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Extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli urinary tract infections 
represent a major global health problem, constituting a public health emergency with high patient 
morbidity and mortality. Temocillin serves as an alternative antibiotic for treating these infections and 
conserving carbapenems. A total of 209 isolates of uropathogenic Escherichia coli were collected in the 
Microbiology Laboratory of Niamey General Reference Hospital. The isolates underwent analysis using 
standard bacteriological methods. Identification and antibiotic susceptibility testing of Escherichia coli 
isolates were determined using the VITEK-2 system with the GN and AST-N372 cards. Of these isolates, 
104 were subjected to ESBL testing. ESBL testing was performed with antibiotic discs of 
amoxicillin/clavulanic acid (20/10 µg), ceftazidime (30 µg), aztreonam (30 µg), and cefotaxime (30 µg) on 
Mueller Hinton agar, following the CA-SFM recommendations for 2019. Isolates that did not exhibit an 
ESBL phenotype were further tested on Mueller Hinton agar with cloxacillin for ESBL associated with 
AmpC cephalosporinase. Data were recorded and analyzed using EPI INFO software version 7.2.2.6. 
Microsoft Word and Excel software were utilized for word processing and figure creation. Out of the 209 
Escherichia coli isolates, only 104 exhibited ESBL phenotypes, distributed as follows: 91/104 (43.54%) 
on Mueller Hinton agar and 13/104 (6.22%) on Mueller Hinton agar with cloxacillin, while the remaining 
105 isolates did not produce ESBL (50.24%). The sensitivity of ESBL Escherichia coli isolates to 
temocillin was 62.5%. Temocillin demonstrated good activity against ESBL Escherichia coli isolates. 
However, it is recommended that empirical treatment with temocillin be included in the guidelines, 
making it an alternative antibiotic for conserving carbapenems in the treatment of urinary tract 
infections. Additionally, it can also be used against isolates producing AmpC enzymes. 
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INTRODUCTION 
 

Extended-spectrum beta-lactamase (ESBL)-producing 
Escherichia coli (E. coli) infections are a major global 
health problem, constitute a public health emergency and 
result in high morbidity and mortality in certain patients 
(Akpaka et al., 2021). Resistance to beta-lactams through 
the production of extended-spectrum beta-lactamases 
was first reported in the early 1980s in Europe, then in 
the United States, shortly after the introduction of third-
generation cephalosporins into clinical practice. (Cantón 
et al., 2008a). The frequency of E. coli ESBL is fairly high 
in both hospital and community settings, and their 
incidence varies from one country to another (Cantón et 
al., 2008b; Seydou, 2021; Silago, 2021). Rising levels of 
E. coli ESBL have reduced treatment options to a limited 
number of antibiotics (Pitout, 2010). Extended-spectrum 
beta-lactamases are a group of enzymes that can 
hydrolyze a variety of beta-lactams, including fourth-
generation cephalosporins, and compromise the efficacy 
of all beta-lactams except cephamycins and carbapenems 
(Saravanan et al., 2018). Beta-lactamases are encoded 
by genes that are mainly mediated by plasmids (Jena et 
al., 2017a). ESBL genes are classified into three main 
types. These are the temoneira (TEM) and sulfhydryl 
variable (SHV) enzymes, the Munich cefotaximase (CTX-
M) (Manoharan et al., 2011). TEM (183), SHV (134) and 
CTX-M (103) variants are derived from point mutations in 
their parent genes (Nandagopal et al., 2015). Temocillin 
is a beta-lactamase-resistant penicillin. It is the 6-alpha-
methoxy derivative of ticarcillin, synthesized in the early 
1980s (Habayeb et al., 2015; Kuch et al., 2020; Soubirou 
et al., 2015). This antibiotic is used as an alternative 
treatment for urinary tract infections caused by ESBL-
producing Enterobacteriaceae (Alexandre et al., 2018; 
Lacroix et al., 2021), but also AmpC-type enzymes 
encoded by plasmids (Kresken et al., 2021). Temocillin is 
stable against most beta-lactamases and AmpC 
enzymes, with the exception of metallo-carbapenemases 
(class B metalloenzymes) and OXA enzymes (Sacco et 
al., 2019). Temocillin is approved at doses of 4 to 6 g/day 
(in 2 to 3 divided doses or as a continuous infusion) 
(Heard et al., 2021). First-line temocillin treatment before 
carbapenems prevents the development of carbapenem 
resistance (Lupia et al., 2022). The aim of our study was 
to provide data on the activity of temocillin against E. coli 
ESBL isolates involved in urinary tract infections. 
 
 
MATERIALS AND METHODS 
 

Type, period and site of study  
 
This   was   a   prospective,  descriptive  study  conducted  on  urine  

 
 
 
 
samples from patients received at the Microbiology Laboratory of 
the Niamey General Reference Hospital. Urine samples were 
received from January to December, 2021. 
 
 
Bacteriological analysis 
 
Macroscopic examination 
 
The appearance of the patients' mid-jet urine in the containers was 
assessed macroscopically with the naked eye in a clear space to 
look for any changes in the urine. 
 
 
Microscopic examination 
 
Quantitative white and red cell cytology: White blood cells and 
red blood cells were counted in a KAVA SLIDE cell. To quantify the 
cells, the mid-jet urine was homogenized in the collection vessels, 
then the homogenized urine was introduced into the cell wells and 
deposited for 5 min to immobilize the cells inside the wells, after 
which the cells were counted under the microscope at objective 
X40 following the reading method in Table 1. 
 
Qualitative cytology: To separate the supernatant from the urine 
pellet, patients' urine was placed in hemolysis tubes and 
centrifuged at 3,000 rpm for 5 min. Figurative elements in patients' 
urine pellets were assessed crosswise, following microscopic 
observation of the urine pellet between slides at X 40. These 
included renal epithelial cells (round), vesical cells (racket-shaped), 
squamous or endothelial cells (plated), hyaline, fatty, granular, 
hematic, leukocytic or epithelial cylinders, phosphate, oxalate or 
urate crystals of drug origin. 
 
 
Inoculation of urine samples 
 
Fresh patient urine was systematically inoculated onto CLED and 
Uriselect4 culture media using a 10 µL calibrated plastic loop by the 
streak method, and then incubated in an oven at 37°C for 24 h. 
 
 
Gram staining of bacteria 
 
Gram staining was performed on all bacterial growths obtained after 
24 h incubation in an oven. Smears of the bacterial strains were 
mixed with sterile water in 10 ml ampoules, dried at room 
temperature, then passed over a flame to fix them and placed on 
the staining rac for Gram staining, following the manufacturer's 
recommendations. Gram staining is used to differentiate Gram-
positive bacteria (stained purple) from Gram-negative bacteria 
(stained pink) under an X100 immersion oil microscope. The latter 
are the focus of our study. 
 
 
Enterobacteriaceae identification method on vitek-2  
 
Following isolation of Gram-negative bacilli, enterobacterial isolates 
were identified using the vitek-2 instrument. First, isolates were 
purified on agar media and used for identification. To do this, we 
aspirated 3 ml volumes of saline solution and introduced them into 
each  of  the  numbered  hemolysis  tubes placed in a cassette. The 
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Table 1. Urine cell counting method. 
 

Variable Few cells Numerous cells Large number of cells 

Counting on 9 large squares 1 single large tile 1 single small tile 

Number of cells counted n n n 

Cellular concentration n cells / mL n × 10 cells / mL n × 100 cells / mL 

 
 
 
hemolysis tubes were inoculated with a few colonies of the purified 
isolates, the hemolysis tubes were shaken and mixed until we had 
a bacterial suspension, then this suspension was measured with a 
densitometer to look for an optical density of 0.5 Mac.Farland. Once 
the 0.5 Mac Farland bacterial suspensions had been made, the GN 
vitek cards were inserted into the hemolysis tubes, lab ID numbers 
were assigned to each of the hemolysis tubes containing the 
bacterial suspensions of the isolates to be identified, and patient 
files were created on the vitek-2 for the patients from whom the 
strains had been isolated, with the same lab ID numbers assigned 
to the hemolysis tubes. After completing this step, the cassettes 
were inserted into the first chamber of the instrument to introduce 
the bacterial suspension into the vitek-2 cards, then transferred to 
the second chamber for loading and incubation in the instrument. 
The wells of the ID cards were read after every 15 min to check 
whether or not there was any biochemical reaction between the 
isolates and the substrates contained in the wells and then the 
software integrated into the instrument generated a code through 
the positivity or negativity of the biochemical reactions in the wells 
and finally the software compared the code generated with 
predefined codes that corresponded to bacterial species integrated 
into the CA-SFM/ EUCAST 2019 V2 database software. 
 
 
Method for performing antibiograms of E. coli isolates on 
vitek-2 
 
Once the Enterobacteriaceae had been identified, antibiograms of 
E. coli species were performed on the vitek-2 instrument. Firstly, 
isolates were purified on agar media and used to test the activities 
of temocillin and other antibiotics on the E. coli species identified. 
To do this, we aspirated 3 ml volumes of saline solution and 
introduced them into hemolysis tubes numbered and labelled ID 
and AST for each E. coli isolate and placed in a cassette. The first 
hemolysis tubes of each isolate were inoculated with a few colonies 
of the purified isolates, the hemolysis tubes were shaken and mixed 
until a bacterial suspension was obtained, then this suspension was 
measured with a densitometer to look for an optical density of 0.5 
Mac.Farland. After making bacterial suspensions of 0.5 Mac. 
Farland, 145 µl of each bacterial suspension was transferred into 
the second hemolysis tubes of each AST-labeled isolate. The tubes 
were then shaken and vortexed, the first hemolysis tubes used to 
make the bacterial suspensions were removed, and the AST-N372 
cards were introduced into the AST-labeled hemolysis tubes, lab ID 
numbers were assigned to each of the AST hemolysis tubes 
containing 3 ml saline solution + 145 µl parent bacterial suspension 
of the isolates, and patient files were created on vitek-2 for the 
patients from whom the strains had been isolated, with the same 
lab ID numbers assigned to the hemolysis tubes. After completing 
this step, the cassettes were inserted into the first chamber of the 
instrument to introduce the new bacterial suspension into the AST-
N372 cards, then transferred to the second chamber for loading 
and incubation in the instrument. The wells of the AST-N372 cards 
were read after every 15 min to check whether or not there was 
bacterial growth despite the presence of different concentrations of 
antibiotic containing in the wells of the AST card and then the 
instrument measures the turbidity of the bacterial suspension  every 

15 min and compares the result to the turbidity of a control well 
containing no antibiotic and then the data is transmitted to the 
software integrated into the instrument to categorize the antibiotics 
either Sensitive, Intermediate or Resistant according to MIC with 
CA-SFM/ EUCAST (2019). 

A total of 209 isolates of uropathogenic E. coli were collected at 
the Microbiology Laboratory of the Niamey General Reference 
Hospital. Isolates were analyzed using standard bacteriological 
methods. Identification and antibiotic susceptibility of E. coli isolates 
were determined on the vitek-2 system using the GN and AST-
N372 card (Torres-Sangiao et al., 2022).  

 
 
ESBL phenotype determination 
 
To investigate the ESBL phenotypes of E. coli isolates showing 
resistance to third-generation cephalosporins at antibiotic 
susceptibility testing, we prepared bacterial suspensions with each 
isolate and measured the optical densities of the suspensions to 
bring them to 0.5 Mac. Farland with a densitometer; after 15 min, 
these suspensions were inoculated onto Muller Hinton culture 
media, and after 15 min, the following antibiotic discs were applied 
to the agar media: amoxicillin/clavulanic acid (30 µg), ceftazidime 
(30 µg), ceftriaxone (30µg), aztreonam (30 µg) and cefotaxime (30 
µg), as shown in Figure 1. The distance between two antibiotic 
discs was 3 cm. Media plates were incubated at 37°C in the oven 
for 24 h according to the recommendations of CA-SFM, 2019 (CA-
SFM/EUCAST, 2019) . ESBL phenotypes were read 
macroscopically by observing one or more synergistic images that 
appeared as champagne corks between the antibiotic discs.  E. coli 
isolates that did not express ESBL phenotypes were subjected to a 
complementary test on Mueller Hinton medium supplemented with 
cloxacillin, to look for ESBL production associated with an AmpC 
cephalosporinase, following the same steps as above. (Figure 1) 
(Tiemtoré et al., 2019).  

 
 
Antibiotic susceptibility testing of E. coli ESBL 
 

The minimum inhibitory concentrations (MICs) of temocillin and 7 
other antibiotics were studied on Vitek-2: amoxicillin/clavulanic acid, 
piperacillin/tazobactam, ceftazidime, ceftriaxone, cefixime, 
ertapenem and imipenem. 

 
 
Data analysis 

 
Data were recorded using EPI INFO software version 7.2.2.6. 
Statistical analyses were carried out using EPI INFO. A p value of ˂ 
0.05 was considered statistically significant. Word and Excel 
software were used for text processing and figure preparation. 

 
 
Ethics 

 
Written informed consent  was obtained from all patients prior to the  
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Figure 1. Disposition of antibiotic discs for synergy 
testing. 
Source: Tiemtoré et al. (2019). 

 
 
 

 
 

Figure 2. Susceptibility (%) of E. coli ESBL to various antibiotics.AMC = 
Amoxicillin/clavulanic acid, PTZ = Piperacillin/tazobactam, CAZ = Ceftazidime, CRO = 
Ceftriaxone, CFM = Cefixime, ETP = Ertapenem, IPM = Imipenem, TEM = Temocillin. 

 
 
 
study. To protect patient anonymity, numbers were assigned to all 
patient samples. Written authorization was obtained from the 
authorities of the General Reference Hospital (Reference Code: 
000744/DG/HGR/DA/S/SER) for the conduct of this study. 
 
 
RESULTS 
 
During the study period, two hundred and nine (209) E. 
coli were isolated. Of the 209 E. coli isolates, only 104 
were tested for ESBL, 91 isolates produced ESBL on 
Muller Hinton medium without additives with a prevalence 
of  43.54%,   13   isolates   expressed   ESBL   on  Muller 

Hinton/cloxacillin medium with a prevalence of 6.22%, 
and the remaining 105 isolates were ESBL-negative 
(50.24%) (Table 2). The sensitivity of E. coli ESBL 
isolates to temocillin was 62.5%. Susceptibility to 
carbapenems was 97.12%, followed by 
piperacillin/tazobactam 53.85%, amoxicillin/clavulanic 
acid 14.42% and 3rd-generation cephalosporin 0.96% 
(Figure 2). 
 
 

DISCUSSION  
 

The   number   of    infections   due   to  ESBL   E.  coli  is  
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Table 2. Prevalence of ESBL phenotype in E. coli isolates. 
 

Variable ESBL positive ESBL negative 

MH without additive MH + cloxacillin 

Number of isolates 91 13 105 

Prevalence (%) 43.54 6.22 50.24 

 
 
 
 
increasing, especially in African countries (Manyahi et al., 
2014). In our study, 104 out of 209 E. coli isolates 
expressed ESBL, that is a prevalence of 49.72%. This 
result was superior to that reported by Alio et al. (2017) in 
a phenotypic detection study of extended-spectrum beta-
lactamase in multidrug-resistant E. coli from clinical 
isolates in Niger. This shows that there is a worldwide 
increase in E. coli BLSE (Bevan et al., 2017). The spread 
of E. coli ESBL isolates reduces treatment preferences 
(Jena et al., 2017b). The sensitivity of E. coli ESBL 
isolates to temocillin was 62.5%. Urinary elimination of 
temocillin enhances its activity on ESBL E. coli isolates, 
according to a study by Vallee et al. (2017).  Temocillin 
maintains a favorable profile on intestinal microbiota, with 
a low rate of Clostridium difficile infection (Lupia et al., 
2022). Authors in various countries around the world, 
such as Belgium in 2006, have reported a prevalence of 
sensitivity of 92% (Rodriguez-Villalobos et al., 2006), 
prevalence in England was 86% in 2011 (Balakrishnan et 
al., 2011) and in France the prevalence was 71.3% in 
2019 (Duployez et al., 2019). These rates showed that 
sensitivity to temocillin had decreased in different parts of 
the world. Susceptibility to carbapenems was 97.12%. 
This explains why carbapenems have been considered 
antibiotics of last resort against ESBL-producing 
Enterobacteriaceae (Lepeule et al., 2014). The 
prevalence of susceptibility to 3rd-generation 
cephalosporins was 0.96%. Extended-spectrum beta-
lactamases have been recognized for their ability to 
hydrolyze 3rd and 4th generation cephalosporins (Rupp 
and Fey, 2003). 

 
 
Conclusion 
 
Temocillin has shown good activity against E. coli ESBL 
isolates. However, empirical treatment with temocillin 
should be included in the guidelines. It is therefore an 
alternative carbapenem-sparing antibiotic for the 
treatment of urinary tract infections caused by E. coli 
ESBL isolates, and can also be used against isolates 
producing AmpC enzymes. 

 
 
CONFLICT OF INTERESTS 
 
The  authors  have not  declared  any conflict of interests. 

ACKNOWLEDGMENTS 
 
The authors appreciate the authorities of the General 
Reference Hospital of Niamey and the biology 
technicians for their assistance with reagents and their 
technical support. They are also grateful to the University 
Joseph KI ZERBO of Ouagadougou for its support and 
technical advice. 
 
 
REFERENCES  
 

Akpaka PE, Vaillant A, Wilson C, Jayaratne P (2021). Extended 
Spectrum Beta-Lactamase (ESBL) Produced by Gram-Negative 
Bacteria in Trinidad and Tobago. International Journal of Microbiology 
23:5582755. doi: 10.1155/2021/5582755.  

Alexandre K, Réveillon-Istin M, Fabre R, Delbos V, Etienne M, Pestel-
Caron M, Dahyot S, Caron F (2018). Temocillin against 
Enterobacteriaceae isolates from community-acquired urinary tract 
infections : Low rate of resistance and good accuracy of routine 
susceptibility testing methods. Journal of Antimicrobial Chemotherapy 

73(7):1848‑1853. 
Alio MF, Laouali B, Ali M, Hadiza IB, Ali K, Chaibou Y, Cheikna Z, 

Chaibou S, Alhousseini D, Ramatou S (2017). Phenotypic detection 
of extended spectrum beta-lactamase in multidrug-resistant 
Escherichia coli from clinical isolates in Niamey, Niger. African 

Journal of Microbiology Research 11(18):712‑717. 
Balakrishnan I, Awad-El-Kariem FM, Aali A, Kumari P, Mulla R, Tan B, 

Brudney D, Ladenheim D, Ghazy A, Khan I, Virgincar N, Iyer S, 
Carryn S, Van De Velde S (2011). Temocillin use in England : Clinical 
and microbiological efficacies in infections caused by extended-
spectrum and/or derepressed AmpC β-lactamase-producing 
Enterobacteriaceae. Journal of Antimicrobial Chemotherapy 

66(11):2628‑2631. 
Bevan ER, Jones AM, Hawkey PM (2017). Global epidemiology of CTX-

M β-lactamases:Temporal and geographical shifts in genotype. 

Journal of Antimicrobial Chemotherapy 72(8):2145‑2155. 
Cantón R, Novais A, Valverde A, Machado E, Peixe L, Baquero F, 

Coque TM (2008a). Prevalence and spread of extended-spectrum β-
lactamase-producing Enterobacteriaceae in Europe. Clinical 

Microbiology and Infection 14:144‑153. 
Cantón R, Novais A, Valverde A, Machado E, Peixe L, Baquero F, 

Coque TM (2008b). Prevalence and spread of extended‐spectrum β‐
lactamase‐producing Enterobacteriaceae in Europe. Clinical 

Microbiology and infection 14:144‑153. 
CA-SFM/EUCAST (2019). Https://www.bing.com/search?q=CA-

SFM+%2F+EUCAST+2019&cvid=876c1b1bccb044a2adb894132c95
eac7&aqs=edge..69i57j69i60.4058j0j1&pglt=43&FORM=ANNTA1&P
C=U531. (s. d.). 

Duployez C, Loïez C, Cattoen C, Wallet F, Vachée A (2019). In vitro 
activity of temocillin against extended-spectrum beta-lactamase-
producing Escherichia coli and Klebsiella pneumoniae strains 
isolated from urinary tract infections in France. Médecine et Maladies 

Infectieuses 49(1): 47‑53. 
Habayeb H, Sajin B, Patel K, Grundy C, Al-Dujaili A, Van de Velde S 

(2015). Amoxicillin plus temocillin as an alternative empiric therapy 
for the treatment of severe hospital-acquired pneumonia : Results  



268          Afr. J. Microbiol. Res. 
 
 
 

from a retrospective audit. European Journal of Clinical Microbiology 

& Infectious Diseases 34:1693‑1699. 
Heard KL, Killington K, Mughal N, Moore LSP, Hughes S (2021). 

Clinical outcomes of temocillin use for invasive Enterobacterales 
infections : A single-centre retrospective analysis. JAC-Antimicrobial 
Resistance 3(1): dlab005.  

Jena J, Sahoo RK, Debata NK, Subudhi E (2017a). Prevalence of TEM, 
SHV, and CTX-M genes of extended-spectrum β-lactamase-
producing Escherichia coli strains isolated from urinary tract 

infections in adults. Biotech 7(3):1‑7. 
Jena J, Sahoo RK, Debata NK, Subudhi E (2017b). Prevalence of TEM, 

SHV, and CTX-M genes of extended-spectrum β-lactamase-
producing Escherichia coli strains isolated from urinary tract 

infections in adults. Biotech 7(3):1‑7. 
Kresken M, Pfeifer Y, Werner G (2021). Comparative in vitro activity of 

piperacillin-tazobactam and temocillin against third-generation 
cephalosporin-resistant, carbapenem-susceptible Escherichia coli 
and Klebsiella pneumoniae. GMS Infectious Diseases 9: Doc08. 
Available at: https://doi.org/10.3205/id000077 

Kuch A, Zieniuk B, Żabicka D, Van de Velde S, Literacka E, 
Skoczyńska A, Hryniewicz W (2020). Activity of temocillin against 
ESBL-, AmpC-, and/or KPC-producing Enterobacterales isolated in 
Poland. European Journal of Clinical Microbiology and Infectious 

Diseases 39(6):1185‑1191. 
Lacroix  M,  Zahar  JR,  Carbonnelle  E,  Jaureguy  F  (2021).  Pourquoi 

réserver la témocilline comme alternative en cas d’infection urinaire à  
    BLSE ? Infectious Diseases Now 51(5):S45. Available at: 

https://doi.org/10.1016/j.idnow.2021.06.095 
Lepeule R, Leflon-Guibout V, Vanjak D, Zahar JR., Lafaurie M, Besson 

C, Lefort A (2014). Clinical spectrum of urine cultures positive for 
ESBL-producing Escherichia coli in hospitalized patients and impact 
on antibiotic use. Médecine et Maladies Infectieuses 

44(11‑12):530‑ 534. 
Lupia T, De Benedetto I, Stroffolini G, Di Bella S, Mornese Pinna S, 

Zerbato V, Rizzello B, Bosio R, Shbaklo N, Corcione S (2022). 
Temocillin : Applications in antimicrobial stewardship as a potential 
carbapenem-sparing antibiotic. Antibiotics 11(4):493. 

Manoharan A, Premalatha K, Chatterjee S, Mathai D (2011). Correlation 
of TEM, SHV and CTX-M extended-spectrum beta lactamases 
among Enterobacteriaceae with their in vitro antimicrobial 

susceptibility. Indian Journal of Medical Microbiology 29(2):161‑164.  
Manyahi J, Matee MI, Majigo M, Moyo S, Mshana SE, Lyamuya EF 

(2014). Predominance of multi-drug resistant bacterial pathogens 
causing surgical site infections in Muhimbili National Hospital, 

Tanzania. BMC Research Notes 7(1):1‑7. 
Nandagopal B, Sankar S, Sagadevan K, Arumugam H, Jesudason M, 

Aswathaman K, Nair A (2015). Frequency of extended spectrum β-
lactamase producing urinary isolates of Gram-negative bacilli among 
patients seen in a multispecialty hospital in Vellore district, India. 

Indian Journal of Medical Microbiology 33(2):282‑285. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Pitout JD (2010). Infections with extended-spectrum β-lactamase-

producing Enterobacteriaceae : Changing epidemiology and drug 

treatment choices. Drugs 70:313‑333. 
Rodriguez-Villalobos H, Malaviolle V, Frankard J, Mendonça RD, 

Nonhoff C, Struelens MJ (2006). In vitro activity of temocillin against 
extended spectrum β-lactamase-producing Escherichia coli. Journal 

of Antimicrobial Chemotherapy 57(4):771‑774.  
Rupp ME, Fey PD (2003). Extended spectrum β-lactamase (ESBL)-

producing Enterobacteriaceae : Considerations for diagnosis, 

prevention and drug treatment. Drugs 63:353‑365. 
Sacco MD, Kroeck KG, Kemp MT, Zhang X, Andrews LD, Chen Y 

(2019). Influence of the α-Methoxy Group on the Reaction of 
Temocillin with Pseudomonas Aeruginosa PBP3 and CTX-M-14 β-

Lactamase. Antimicrobial Agents and Chemotherapy 64(1):10‑1128. 
Saravanan M, Ramachandran B, Barabadi H (2018). The prevalence 

and drug resistance pattern of extended spectrum β–lactamases 
(ESBLs) producing Enterobacteriaceae in Africa. Microbial 

Pathogenesis 114:180‑192.  
Seydou S (2021). Profil épidémiologique et bactériologique des 

infections urinaires à entérobactéries productrices de bêtalactamases 
à spectre élargi (E-BLSE) dans le service de néphrologie du CHU du 
Point G, Bamako, Mali. Revue Africaine et Malgache de Recherche 
Scientifique/Sciences de la Santé 2(2). 

Silago V (2021). Beta-lactam antibiotics and extended spectrum beta-

lactamases. GSC Advanced Research and Reviews 9(2):15‑24. 
Soubirou J, Rossi B, Couffignal C, Ruppé E, Chau F, Massias L, 

Lepeule R, Mentre F, Fantin B (2015). Activity of temocillin in a 
murine model of urinary tract infection due to Escherichia coli 
producing or not producing the ESBL CTX-M-15. Journal of 

Antimicrobial Chemotherapy 70(5):1466‑1472. 
Tiemtoré RY, Mètuor-Dabiré A, Zohoncon TM, Bangré YA, Sougue S, 

Zongo J, Simpore J (2019). First Detection of PE-Type Extended-
Spectrum β-lactamases at Saint Camille Hospital Center of 
Ouagadougou, Burkina Faso. International Journal of Biochemistry, 
Biophysics and Molecular Biology 4(7). 

Torres-Sangiao E, Lamas Rodriguez B, Cea Pájaro M, Carracedo 
Montero R, Parajó Pazos N, García-Riestra C (2022). Direct Urine 
Resistance Detection Using VITEK 2. Antibiotics (Basel, Switzerland) 
11(5):663.  

Vallee M, Bruyère F, Roblot F, Brureau L (2017). [Temocillin and urinary 
tract infections]. Progres En Urologie: Journal De l’Association 
Francaise D’urologie Et De La Societe Francaise D’urologie 

27(12):609‑617.  
 

 


