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Abstract 

The aim of this study was to determine the resistance of Klebsiella pneumoniae to beta-lactams, fluoroquinolones and 

aminoglycosides in hospitalized patients. From January 2011 to June 2016, 350 Klebsiella pneumoniae were isolated from various 

biological products and identified by standard bacteriological tests. The antibacterial sensitivity was determined by the disk 

diffusion method. The production of expanded-spectrum beta-lactamase was determined by the double-synergistic method. Of the 

350 strains, 91 were producing broad-spectrum beta-lactamase. Resistance levels were 90.1%, 54.9% and greater than 90%, 

respectively, for aztreonam, amoxicillin + clavulanic acid and for third generation cephalosporins. Imipenene and cefoxitin were 

the most active molecules with respectively 1% and 31.8% of the resistant strains. Concerning the classes of antibiotics quinolone 

and aminoside, the isolates had a resistance rate higher than 50% except amikacin (4.4%). The emergence of multiresistant 

Klebsiella pneumoniae is a real public health problem in Cote d’Ivoire. 
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1. Introduction 

The emergence and spread of multiresistant 

Enterobacteriaceae is increasingly common in the public 

health sector. This situation is favored and sustained by the 

mechanisms of resistance to antibiotics through the production 

of broad spectrum beta-lactamases (ESBL) in these 

microorganisms [1]. One of the species commonly implicated 

in hospital infections is Klebsiella pneumoniae. The main 

reservoirs of this species are hospital services, especially 

Intensive Care Units [2], but also in the environment [3]. 

Moreover, it is a ubiquitous microorganism. It has been 

associated with the expansion of nosocomial infections 

leading to prolonged hospitalization, increased morbidity and 

mortality, and consequently high costs of health care [4, 5]. 

Several publications have shown the involvement of this 

bacterium in antibiotic resistance. In Senegal, for example, 

Camara et al., Have confirmed a high prevalence of Klebsiella 

pneumoniae ESBL with high resistance to fluoroquinolones 
[6]. In Côte d'Ivoire, the resistance of bacteria to antibiotics has 

become a real concern for nursing staff and patients, as 

evidenced by several publications [7, 8, 9, 10]. However very little 

data are available on the co-resistance to antibiotics of 

Klebsiella pneumoniae BLSE, hence our interest. The 

objective of this study was to assess the rate of resistance to 

beta-lactams, fluoroquinolones and aminoglycosides in 

Klebsiella pneumoniae ESBL in patients hospitalized from 

January 2011 to June 2016. 

 

2. Material and methods 

2.1 Bacterial Strains 

It is a retrospective study from January 2011 to June 2016. 

The strains were isolated from various biological products 

from patients hospitalized in several health centers in Abidjan. 

Conventional bacteriological tests made it possible to isolate 

and identify the isolates of Klebsielle pneumoniae at the 

Pasteur Institute of Côte d'Ivoire (IPCI). 

 

2.2 Antibiogram 

Sensitivity to antibiotics was determined by the diffusion 

method of discs on agar medium (Müeller-Hinton) according 

to the recommendations of the Antibiogram Committee of the 

French Society of Microbiology [11]. The antibiotics 

commonly used in the treatment of ESBL-producing Gram-

negative bacillus infections were selected. For example, 

imipenem (10 μg), gentamicin (10 μg), amikacin (30 μg), 

ciprofloxacin (5 μg), nalidixic acid (30 μg), norfloxacin (10 

μg), Cefotaxime (30 μg), ceftazidime (30 μg), ceftriaxone (30 

μg), aztreonam (30 μg), cefalotine (30 μg) cefoxitin (30 μg) 

tobramicin Amoxicillin-clavulanic acid (20/10 μg). 

 

2.3 Detection of ESBL production 

The double synergy method was used for the detection of 

Klesbiella pneumoniae ESBL according to Jarlier et al., [12]. 

This consisted in placing the cephalosporin discs of 3rd 

generation (cefotaxime, ceftriaxone and ceftazidime) and 
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aztreonam at 30 mm around a central disc of amoxicillin 

clavulanic acid according to the recommendations of the 

French Committee of Antibiogramme of the French Society 

Of Microbiology [11]. The reference strain E. coli ATCC 

25922 was included during the antibiograms in order to carry 

out the positive control. 

 

2.4 Statistical analysis 

During data processing, the duplicates were eliminated, so a 

patient matched à strain. The calculated resistance rates are 

the cumulation of the intermediate strains and the levels of the 

resistant strains. The data was analyzed by Graph Pad 5 

software. 

 

3. Results  

Of a total of 350 strains of Klebsiella pneumoniae isolated 

from January 2012 to June 2016, 91 were ESBL-producing 

with co-resistance to aminoglycosides and fluoroquinolones. 

The prevalence observed for these ESBL isolates with 

antibiotics was 26%. The distribution of ESBL-producing 

strains according to biological products is shown in Figure 1. 

Of these biologicals, Klebsiella pneumoniae was elevated in 

urine (36.2%), followed by blood (20.8%) and pus 24.2%). 

 

 
 

Fig 1: Distribution of strains of Klebsiella pneumoniae in the various 

pathological products. 
 

The sensitivity of Klebsiella pneumoniae to the antibiotics 

posed is as follows. 

For beta-lactams, the strains tested were all susceptible to 

imipenem (99%) with the exception of one strain. The 

resistance was 31.8% for cefoxitin, 92.3% for ceftazidin and 

cefotaxime, 93.4% for ceftriaxone, 100% for cefalotine, as for 

aztreonam, the level was 90.1% and finally 54.9% for 

amoxicillin + clavulanic acid. 

For Floroquinolones, the rate of resistance to quinolones was 

67% for ciprofloxacin, 50.5% for nalidixic acid and 73.6% for 

norfloxacin. 

For aminoglycosides, the resistance of strains to 

aminoglycosides revealed that only amikacin was the most 

active molecule with only 4.4% resistance. As for tobramicin 

and gentamicin, all strains were resistant to 84.6% and 74.7%, 

respectively. 

Fig. 2 shows the sensitivity to antibiotics of the 91 clinical 

strains of Klebsiella. Pneumoniae to the antibiotics tested. 

 
 

Fig 2: Antibiotic susceptibility of the 91 clinical strains of Klebsiella. 

pneumoniae to the 14 antibiotics tested. 

 

4. Discussion 

Enterobacteriaceae are a group of microorganisms frequently 

isolated from biological products following bacterial 

infections. E. coli and Klebsiella sp constitute the most 

encountered species according to Bao et al., [13] and 

Rangaiahagari et al. [14]. In many studies, isolates were 

predominantly urine. In this study, 36.2% of Klebsiella 

pneumoniae was isolated from urine. This isolation 

predominance in this biological product was reported by 

Hashemi et al., [15] in Iran with 69.3% and Raji et al., [16] with 

64.7% in Nigeria, respectively. However, high rates of 

Klebsiella. pneumoniae ESBL positive blood cultures have 

been described by some authors [17, 18]. This may be due to the 

fact that Klebsiella. pneumoniae septicemia often has a 

urinary tract infection (UTI). The study of the susceptibility of 

Klebsiella pneumoniae to antibiotics revealed a high level of 

resistance for the majority of antibiotics tested. This finding, 

also reported by various studies, is a consequence of the 

selection pressure due to the massive prescription and the 

often abusive use of broad-spectrum antibiotics in both 

hospital and community settings as well as transmission 

Crossing of acquired resistances to plasmid determinism [19, 20, 

21]. Thus the isolates were highly resistant to third-generation 

cephalosporins (C3G). Indeed, more than 90 % resistance was 

observed, contrary to the results obtained by Hashemi which 

reveal a sensitivity of about 75% in 2013 [15]. Self-medication 

and the lack of guidelines for the management of bacterial 

infections would contribute to increasing levels of resistance 

to these antibiotics. The dissemination of bla genes (CTX-M, 

SHV and TEM) from one strain to another by horizontal 

transfer could also be evoked. Resistance to cefoxitin, which 

was 44.4% reported by Guessennd et al. [10], decreased in this 

study (31.8%). Certainly, a rational use of this molecule and a 

lack of production of cephalosporinase according to Bradford 
[22] would justify this rate obtained. Also a low prescription of 

cefoxitin or a membrane impermeability due to the alteration 

of porins [19] could also be one of the reasons. Imipenem and 

amikacin had good activity on enterobacterial strains. These 

results corroborate those reported by Moutachakkir [23] in a 

study on antibiotic resistance in uropathogenic enterobacteria 

in pediatric patients at the Marrakech University Hospital. On 
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the other hand, cases of resistance to Imipenem and amikacin 

have been described in a study by Hashemi et al., Leading to 

increasingly limited therapeutic choices [15]. The latter found 

high resistance levels of 19% for imipenem and 30% for 

amikacin. This study revealed strong resistance to tobramicin 

and ciprofloxacin molecules. Resistance to aminoglycosides 

(aac gene) and quinolones (qnr gene) by horizontal transfer as 

well as the prescription of these molecules in the treatment of 

urinary tract infections would be the causes. The 91 strains of 

Klebsiella pneumoniae produced a broad spectrum beta-

lactamase and were resistant to both the 3 families of 

antibiotics tested (beta-lactams, aminoglycosides and 

quinolones). These results reveal the presence of multi-

resistant bacteria (BMR) in the city of Abidjan. This finding 

has been reported by Dadie et al., [7] and Guessennd et al. [10]. 

Indeed, the existence of multi-resistant strains is the 

consequence of the selection pressure and the cross-

transmission of acquired resistances to plasmid determinism 
[24]. 

The results of this study reflect the worrying increase in the 

frequency of antibiotic resistance in Klebsiella pneumoniae. In 

the face of these results, our hospitals and health centers 

should urgently adopt a number of measures to prevent the 

spread of this multiresistant bacterium. This is achieved 

through the strengthening of hospital hygiene measures, the 

rational prescription of Antibiotics guided by the results of the 

antibiogram, the screening and the technical and geographical 

isolation of the patients carrying a multiresistant bacterium. 

 

5. Conclusion 

This study revealed the presence of multi-resistance isolates 

with regard to the antibiotics tested. It also demonstrated the 

presence of broad spectrum beta-lactamase phenotype at the 

91 strains of Klebsiella pneumoniae. The good sensitivity of 

the strains to the activity of amikacin and imipenem makes 

them, molecules of choice in combinations of antibiotics. The 

fight against bacterial resistance should integrate the 

rationalization of the prescription of antibiotics and strict 

compliance with hygiene measures in our locality. In view of 

these results, molecular characterization is necessary to study 

the different enzymes involved in resistance to these 

antibiotics. 

 

6. Acknowledgements 

We thank the staff of the Bio-Bank of the Institut Pasteur in 

Côte d'Ivoire for their support in collecting strains. This study 

received technical support from the Antibiotics, Natural 

Substances and Resistance Surveillance of Microorganisms to 

Anti-Infectives (ASSURMI) Unit. 

 

7. Competing Interests  

Authors have declared that no competing interests exist. 

 

8. References 

1. Ben Redjeb S, Ben Hassen A, Hammami A, Kechrid A. 

Epidémiologie des résistances bactériennes en Tunisie. 

Résistance aux antibiotiques. Press. Méd, 2000, 1-5. 

2. Melek A, Cigdem K, Durmaz R, Aktas E, Cizmeci Z. 

Analysis of three out break due to Klebsiella species in 

Neonatal intensive care unit. J infec control and hospital 

epidemiology, 2003; 7:495-500. 

3. Kumar AS, Chakraborti P, Joshi P, Chakraborty R. 

multiple antibiotic and serum resistant oligotrophic strain, 

Klebsiella pneumoniae MB45 having novel dfrA30, is 

sensitive to ZnO QDs. Ann. Clin. Microbiol. Antimicrob, 

2011; 10:19. 

4. Paterson DL, Ko W-C, Von Gottberg A, Mohapata S, 

Cassellas JM, Gossens H, Mulazimoglu L et al. 

International prospective study of Klebsiella pneumoniae 

bacteremia: implications of extended-spectrum 

βlactamase productions in nosocomial infections. Ann 

Intern Med, 2004; 140:26-32. 

5. Slama TG, Gram-negative antibiotic resistance: there is a 

price to pay. Crit Care, 2008; 12:S4. 

6. Camara M, Diop-ndiaye H, Ba-diallo A, Karam F, Mbow 

M, Faye A et al. Epidemiologie des souches de klebsiella 

pneumoniae productrices de β-lactamases à spectre élargi 

dans un hopital universitaire au sénégal, Rev. Cames 

Santé, 2011; 1:33-37. 

7. Dadié AT, Guessennd N, Tiekoura B, Faye-Kette H, et 

Dosso M. Résistance aux bêta-lactamines d’Escherichia 

coli d’origine alimentaire et humaine isolés à Abidjan. J. 

Sci. Pharma. Biol, 2003; 4(1):62-69. 

8. Akoua Koffi C, Guessennd N, Gbonon V, Faye Ketté H, 

Dosso M. Methicillin resistance of Staphylococcus in 

Abidjan 1998-2001: A new problem. Medecine et 

maladies infectieuses, 2004; 34(3):132-6. 

9. Gbonon VC, Guessennd KN, Kouassi M’bengue A, 

Kacou N’douba A, N’guessan Kouassi Raymond, Faye 

Kette H et al. Contrôles bactériologiques de 

l’environnement des blocs opératoires dans un pays en 

développement : cas du CHU de Treichville à Abidjan en 

l’an 2000. Revue Bio-Africa, 2007; N°4 :7-11. 

10. Guessennd N, Bremont S, Gbonon V, Kacou-N’Douba A, 

Ekaza E, Lambert T et al. Résistance aux quinolones de 

type qnr chez lez entérobactéries productrices de bêta-

lactamases à spectre élargi à Abidjan en Côte d’Ivoire. 

Pathologie Biologie, 2008; 56:439-446.  

11. Comité de l'antibiogramme de la société Française de 

Microbiologie, http://bacterioweb.univ-fcomte.fr/biblioth 

eque/remic/24-Antib.pdf, 2015. 

12. Jarlier V, Nicola MH, Fournier G, Philippon A. Extended 

broad-spectrum b-lactamases conferring transferable 

resistance to newer b-lactam agents in 

Enterobacteriaceae: hospital prevalence and 

susceptibility patterns. Rev Infect Dis, 1988; 10:867-878. 

13. Bao L, Peng R, Ren X, Ma R, Li J, Wang Y et al. 

Analysis of some common pathogens and their drug 

resistance to antibiotics. Pak. J. Med. Sci. 2013; 

29(1):135-139. 

14. Rangaiahagari A, Uwizeyimana JP, Nyirabanzi J, Ngoga 

E, Wane J. Antibiotic sensitivity patterns of 

Enterobacteriaceae isolated at king Faisal hospital, Kigali 

a three years study. Rwand. Med. J, 2013; 70:11-4. 

15. Hashemi SH, Esna-Ashari F, Tavakoli S, Mamani M. The 

prevalence of antibiotic Resistance of Enterobacteriaceae 

strains isolated in community and Hospital acquired in 

infections in teaching hospital of Hamadan, west of Iran. 

JRHS, 2013; 13(1):75-80. 



International Journal of Advanced Scientific Research 

12 

16. Raji MA, Jamal W, Ojemhen O et Rotimi VO, Point 

surveillance of antibiotic resistance in Enterobacteriaceae 

isolates from patients in a Lagos Teaching Hospital, 

Nigeria. JIPH, 2013; 6(6):431-7. 

17. Rebuck JA, Olsen KM, Fey PD, Langnas AN, Rupp ME. 

Characterization of an outbreak due to extended-spectrum 

betalactamase producing Klebsiella pneumoniae in a 

pediatric intensive care unit transplant population. Clin 

Infect Dis, 2000; 31:1368-72. 

18. Elhani D, Bakir L, Aouni M. Dissémination des souches 

de Klebsiella pneumoniae productrices de β-lactamases à 

spectre étendu dans un centre hospitalo-universitaire 

tunisien. Ann Biol Clin, 2006; 64:237-43. 

19. Ferjani A, Mkaddemi H, Tilouche S, Marzouk M, 

Hannechi N, Boughammoura L et al. Caractéristiques 

épidémiologiques et bactériologiques des bactéries 

uropathogènes isolées dans un milieu pédiatrique. Arch. 

Pediatr., 2011; 18:230-4. 

20. Haller M, Brandis M, Berner R, Antibiotic resistance of 

urinary tract pathogens and rationale for empirical 

intravenoustherapy. Pediatr Nephrol, 2004; 19:982-6. 

21. Launay E, Bingen E, Cohen R et al. Groupe de 

Pathologie Infectieuse Pédiatrique. Stratégies 

thérapeutiques dans les infections urinaires du nourrisson 

et de l’enfant. Arch Pediatr, 2012 ; 19:109-16. 

22. Bradford PA, Extended-spectrum beta-lactamases in the 

21st century: characterization, epidemiology, and 

detection of this important resistance threat, Clin. 

Microbiol. Rev. 2001; 14(4):933-51. 

23. Moutachakkir M, Chinboa M, Elkhoudri N, Sora N. La 

résistance aux antibiotiques chez les entérobactéries 

uropathogènes en milieu pédiatrique au CHU de 

Marrakech, Journal de pédiatrie et de puériculture, 2015; 

28:16-22. 

24. Coudron PE, Hanson ND, Climo MW. Occurrence of 

extended-spectrum and AmpC beta-lactamases in 

bloodstream isolates of Klebsiella pneumoniae: isolates 

harbor plasmid- mediated FOX-5 and ACT-1 AmpC beta-

lactamases. J. Clin. Microbiol. 2003; 41(2):772-7. 


