESBL-producing Gram-negative bacteria, Carbapenemase-producing Gram-
negative bacteria, Enterobacteriaceae, blactx-m, wastewater, BBA.



Résumé:

Cette etude évalue la prévalence des bacteries a Gram-négatif (BGN) productrices de B-
lactamases a spectre étendu (BLSE) et de carbapénémases (CRB) a partir de 14 échantillons
d'eaux usées collectés dans la ville de BBA. Au total, 12 échantillons (86 %) hébergeaient des
souches CTXR et 30 souches CTXR-BGN ont été collectées, parmi lesquelles 11 (37 %) se sont
révélées BLSE-E et 4 souches hébergeaient le géne codant pour blacTtx-m. Les BLSE-E ont été
identifiées comme suit : K. pneumoniae (6 souches), E. coli (4 souches) et Citrobacter freundii
(1 souche). Six souches multirésistantes (MR) ont éte détectees parmi les BLSE-E. De plus, 10
échantillons (71 %) contenaient des souches IMPR et 14 souches IMPR-GNB ont été collectées,
parmi lesquelles 1 (7 %) était CRB-GNB et MR.

Mots-clés: Bactéries a Gram-négatif productrices de BLSEs, bactéries a Gram-negatif
productrices de carbapenémases, Enterobacteriaceae, blacTx-m, €au usée, BBA.
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Introduction

The 1928 discovery of penicillin was a groundbreaking event in biology and medicine
(Bennett & Chung, 2001). However, by the 1940s, the first signs of penicillin resistance began
to emerge among bacteria (Knowles, 1985). Today, antimicrobial resistance (AMR) poses a
major health challenge (Marston et al., 2016). According to the Centers for Disease Control
and Prevention (CDC), 23000 deaths each year are a direct result of infections by resistant

agents; the number is even higher in Europe with 25000 deaths per year (Brinkac et al., 2017).

In2017, the World Health Organization (WHO) published a list of global priority pathogens
(GPP), including 12 species divided in 3 tiers: critical, high and medium antibiotic resistance
levels. Pseudomonas aeruginosa, Acinetobacter baumannii, and the group of
Enterobacteriaceae, all categorized as critical pathogens, represent an absolute priority for
antibiotic development strategies with the rise of resistance to carbapenems and [-lactams
(Asokan et al., 2019). Worldwide, the most used antibiotics are those belonging to the B-
lactams family (Rodriguez Villalobos & Struelens, 2006), however, we counted 6971 -
lactamases enzymes conferring resistance to bacteria on December, 2020, especially among

Gram-negative (GN) bacteria (Oumeima et al., 2022).

Particular attention is paid to Extended-Spectrum p-Lactamases (ESBLS), as one of the most
relevant resistance mechanisms in this group (Chenouf et al., 2021). These enzymes are
responsible for resistance by hydrolyzing penicillins, cephalosporins and aztreonam (Zenati et
al., 2019), and are encoded by genes located in plasmids (Barizet al., 2019). The most detected
types of ESBLs were TEM and SHV types until 1989 (Labid et al., 2014). In recent years, the
CTX-M type became the most common (Gharout-Sait et al., 2012). CTX-M B-Lactamases
encoded by blacTx-m genes are classified into 6 groups: CTX-M-1, CTX-M 2, CTXM-8, CTX-
M-9, CTX-M-25 and CTX-M-45; they guarantee a high resistance to cefotaxime (Barizet al.,
2019). CTX-M 15 B-Lactamases belonging to the CTX-M-1 group first known in 2001 are the
most frequently detected worldwide (Nouria et al., 2016).They have been reported for the first
time in Algeria in 2005 (Touati et al., 2006).Thereafter, it was reported in distinct

environments.

Even tough carbapenems are very effective antibiotics against most ESBL-producing
bacteria, resistance is rising not only by reduced cell membrane permeability combined with
the overproduction of AmpC [-lactamases or ESBLs, but also by the production of
carbapenemases (CRB), another variety of p-Lactamases (Schaffarczyk et al., 2024). CRB
capable to hydrolyze carbapenems are classified in 3 classes accordingto Ambler classification:

1



Ambler class A enzymes, such as Klebsiella pneumoniae (K. pneumoniae) carbapenemase
(KPC) , Ambler class B or metallo-p-lactamases (MBLSs), including Verona integron-borne
metallo-B-lactamase (VIM), New Delhi metallo-p-lactamase (NDM), imipenemase-type
metallo-B-lactamase (IMP), and Ambler class D enzymes, such as OXA-48-like enzymes in
Klebsiella pneumoniae (Lade et al., 2023). At the genetic level, genes encoding CRB spread
rapidly due to the variety of mobile genetic elements (MGESs) carrying them such as plasmids,
integrons and transposons (Schultsz & Geerlings, 2012). ESBL- and/or CRB-producing GNB
are known to be multi-drug resistant (MDR), thus their presence represents a serious global

threat as it limits the therapeutic options for treatment of infections.

On the other hand, wastewater from different environmental sources is considered a hotspot
niche of MDR and/or pathogenic bacteria (Kumar & Pal, 2018 ;Korzeniewska et al., 2013).
Therefore, the aim of this study is to assess the prevalence and the antimicrobial resistance
patterns of ESBL- and CRB-GNB in wastewater samples collected from distinct wastewater
discharge sources located in Bordj Bou Arreridj city (BBA), and to characterize the molecular
features of selected ESBL-GNB.
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1. Sampling

1.1. Sample sources

Materials and Methods

As illustrated in table 1 and figures 1 and 2, fourteen wastewater samples were drawn
from four wastewater discharge sources located in BBA city: domestic wastewater
(DWW), hospital wastewater (HWW), poultry house wastewater (PWW) and
Wastewater Treatment Plants (WWTPs), during the period from February 11 to May
2024. The proportion of each sample type is given in figure 3.

Table 1: Distribution of wastewater samples (in number)

o ) ] Number of
Sample Description /location Sampling date
source samples
= Residential houses
S ] February 11, 2024 3
3 in BBA (n=2)
General effluent of Bouzidi
§ Lakhdar hospital in BBA February 26, 2024 2
T (n=1)
Poultry house in Ch’fa, El-
g _ March 7, 2024 3
= Khelil, BBA (n=1)
Collection basin of WWTP )
April 14, 2024 3
o of BBA
S Collection basin of WWTP
< May 5, 2024 3
of Ain Zada

Figure 1: DWW sampling
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Figure 2: WWTP Sampling

DWW mEHWW BEPWW = WWTPs

Figure 3: Distribution of wastewater samples (in percentage)

1.2. Sampling methods

1.2.1. Equipment used

Small sterile 50ml-containers were used and a special sampling 4m-rod was designed
for sampling, as shown in figure 4. Wastewater samples were carefully collected and

then immediately transported to the laboratory of the Department in a 4°C cooler.
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Figure 4: Sampling equipment

1.3.2. Ethical and safety considerations
1.3.2.1. Permissions

Necessary permissions were obtained from competent authorities.
1.3.2.2. Safety measures

Appropriate personal protective equipment was worn during sampling.

2. Enrichment

In order to promote the growth of bacteria in wastewater samples (figures 5 and 6),
enrichment was performed by transferring 1ml of each wastewater sample using a
micropipette in test tubes containing 5ml of Nutrient Broth (NB). The tubes were then

incubated overnight at 37°C.

Figure 5: Wastewater samples
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Figure 6: Enrichment steps

3. Isolation

In order to reduce the bacterial charge and promote the growth of ESBL- and CRB-GNB,
the enriched cultures were streaked onto selective media obtained by adding Cefotaxime with
a concentration of 2ug/ml (Hassen et al., 2020) and Imipenem with a concentration of
2ug/ml (Moran-Gilad et al.,, 2014) to Mac Conkey/Hektoen media (figure 7). The T-
streaking method was used in isolation.

o= -
el

Figure 7: Preparation of selective media supplemented with antibiotics

4. Purification

After isolation, bacterial cultures were obtained with different morphological aspects of
colonies. The purpose of purification is to obtain pure cultures of bacterial isolates. For that,
selected colonies were streaked onto the same media using the T-streaking method. A re-
streaking was needed until obtaining single-type and well-isolated colonies. The purity of the

bacterial cultures is confirmed by observing one morphological aspect of colonies (figure 8).
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Figure 8: Purification of a bacterial culture

5. Identification
5.1. Macroscopic identification

The aim is to provide initial information about bacterial isolates grown on the
selective media based on their morphological characteristics. For this purpose, the color,
shape, elevation, margin, texture and all additional observable characteristics of the

colonies were noted.
5.2. Microscopic identification (Gram-staining)

Using a sterile platinum loop, a small number of pure colonies is transferred on a
clean glass slide and mixed with a drop of sterile water in order to prepare bacterial
smears. As shown in the figure below, several stains were used (Coico, 2006).
Subsequently, Gram reaction, color, shape and arrangement of bacteria were noted.
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Safranin
Crystal violet

All Purple All Purple G+ = Purple G+ = Purple
G- = Colorless G- = Red

Figure 9: Gram-staining procedure (Mubarak et al., 2017)

5.3. Biochemical identification
5.3.1. Oxidase test

The oxidase test is based on the determination of the presence or not of cytochrome c

oxidase enzyme in bacterial isolates.

Using a sterile platinum loop, a small amount of pure colonies is transferred on an
oxidase test disc (figure 10). Subsequently, the color change is observed within 10-30
seconds, and two results are possible: a blue color indicates a positive result, while no

color change or light color indicates a negative result (Chavan et al., 2022).

Oxidase positive

Figure 10: Oxidase test (Sarangan et al., 2016)

5.3.2. API 20E System

API 20 E is an identification system for Enterobacteriaceae and other GNB based on
21 biochemical tests that allow the determination of the bacterial strain. The principle of
this system is based on the inoculation of the prepared bacterial suspension into 20

microtubes
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containing 20 dehydrated substrates: ONPG, ADH, LDC, ODC, CIT, H2S, URE, TDA,
IND, VP, GEL, GLU, MAN, INO, SOR, RHA, SAC, MEL, AMY, ARA (figure 11).

The preparation of the 0.5 Mac Farland Units suspension is performed by taking a
few colonies from a 24h pure culture in 5 ml of sterile 0.9% sodium chloride solution.
Afterwards, it was introduced into the tubes using a sterile syringe. For the CIT, VIP, and
GEL tests, both parts (tube and cupule) are filled. For the remaining tests, only the tube
is filled. As for the ADH, LDC, ODC, H2S, and URE tests paraffin oil was added in the

cupule to create anaerobiosis.

After incubation at 36°C £ 2°C for 18-24 hours, the reagents KOVACS, TDA, VP1,
and VP2 are added. The results are then read by referring to the reading table.

Identification is obtained from the numerical profile using the Apiweb database.

Figure 11: Inoculated API 20 E strip

6. Antibiogramme
6.1. Antimicrobial susceptibility testing

Antimicrobial susceptibility was assessed using the disc diffusion method on Mueller-
Hinton agar plates (Bauer et al., 1966). The antimicrobial agents used and their
concentration in pg/disc are the following: ticarcillin-clavulanic acid (TTC) (75-10 pg),
amoxicillin- clavulanic acid (AMC) (20-10 pg), cefotaxime (CTX) (30 ug), ceftazidime
(CAZ) (30 pg), cefepime (FEP) (30 pg), aztreonam (ATM) (30 ug), ertapenem (ETP)
(10 pg), meropenem (MRP) (10 pg), imipenem (IMP) (10ug), gentamicin (GEN) (10
pg), tobramycin (TOB) (10 pg), amikacin (AK) (30 pg), kanamycin (K) (30 pg),
streptomycin (S) (10 pg), spiramycin (SP) (30 ug), ciprofloxacin (CIP) (5 pg),
chloramphenicol (CHL) (30 ug), trimethoprime- sulfamethoxazole (SXT) (1.25-23.75
ug). The results obtained were interpreted according to CLSI guidelines.
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Figure 12: Disc diffusion method(created by biorender.com based on the CDC)

6.2. Complementary tests
6.2.1. ESBL phenotypic detection

6.2.1.1 Double-disc synergy test (DDST)

The test was conducted according to Jarlier et al. (1988), where third-generation
cephalosporin (3GC) discs Cefotaxime (CTX) (30 ug), Ceftazidime (CAZ) (30 pg) and
Aztreonam (ATM) (30 pg) were placed 20 mm from a central Amoxicillin-clavulanic
acid disc (AMC) (20-10 pg). The formation of a typical champagne-cork-like image
between the central disc and one of the third-generation cephalosporin discs after
incubation at 37°C for 24h was considered evidence of ESBL production by the bacterial

strain (figure 13).

As for Pseudomonas strains, the detection of ESBL production was performed
according to the protocol of the Pasteur Institute of Algeria (PIA, 2020), in which the
central AMC disc was replaced by a Ticarcillin-clavulanic acid disc (TTC) (75-10 pg).

Figure 13: A positive DDST of an ESBL-producing strain (Effendi & Witaningrum, 2021)



6.2.1.2. Double-disc test (DDT)

An AMC disc is placed at a distance of 30 mm from a 3GC disc (CTX or CAZ). After
inoculation with the strain to be tested, the discs are left to diffuse on MH (figure 14).
After 1 hour, the AMC disc is replaced by a 3GC disc, and the plate is incubated at 35°C
for 16-18 hours. An inhibition diameter of >5 mm between the second 3GC disc and the

original 3GC disc is considered a positive result (PI1A, 2020).

CTX AMC then CTX

Figure 14: A double disc test for ESBL confirmation (created by biorender.com)

6.2.2. Carbapenemases phenotypic detection
6.2.2.1. Modified Hodge test (MHT)

MHT is also known as the clover leaf method used for the detection of
carbapenemase activity (Lee et al., 2001; Caliskan-Aydogan & Alocilja, 2023). It is
based on the inhibition of carbapenem activity against a sensitive indicator strain when
in contact with a CRB- strain (PI1A, 2020). Consequently, negative and positive controls
are needed (Rao et al., 2019).

The test is performed by placing a carbapenem antibiotic disc (Meropenem/Ertapenem)
at the center of a plate containing Mueller-Hinton agar, previously inoculated with the
reference strain “Escherichia coli ATCC 25922” diluted 1/10 from an inoculum with a
turbidity of 0.5 McFarland Units. Then, the positive control, negative control (non-
diluted standardized inoculum of Escherichia coli ATCC 25922), and the tested strain
were inoculated in radial streaks from the disc to the edge (figure 15). The plates are
incubated at 35°C for 16-20 hours (PI1A, 2020).

The presence of a cloverleaf-shaped zone of inhibition near the test organism was

interpreted as an indication of carbapenemase production (Balan, 2013).
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E.coli AATC 25922

Positive control

Negative control

Tested strain

Figure 15: The Modified Hodge Test (CLSI, 2018)

6.2.2.2. Modified carbapenem inactivation method (mCIM)

mCIM was introduced by CLSI in 2016 (Caliskan-Aydogan & Alocilja, 2023). The
test allows for the evaluation of carbapenemase activity in the strain of interest by
measuring the inhibition diameter of the E. coli ATCC 25922 strain around a carbapenem
disc inactivated by the strain of interest (Cui et al., 2019). The test involves preparing a
suspension of the strain to be tested in 2 ml of sterile sodium chloride solution, followed
by adding a meropenem disc in this suspension, and incubation was performed at 35°C
for 4 hours. Afterwards, the disc is retrieved and placed on the surface of a MH agar
plate previously inoculated with E. coli ATCC 25922, with the density adjusted to 0.5

McFarland Units. The results were interpreted after incubation at 35°C for 18-24 hours
(PIA, 2020).

A B (& D

Figure 16: Protocol for applying meropenem discs for the mCIM (CLSI, 2021)
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For test validation, it is preferable to use the meropenem discs immerged in
suspensions of CRB-strains (positive control) and include them in the plate (P1A, 2020).
Four CRB-GNB strains were included in the test as positive controls: OXA-48-E.coli,
E.coli-VIM-1, KPC-3- Klebsiella pneumoniae and IMP-1-Pseudomonas aeruginosa.
These strains have been provided by the Laboratory of Microbial Ecology of the
university of Bejaia (figure 17).

Figure 17: Carbapenemases-producing strains used (positive control)

7. Molecular characterization

Molecular characterization of 4 selected ESBL-E was performed by Polymerase
Chain Reaction (PCR) at the Gene Life Sciences Laboratory (GLSL) of Sidi Bel Abbes
on May 20, 2024. The PCR technique was first introduced by Kary Mullis in 1983
(Mullis, 1990) allowing the in vitro amplification of a specific DNA sequence, defined
by a pair of primers (F: Forward and R: Reverse), to produce a large number of identical
copies (Garibyan & Avashia, 2013).

According to the laboratory’s description, the procedure initially involved the
extraction of bacterial DNA by using standard method of DNA extraction. Then, PCR
essays were conducted using the primer blactx-m encoding gene (F-
CGATGTGCAGTACCAGTAA; R- TTAGTGACCAGAATCAGCGG; amplicon size
585bp). MyCycler (BIO-RAD, USA) thermocycler was used.

The PCR process occurred as follows: Initial denaturation at 95°C for 15 minutes,
denaturation at 95°C for 50 seconds, annealing at 52°C for 40 seconds, and extension of
72°C for 1 minute. The amplification was repeated in 40 cycles followed by a final

extension at 72°C for 7 minutes (figure 18).
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After the PCR reaction, PCR products were electrophoresed on a 1.5% agarose gel in
TAE buffer (40mM Tris, 20 mM Acetic Acid et ImM EDTA) at pH 8), and the gel was
visualized under UV light after staining with ROTI® red gel stain and observed with a UV

trans- illuminator.

PCR Components PCR Process (ONE Cycle)
4 0 )
;
= A T l 95°C — Strands separate 1. Denaturing

DNA Sample Primers Nucleotides

Tag polymerase Mix Buffer PCR Tube /

Ii

:

l 55°C - Primers bind template 2. Annealing

3

!
|

l 72°C - Synthesise new strand 3. Extension

PCR Cycle

i

Thermal Cycler

Figure 18: The PCR process (From biochemistrybasics.com)
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Results and Discussion

I- Results
1. Isolation frequency of cefotaxime-resistant GNB (CTXR-GNB)

As shown in the figure below, out of 14 wastewater samples inoculated on selective
media supplemented with CTX, 12 (86%) harbored CTXR-GNB isolates. The

remaining 2 negative samples (14%) originated from DWW and PWW sources.

m CTX-R positive samples

m CTX-R negative samples

Figure 19: Isolation frequency of CTXR-GNB
2. CTXR-GNB Recovery

Overall, 30 CTXR-GNB strains were recovered from 12 positive samples. The

distribution and number of CTXR-GNB isolates per sample type are given in table 2.

Table 2: Distribution of CTXR-GNB strains per wastewater sample

Sample type | DWW HWW PWW WWTP1 | WWTP2 | Total
Positive 2/3 212 213 313 313 12
samples

Strains 4 4 3 11 8 30
number

Rate 13% 13% 10% 3% 27% 100%

DWW: Domestic Wastewater, HWW: Hospital Wastewater, PWW: Poultry Wastewater, WWTP: Wastewater
treatment plants
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3. Prevalence of ESBL-GNB

Among the 30 CTXR-GNB, 11 were confirmed to be ESBL producers, which
indicates a prevalence of 37% of total isolates (figure 20). As illustrated in figure 21,
they ESBL-GNB isolates were assigned to 3 different species belonging to the
Enterobacteriaceae family (ESBL-E): K. pneumoniae (6 strains), E. coli (4 strains),
and Citrobacter freundii (1 strain). In contrast, all Pseudomonas aeruginosa strains

were negative to the synergy test.

m ESBL-GNB mnon-ESBL-GNB

Figure 20: Prevalence of ESBL-GNB

E K. pneumoniae ™ E.coli ™ Citrobacter freundii

Figure 21: Distribution of ESBL-E strains

The synergy test results of the different ESBL-E recovered are shown in the figure
below:
16
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Figure 22: Positive synergy tests detected in ESBL-E
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The different results of the macroscopic and microscopic identification are shown in the

figures below:

Al - .
Figure 23: Lactose-positive Figure 24: Lactose-negative Figure 25: Lactose-

colonies on MacConkey Agar colonies on MacConkey Agar positive GNB on Hektoen
Agar

Figure 26: Lactose-negative Figure 27: E. coli colonies on Figure 28: K. pneumoniae
colonies on Hektoen Agar MacConkey Agar colonies on MacConkey Agar

Figure 29: Grarh-negative‘ bacilli Figure 30: Oxydase test results
under light microscope (x1500)
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The different results of the API 20 E identification of ESBL-GNB are summarized
in the figure below:

Figure 31: Biochemical identification of ESBL-E using the API 20E system
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4. Antimicrobial resistance patterns of ESBL-E

The antimicrobial susceptibility testing performed using the disk diffusion method according
to the guidelines of CLSI (2020) showed high resistance levels to cefotaxime (100%),
trimethoprim-sulfamethoxazole (73%), aztreonam (64%). Moderate resistance was observed
towards ceftazidime and ciprofloxacin (45%), while low resistance rates were noted to
amoxicillin-clavulanic acid (27%), amikacin and kanamycin (18%), and tobramycin (9%). In
contrast, all ESBL-GNB were susceptible to gentamicin, imipenem, ertapenem, meropenem,
spiramycin, streptomycin, cotrimoxazole and chloramphenicol. The antimicrobial resistance

patterns of the 11 ESBL-E strains are outlined in table 3.

On the other hand, 5 ESBL-E displayed a multi-drug resistant (MDR) phenotype, defined as

resistance to >3 drug classes (45%).

Table 3: Antimicrobial resistance patterns of ESBL-E

Strain code Species Antimicrobial resistance pattern

HWW1/CTX/LAC+ K. pneumoniae CTX-CAZ-ATM-SXT-AK-K (*)

HWW2/CTX/LACH+] C. freundii AMC-CTX-CAZ-ATM-SXT-AK-K (*)

WWTPL/CTX/ LAC+ E. coli CTX-ATM-CIP

WWTP2/CTX/LAC+ E. coli CTX-SXT

WWTP3’/CTX/LAC+ E. coli AMC-CTX-CAZ-ATM-SXT-CIP-TOB
*)

WWTP3/CTX/LAC+ K. pneumoniae CTX-CAZ-ATM-SXT-CIP (*)

WWTP5/CTX/LAC+ E. coli CTX-AMC

WWTP1’/CTX/LAC+ K. pneumoniae CTX-ATM-CIP

WWTP2’/CTX/LAC+ K.pneumoniae CTX-CAZ-ATM-SXT

WWTP5/CTX/LAC+] K. pneumoniae CTX-SXT

WWTP6/CTX/LAC+ K. pneumoniae CTX-SXT-CIP (*)

HWW: Hospital Wastewater, WWTP: Wastewater treatment plant, AMC: Amoxicillin-clavulanic acid, CTX:
cefotaxime, CAZ: ceftazidime, SXT: Trimethoprime-sulfamethoxazole, ATM: Aztreonam, COT: Cotrimoxazole , C:
Chloramphenicol, CIP: Ciprofloxacin, TOB: Tobramycin, K: Kanamycin, AK: Amikacin, LAC+: lactose-positive GNB,
LAC-: lactose-negative GNB, (*): multi-drug resistant (MDR) phenotype

5. Antimicrobial resistance patterns of CTXR non-ESBL-GNB

Regarding the 19 remaining CTXR non-ESBL-GNB, the highest resistance rates were
noticed against cefotaxime and trimethoprim-sulfamethoxazole (58%), amoxicillin-clavulanic
acid (42%), ceftazidime, ciprofloxacin, aztreonam and chloramphenicol (21%). Interestingly, 2

strains exhibited resistance towards imipenem and kanamycin while only one strain was
20



resistant to amikacin and streptomycin. Conversely, 7 strains were susceptible to all antibiotics
tested. Importantly, 7 strains were MDR (37%) (table 4).

Table 4: Antimicrobial resistance patterns of CTXR non-ESBL-GNB

Number of strains | Strain Code Antimicrobial resistance pattern
1 HWW2/CTX/LAC+S AMC-CTX-CAZ-ATM-SXT-K (*)
1 HWWZL/CTX/LAC- AMC-CTX-ATM-SXT-AK-K-S (*)
1 PWW1/CTX/LAC-g AMC-SXT-IMI-C-CIP (*)

1 PWWZL/CTX/LAC- AMC-CTX-CAZ-SXT-IMI-C-CIP (*)
1 WWTP4/CTX/LAC+ CTX-SXT

1 WWTP3/CTX/LAC- CTX-ATM-SXT-C (*)

1 WWTP3’/CTX/LAC- AMC-CTX-ATM-SXT-C (*)

1 WWTP2”’/CTX/LAC+ AMC-CTX-CAZ-CIP

1 WWTP2/CTX/LAC- CTX-SXT

1 WWTP1”’/CTX/LAC+ AMC-CTX-CAZ-SXT-CIP (*)

1 WWTP4/CTX/LAC+ AMC-CTX-SXT

1 WWTP6/CTX/LAC+ CTX-SXT

7 / Susceptible to all antibiotics

HWW: Hospital Wastewater, PWW: Poultry Wastewater, WWTP: Wastewater treatment plant, AMC: Amoxicillin-
clavulanic acid, CTX: cefotaxime, CAZ: ceftazidime, SXT: Trimethoprime-sulfamethoxazole, ATM: Aztreonam,, C:
Chloramphenicol, CIP: Ciprofloxacin, K: Kanamycin, AK: Amikacin S: Streptomycin, IMI: Imipenem, LAC+: lactose-
positive GNB, LAC-: lactose-negative GNB, (*): multi-drug resistant (MDR) phenotype

6. Molecular characterization of ESBL-E strains

Results of the PCR/electrophoresis essays showed the detection of the blactx-v encoding

gene in the 4 selected ESBL-E (table 5 and figure 31).

Table 5: The selected ESBL-E strains for blactx-m investigation

PCR's code Original code ESBL-E

RA1 HWWZ1/CTX/LAC+ K. pneumoniae
RA2 HWW2/CTX/LAC+] C. freundii
RA3 WWTP1/CTX/LAC+ E. coli

RA4 WWTP3’/CTX/LAC+ E. coli
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RA3 RAl RA4 M RA2

Figure 32: The blactx-m PCR electrophoretic profile
Samples: RA3, RAL, RA4, RA2, M: 100pb DNA Ladder.

7. Isolation frequency of imipenem-resistant GNB (IMPR-GNB)

As reported in figure 32, 10 of the 14 wastewater samples inoculated on selective
media supplemented with IMP contained IMPR-GNB isolates (71 %), and 14 IMPR-
GNB isolates were recovered. The distribution and number of IMPR-GNB isolates per

sample type are illustrated in table 6.

29%

IMP-R positive samples IMP-R negative samples

Figure 33: Isolation frequency of CTXR-GNB
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Table 6: Distribution of IMPR-GNB strains per wastewater sample

Sample type | DWW HWW PWW WWTP1 | WWTP2 | Total
Positive 3/3 2/2 0/3 3/3 2/3 10
samples

Strains 5) 4 0 3 2 14
number

Rate 36% 29% 0 21% 14% 100%

DWW: Domestic Wastewater, HWW: Hospital Wastewater, PWW: Poultry Wastewater, WWTP : Wastewater
treatment plants.

8. Prevalence of CRB-GNB

Out of the 14 IMPR-GNB strains, one was found to be CRB-GNB using the

modified carbapenem inactivation method (7%), as mentioned in figures 33 and 34.

uCRB-GNB mnon CRB-GNB

Figure 35: Prevalence of CRB-GNB

Figure 34: Positive mCIM test (meropenem diameter = 18 mm and the presence of
colonies inside the inhibition zone)
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It is worth mentioning that the mCIM test conducted on IMPR-GNB was
considered undetermined as meropenem diameter was 18 mm with no colonies inside of
the inhibition zone (figure 35). As for the Hodge test, all IMPR-GNB tested revealed a

negative result (figure 36).

Figure 37: Negative MHT
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9. Antimicrobial resistance patterns of IMPR -GNB strains

Amongst the 14 IMPR -GNB strains, the highest resistance rates were noticed

against trimethoprim-sulfamethoxazole (64%),

amoxicillin-clavulanic acid and

imipenem (36%) and ciprofloxacin (29%). In contrast, only 2 strains exhibited

resistance towards aztreonam, cefotaxime and kanamycin (14%) while only one strain

was resistant to cefepime and streptomycin (7% for each). Interestingly, 6 strains were

MDR including the CRB-GNB strain that was identified as K. pneumoniae using the

API 20E system. Moreover, 4 were susceptible to all antibiotics tested (29%).

Table 7: Antimicrobial resistance pattern of IMPR -CRB strains

Number | Strain code Antimicrobial resistance | Carbapenemases
of strains pattern detection

1 DWWUV/IMI/LAC- AMC-SXT-ATM -

1 DWW2/IMI/LAC- FEP-ATM-SXT-S (*) -

1 DWW2’/IMI/LAC- SXT -

1 HWW2/IMI/LAC- AMC-CTX-SXT-K (*) -

1 HWWY/IMI/LAC+ SXT-K -

1 WWTP1/IMI/LAC+H2S+ | SXT-IMI-C-CIP (*) -

1 WWTPL/IMI/LAC- AMC-SXT-IMI-CIP (*) -

1 WWTP2/IMI/LAC+ AMC-IMI Undetermined

1 WWTP1/IMI/LAC+S AMC-CTX-SXT-IMI-C-CIP (*) | +

1 WWTP2/IMI/LAC+G IMI-SXT-CIP (*) -

4 / Susceptible to all antibiotics -

DWW: Domestic Wastewater, HWW: Hospital Wastewater, WWTP: Wastewater treatment plant AMC:
Amoxicillin- calvulanic acid, CTX: cefotaxime, SXT: Trimethoprime-sulfamethoxazole, FEP: cefepime, ATM:
Aztreonam, C: Chloramphenicol, IMP: Imipenem, CIP: Ciprofloxacin, K: Kanamycin, LAC+: lactose-positive
GNB, LAC-: lactose- negative GNB, (*): multi-drug resistant (MDR) phenotype
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11-Discussion

Antimicrobial resistance is presently one of the leading causes of death worldwide, and
wastewater is regarded as an important driver of resistant bacteria. In this study conducted on
14 wastewater samples collected fromdifferent sources in BBA city, 12 were contaminated and
30 CTXR-GNB strains were recovered (86% of the samples). Our findings are higher than those
published by Hassen et al. (2021) (54%) in wastewater collected in Tunisia. This is likely
owing to the huge variation in the total number of samples (only14 samples were assessed in
our study against 100 in the Tunisian study).

In WWTPs, elevated isolation frequencies of CTXR-GNB were noted. Nearly 37% of CTXR
strains were gathered from the main WWTP of BBA and 27% from the second one. This result
is not surprising as WWTPs have long been considered hotspots for resistant bacteria, and all
wastewaters of BBA city drain into it. As for HWW, the limited number of samples could be
the cause of making this source in the second position with 13% while Anssour et al. (2014)

reported a rate of 21%.

In the present study, 37% of the CTXR-GNB strains were confirmed to be ESBL producers.
These values are close to those outlined by Alouache et al. (2014), where 40% of the CTXR
strains were found to be ESBL-GNB, while only 28.72% were detected in the study of Mechai
et al. (2019), and 23.8% in a Tunisian study conducted by Hassen et al. (2020). The relatively
high rates found in our study is a result of the inappropriate usage of antibiotics in both human
and veterinary medicines, which leads to the selection of resistant-bacteria. On the other hand,

the isolation methods used in the different surveys could also explain these differences.

A variety of pathways can lead to cefotaxime resistance. Enzymatic resistance, ESBLs and
Cephalosporinases, for instance, can hydrolyze a wide range of B-lactam antibiotics, including
penicillin and cephalosporins. On the other hand, non-enzymatic resistance does not rely on

enzymes but may involve other strategies like efflux pumps.

As several studies already reported, including Dropa et al. (2016), our study has known a
high occurrence of ESBL-E. The predominance of the two resistant Enterobacteriaceae E.coli
and K. pneumoniae highlights their high genomic plasticity and capacity to harbor and transfer
the ESBL-encoding genes via the different mobile genetic elements. Additionally, all of the
latter were identified by the common synergy test. Conversely, the ESBL-C.freundii strain

acquired a confirmation procedure via the double-disc test. This may be due to the superior
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prevalence of cephalosporinases encoding genes (blaampc) over the ESBL genes (blactx-m) (Liu
et al., 2018).

All ESBL-E strains were recovered from the WWTPs and HWW samples. These two
environments are globally known as relevant reservoirs of resistant bacteria including ESBL-
E. Furthermore, the detection of ESBL- producing bacteria in HWW may be a sign of the
occurrence of nosocomial infections, as they have been increasingly reported as causative
agents worldwide. In general, we can outline that the presence of ESBL-E in wastewater from
BBA city constitutes a risk for public health, and consequently, their surveillance in wastewaters

is crucial for tackling the antibiotic resistance crisis in the region.

In contrast, no ESBL-E strain was detected in PWW samples collected in Ch'fa region. This
could be explained by the antibiotic therapy used in the poultry house during the collection of

samples, because of the colibacillosis disease that occurred in the poultry flocks.

No ESBL-producing Pseudomonas aeruginosa was revealed in the present study, which is
probably due to the high occurrence of efflux pumps as a resistance mechanism to cefotaxime

in Pseudomonas species (Khalili et al., 2019).

As expected, the blactx-m encoding gene was detected in the 4 selected ESBL-E by PCR
essays. These results reinforce the previous background about the global expansion of the
blaCTX-M different ecosystems, worldwide. complementary studies including sequencing of
the ESBL-E strains and molecular typing are required to better investigate the dissemination

and epidemiology of ESBL-E in wastewater of BBA city.

Most of the strains showed a multi-resistant phenotype mainly to: cefotaxime, ceftazidime,
aztreonam, trimethoprime-sulfamethoxazole and ciprofloxacin. This is not surprising, given
that, most of our isolates exhibited a co-resistance to old drug agents such as B-lactams,
sulfonamides and quinolones. Also, it is known that B-lactams are the most used antibiotics
worldwide (Rodriguez-Villalobos & Struelens, 2006) leading to their presence in wastewater
witch are considered reservoirs of MDR bacteria due to the presence of antibiotics that select
them and favor their dissemination (Zagui et al., 2020). This theory explains the high rate of

resistance to B-lactams observed for all samples.

Conversely, all strains were sensitive to meropenem and gentamycin which underscores the
significant importance of these antibiotics as an alternative treatment for MDR-GNB infections.
These results are not surprising since MRP and GEN are very effective antibiotics against a
wide range of GNB (Bassetti et al., 2019; Sharma et al., 2024).
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Isolates of HWW showed high resistance to SXT, K, CTX, CAZ, ATM and AMC. This result
is alarming since 87% of isolates were resistant to SXT, a very effective antibiotic against GNB
(Deconinck et al., 2019).This finding could be explained by frequent antibiotic use since
hospitals are settings where antibiotics are heavily employed to treat and prevent infections.
Most resistance shown was to antibiotics belonging to p-lactams with 13 resistant strains

followed by folate pathway antagonists and aminoglycosides with 7 and 6 strains, respectively.

For GNB isolated from PWW, the high level of resistance noticed towards CIP and SXT is
worrying since these 2 antibiotics are very effective against GNB. Moderate resistance (42%-
71%) was observed for AMC, C and CTX. Hopefully, low resistance was shown to CAZ and
ATM (14%) and no resistance for MRP and GEN (0%). The antibiotic resistance results are
logical given the accelerated use of antibiotics in poultry farms, highlighting the crucial need
for regulation and control by the competent authorities (Veloo et al., 2022). Moreover, the high
usage of antibiotics in poultry farms for preventive and/or curative purposes may lead to a
strong selective pressure, in addition of a lack of regulation and/or surveillance (Hedman et
al., 2020).

GNB isolated from both WWTPs showed interesting similarities with complete resistance
to CTX (100%), high resistance to SXT, low resistance to C and complete susceptibility to MRP
and GEN. The obtained results are similar to those published by other researchers who affirm
that diversity of resistance profiles observed throughout the WWTPs is concerning (Rodriguez
et al., 2020). This result may be attributed to the selection pressure and the very high
concentration of waste as it is a mix of domestic, agricultural and industrial wastewater,
therefore WWTP can include antimicrobial agents and a variety of bacterial strains (Karkman
et al., 2018).

In our work, we also investigated the prevalence of CRB-GNB in wastewater in BBA city.
The results showed a prevalence of 7% of total IMPR-GNB strains. This value is lower than the
one reported in Batna (79.16%) (Cherak et al., 2021), in the United States 80% (Reinke et
al., 2020), and in China 59.61% (Zhang et al., 2020). However, the detection of CRB-E is still
worrying since carbapenems (meropenem, imipenem, doripenem, and ertapenem) are used as
last resort antibiotics for treating the most severe infections caused by ESBL-E and other MDR
bacteria. Excessive carbapenem usage promotes a variety of resistance mechanisms? including
carbapenemases that can hydrolyze carbapenems. Carbapenemases production predominates
worldwide as the main mechanism of resistance to carbapenems, which represents a significant
health risk, as mentioned by Nasser-Ali et al. (2024).
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During our work, we employed two different techniques to detect carbapenemases. The first
techniqgue (MCIM) showed positive result, unlike the second technique (MHT). This
discrepancy suggests that the mCIM technique is superior in terms of sensitivity and accuracy,
making ita more reliable method for carbapenemase detection (Shaikh et al., 2020). Therefore,
MHT is no longer considered a reliable phenotypic method for carbapenemase detection; other
methods such as the CarbaNP test and the mCIM, are more reliable according to CLSI, and

should be further employed for the undetermined strain.

To sum up, we can say that this study revealed the circulation of antimicrobial resistant
bacteria (ESBL-E, CRB-E, and MDR-GNB) in wastewater of BBA city. This result is alarming
since these bacteria can be easily spread to the environment and be transmitted to human,
notably if treatment procedures are not efficient. Thus, we emphasize that wastewater
surveillance can be an additional tool for monitoring antimicrobial resistance (AMR) at the
population level. In depth surveys should be further designed on more wastewater samples of

BBA region, including molecular characterization of ESBL - and/or CRB-GNB strains.
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Conclusion

The discovery and use of antibiotics during the early 20t century played a major role in
reducing the fatality associated with infections by microorganisms. However, the silent
pandemic of antibiotic resistance led to the appearance of MDR-GNB able to resist to a wide
range of antibiotics using various mechanisms. Among these mechanisms is the production of
B-lactamases able to hydrolyze enzymes of the B-lactams family; two types of enzymes are
notable: ESBLs and carbapenemases.

In this study, a total of 14 samples of wastewater from distinct discharge sources (DWW,
HWW, PWW and WWTPs) were collected in BBA in order to investigate the prevalence of
ESBL-GNB and CRB-GNB, and evaluate their antimicrobial resistance patterns.

Amidst the 14 samples, 12 (86%) harbored CTXR strains, and 30 CTXR-GNB strains were
recovered, among which 11 (37%) were found to be ESBL-E: K. pneumoniae (6 strains), E.
coli (4 strains), and Citrobacter freundii (1 strain). Moreover, the molecular characterization of
4 ESBL-E strains showed the detection of the blactx-.m encoding gene. Regarding the
antimicrobial resistance patterns, the highest resistance levels were observed against cefotaxime
(100%), trimethoprim-sulfamethoxazole (73%) and aztreonam (64%) while complete
susceptibility was shown towards gentamicin, imipenem, ertapenem, meropenem, spiramycin,

streptomycin, cotrimoxazole and chloramphenicol. We also noted 5 MDR among ESBL-E.

On the other hand, 10 samples (71%) contained IMPR strains, and 14 IMPR-GNB strains
were collected, among which 1 (7%) was CRB-GNB. Furthermore, in IMPR-GNB strains, the
highest resistance rates were noticed against trimethoprim-sulfamethoxazole (64%),
amoxicillin-clavulanic acid and imipenem (36%) and ciprofloxacin (29%) while 4 strains were
susceptible to all antibiotics. Six IMPR-GNB strains displayed a MDR phenotype, including the
CRB-E strain identifies as K. pneumoniae.

This study revealed the circulation of antimicrobial resistant bacteria (ESBL-E, CRB-E, and
MDR-GNB) in wastewater of BBA city. This result is alarming since these bacteria can be
easily spread to the environment and then transmitted to human, notably if treatment procedures
of wastewater are not efficient. Thus, our findings call for more precautions regarding the
anarchic use of antibiotics, which led to the establishment and spread of antibiotic resistance.
Raising awareness and establishing strict regulations are crucial. The presence of these
antibiotic resistant bacteria in wastewater requires more sophisticated purification systems.

Finally, we emphasize that wastewater surveillance can be an additional tool for monitoring
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antimicrobial resistance at the population level. New safe biological antimicrobial alternatives

are urgently needed.
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Abstract

Known as the "last resort” in treati Gram-negative bacterial infections,
carbapenems face today antimicrobial resistance (AMR) causing worldwide
concern, including Algeria. The aim of this study is to highlight the general situation
of resistant in Algeria regarding the prevalence. and
genetic characterization, using a review strategy. In February 2024, bibliographic
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from Pubmed database were included. In 2008, a 30-year patient transferred from
Algiers to a French hospital was found to carry multi-drug resistant bacteria after
investigation upon hospital entry. Later. carbapenem resistant Escherichia coli and
Kiebsiella pneumoniae were detected, outlining Algeria’s first report of this type of
germs. The study found 212 CPE strins across 14 cities, with Klebsiella
. cloacae as the dominant specics,
accounting for 61.3%, 23.6%, and 6.1% of isolates, respectively. The remaining 9%
of are from gener including Raoultella. Klebsiella, Cronobacter.
Citrobacter. Proteus, and
‘mec] the carl nemases in CPE are divided into 3 classes; class A B-
lactamases inhibited by clavulanic acid or boronic acid, class B metallo--
lactamases hydrolyzing all B-lactams except azirconam and inhibited by chelating
agents, class but weakly
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Results

The first report of
carbapenem resistant
Escherichia coli and
Klebsiella pneumoniae
in a 30-year patient
transferred from Algiers
to a frensh hospital
(2008).

Prevalance of carbapenemase-

and not inhibited by usual inhibitors. The most clinically common carbapenemases
are OXA carbapencmases (encoded by the blagya s blagxazs blagxss and
blagy, « genes), metallo-B-lactamases (encoded the blaypy. blayge blasps
blayyy. and blagy,). and the class A carbapenemases (encoded by the blayp genc).
In most studies, P-lactamases have been identified. comprising penicillinases,
carbapenemases and extended-spectrum f-lactamases (ESBLs). Colistin is often
recommended as a substitute; however, because it is frequently used in clinical
settings. bacteria resistant o colistin have emerged, notably through horizontal gene
transmission. The spread of these germs in healthcare and community settings poses
a serious challenge.

Keywords
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L. Introduction

Antimicrobial resistance poses a major risk for humanity as it hinders
cffective treatement, which underline the dire nced for newer
antimicrobials or strategies catering to curb the evolution o
resistance.
A specific
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1II. Materials and Methods
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V. Discussion

* The predominance of the two first reported resistant bacteria
Escherichia coli and Klebsiella pneumoniae highlights their capacity
to hold and transfer the responsible genes for resistance.

+ However, many other bacteria arc contributing, thus, the varicty of|
which arc by a very large range of related
bacteria is causing a problematic concern.

* The focalisation of most studics in the northen parts of the country
may lead to mlsjudgmg the genral situation of Antimicrobial
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and the one related to carbapenem resistance.

* It has been mentioned that colistin is the recommended substitute;
however, because it is frequently used in clinical scttings, bacteria
resistant to colistin have emerged, notably through herizontal gene
transmission. The spread of these germs within and between
healthcare facilitics as well as in the community poscs a challenge
which must be faced.
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Abstract

The 1928 discovery of peni was revolutionary. However. by the 1940s,
penicillin resistance emerged. Today, antimicrobial resistance is a critical health
concern. In Algeria, research focuses on Extended-Spectrum f-Lactamases (ESBLs),
n G bacteria. The aim of this study
i 1o provide an overview of the situation of ESBLS in Algerian bospitals. For this
purpose, 26 peer-reviewed research articles published between 2006 and 2023, and
mostly sourced from PubMed database were consulted and included. They deseribe
studies conducted on ESBLs in clinical isolates collected from different Algerian
hospitals in Algiers, Tlemcen, Bejaia, Oran, Tizi-Ouzou, Annaba, Sidi-Bel-Abbes,
Constantine, Boumerdes, Laghouat, Ouargla, and Tebessa. The general scheme of
the sclected studics relied on the identification of Gram-negative bacterial isolates
from hospitals, of their to by the standard
disk diffusion method on Muller-Hinton, detection of ESBLs by double disk synergy
test, and the identification of ESBL genctic determinants using various techniques,
including PCR and sequencing. In broad terms, the results obtained show the
identification of 1477 isolates, with a dominance of the species: Klebsiella

oli, enterica, and cloacae, with

47.12%, 20.51%, 14.42%, and 6.63% of total isolates respectively, while the
ining 11.32% are by species ing to the genera: Serratia,
Proteus, iella, Er ., Ci Kiuyvera,

and Acinetobacter. The phenotypic detection of ESBL-producing strains
demonstrated different levels of multidrug resistance, with susceptibility to
imipenem. At the genetic level, the blacyy vy blaggys and blagy, genes, which are
typically carried by conjugative plasmids and transferred horizontally, are the most
frequent ESBL-encoding genes, with a notable predominance of CTX-M-15 ESBL
type. Our findings reveal that data from Southern hospitals are still scarce, and more
studies should be designed in order to plan a national prevention strategy to limit the
ascent of the antimicrobial resistance.

Keywords

Extended-Spectrum fi-Lactamases (ESBLs); Algeria; CTX-M-15;
Klebsiella

L Introduction

The revolutionary discovery of penicillin marked a milestone in medicine, offering
unprecedented hope in the fight against bacterial infections. However, within a short
span, resistance to this wonder drug began to emerge, foreshadowing the persistent
challenge of antimicrobial resistance (AMR). Today, this issme stands as a critical

IV. Results

Percentage

= Kicbsiclla pncumeniac

® Escherichia coli

= Salmonclla enterica

® Enterobacter cloacae

Other

Figurel: Prevalence of ESBL-producing bacterial isolates
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"| against ESBL-producing bacteria.
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V. Discussion

global concern, with Algeria's scientific actively i L and_Distry The inance.sof - Kitheiclla' pncumaniac ; and
Spectrum B-L (ESBLs), a g i ,—w,,, in coli as ESBL. their in
Gram-negative bacteria. antimicrobial resistance in Algerian hospitals.

ic Resi The observed multi-ds ighlights the challenge

IL. Objective

n.= objective of this study is to offer a comprehensive overview of the prevalence
i (ESBLs) within Algerian

hvspxull settings.

I11. Materials and Methods

26 peer-reviewed rescarch articles published between 2006 and 2023, and mostly
sourced from PubMed database were consulted and included in this bibliographic

Publffed

?(4 Author email: abderraouf.khouchane@

o treating | iifbotions cansed by, BSBI prodising | backesis, emphasteing the
importance of prudent antibiotic use.

Genetic Factors: Identification of ESBL genes and their predominance, particularly
CTX-M-15, suggests a need for genetic

resistance for effective management strategics.

G ical Di Disparities in data y from Southern hospitals
indicate the necessity for broader ical coverage in efforts to
address. i i

VL Conclusion

The findings the urgency of i ing a national pr ion strategy
to mitigate the rising threat of i i in Algerian

settings.
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Abstract:

This study assesses the prevalence of Extended Spectrum [-Lactamase (ESBL)- and
carbapenemase (CRB)-producing Gram-negative bacteria (GNB) from 14 wastewater samples
collected in BBA. Overall, 12 samples (86%) harbored CTXR strains, and 30 CTXR-GNB
strains were recovered, among which 11 (37%) were found to be ESBL-E, and 4 strains
harbored the blacTx-v encoding gene. ESBL-E were identified as: K. pneumoniae (6 strains), E.
coli (4 strains), and Citrobacter freundii (1 strain). Six multi-drug resistant (MDR) strains were
detected among ESBL-E. In addition, 10 samples (71%) contained IMPR strains, and 14 IMPR-
GNB strains were collected, among which 1 (7%) was CRB-GNB and MDR.

Keywords: ESBL-producing Gram-negative bacteria, Carbapenemase-producing Gram-
negative bacteria, Enterobacteriaceae, blactx-m, wastewater, BBA.

Résumé:

Cette étude évalue la prévalence des bactéries a Gram-négatif (BGN) productrices de B-
lactamases a spectre étendu (BLSE) et de carbapénémases (CRB) a partir de 14 échantillons
d'eaux usees collectés dans la ville de BBA. Au total, 12 échantillons (86 %) hébergeaient des
souches CTXR et 30 souches CTXR-BGN ont été collectées, parmi lesquelles 11 (37 %) se sont
révélées BLSE-E et 4 souches hébergeaient le géne codant pour blactx-m. Les BLSE-E ont été
identifiées comme suit : K. pneumoniae (6 souches), E. coli (4 souches) et Citrobacter freundii
(1 souche). Six souches multirésistantes (MR) ont été détectées parmi les BLSE-E. De plus, 10
échantillons (71 %) contenaient des souches IMPR et 14 souches IMPR-GNB ont été collectées,
parmi lesquelles 1 (7 %) était CRB-GNB et MR.

Mots-clés: Bactéries a Gram-négatif productrices de BLSEs, bactéries a Gram-negatif
productrices de carbapenémases, Enterobacteriaceae, blactx-m, €au usée, BBA.
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