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Abstract 

Klebsiella Pneumoniae is a gram-negative bacillus found ubiquitously in nature and colonizing nasopharynx and 
gastrointestinal tract in humans. It has been confirmed as an important cause of urinary tract, respiratory tract and soft 
tissues infections, as well as an important cause of bacteriemia. This bacterium has developed multiple mechanisms of 
resistance to antimicrobials resulting in different phenotypes that can differ slightly or more substantially from one 
geographical location to another. This study analyzes the epidemiological characteristics of KP, and the different 
antimicrobial resistance phenotypes found in the Avicenna Military Hospital of Marrakech, Morocco.  
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1. Introduction

Klebsiella pneumoniae (KP) is a gram-negative bacillus belonging to the Enterobacteriaceae group. It is found 
ubiquitously in the environment and in humans, it can be found as a saprophytical bacteria in the gastrointestinal tract 
and in the nasopharynx [1,2]. Klebsiella pneumoniae was known as an important cause of infection in immunodepressed, 
diabetic and alcoholic patients, but in recent years it has become a cause of severe community-acquired and a major 
cause of nosocomial infections [2]. This bacterium is usually isolated in urinary tract infections, pneumonia, bacteriemia 
and soft tissues infections such as hepatic abscess [1,3], and usually found in urinary samples, hemocultures and 
respiratory tract samples [1,4,5]. A relevant fact concluded is its importance as a carrier of antimicrobial resistance 
between the same species and other gram-negative bacterium species [6]. This fact and the increasing antimicrobial 
resistance that has acquired made it a challenge for the control of the spreading of multiresistant bacterium, and for this 
reason, the management and treatment of infections caused by KP must be done meticulously to prevent further 
spreading and additional acquisition of antimicrobial resistances [3,7].  

This article has two main objectives: to carry an epidemiological study of infections caused by Klebsiella Pneumoniae, 
and the description of antimicrobial resistance phenotypes found in patients with these infections in the Avicenna 
Military Hospital of Marrakech.  

2. Materials and methods

We are facing a retrospective and descriptive study of the epidemiological aspects of infections caused by Klebsiella 
Pneumoniae and characterization of antimicrobial resistance phenotype profiles of this bacterial species. 
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The study has been done in the Laboratory of Bacteriology of the Avicenna Military Hospital of Marrakech and the 
identification and antibiograms have been obtained using the automated system BD Phoenix M50™ .  

The study includes 262 samples obtained from males and females of different ages, from different departments, and 
outpatients of the Avicenna Military Hospital of Marrakech, from January 2022 until March 2025.  

The statistical analysis has been elaborated using Microsoft Excell v 2506.  

This study has been conducted following the Avicenna Military Hospital of Marrakech’s ethical guidelines and directives, 
and in accordance with the Law of Data Protection.  

3. Results 

Klebsiella Pneumoniae has been isolated in different samples from 59% males (n= 154) and 41% females (n= 108).  

Patients whose samples were analyzed came from the following departments: 43% Outpatients (n= 155), 27.1% 
Intensive Care Unit (n= 71), 7.6% Emergency Unit (n= 20), 4.6% Urology department (n= 12), 3.1% Internal Medicine 
department  (n= 8), 2.7% General Surgery department (n= 7), 1.9% Nephrology department (n= 5), 1.9% Clinic 
Hematology department (n= 5), 1.1% Cardiovascular Surgery department (n= 3), and 4.1% from other departments (n= 
11).  

As for the type of samples, 64.9% (n= 170) were urinary samples.19.9% (n= 52) were respiratory samples, from which 
5.3% (n= 14) were sputum, 4.6% (n= 12) were Bronchial Aspiration, 9.5% (n= 25) were Bronchoalveolar Lavage (BAL) 
and 0.4% (n=1) were Protected Specimen Brush (PSB). 4.9% (n= 13) of the samples were Pus of different sources, 2.7% 
(n=7) were catheters, 2.3% (n= 6) were blood cultures and 0.4% (n=2) were other samples. 

The percentages of antimicrobial resistance of KP are shown in the following figure 

 

Figure 1 Percentage of resistance to antimicrobials of KP 

The phenotype profiles found in this study are 37% wild-type strains (n=97), 31.7% ESBL producer strains (n=31.7) 
and 11.5% Carbapenem-resistant strains (n=30). 
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4. Discussion 

The results found in this study show the epidemiological and antimicrobial resistance characteristics of Klebsiella 
Pneumoniae at the Avicenna Military Hospital of Marrakech.  

In our study, KP infections were not just a challenge in immunodepressed and patients with other comorbidities 
anymore, they rather became a cause of community-acquired infections as reflected by the 43% of samples obtained by 
outpatients, coinciding with the conclusion of other studies [9, 10].  

The Intensive Care Unit was the main intra-hospital department where KP was isolated. This can be explained by the 
frequency of findings of this bacterium in respiratory devices such as mechanical ventilation devices as concluded by 
many studies [11, 16, 17] and in urethral catheters [12, 13]. The Emergency Unit followed the ICU as the second intra-
hospital department affected by these infections and this fact can be explained as previously. Urology was the third, and 
the frequent finding of KP coincides with the high frequency of its findings in urine samples, and may be due to the 
proximity of the urinary tract to the main colonization site of this bacterium which is the gastrointestinal mucosa [1, 3], 
entering the urinary tract through the urethra and specially with procedures as urethral catheterization [12, 13] if the 
rules of asepsis are not respected carefully. 

As for the type of samples where KP was isolated, it was found that more than 60% were urinary samples, which 
confirms this site as the most common site of infection by this bacterium, as exposed by Podshun and Ullman [1]. The 
next group was the respiratory tract samples as sputum, bronchial aspiration, BAL and PSB and coincide with other 
studies that confirm the nasopharynx as an important colonization site, in addition to the use of colonized respiratory 
devices that can be a cause of infection by KP. This bacterium has been also found in pus of different tissues and locations 
and is in accordance with conclusions from other studies that establish KP as a common cause of soft tissues infections 
[1, 3]. Finally, blood cultures and catheter samples were not spared. Both types of samples were also found infected by 
KP, which can be explained by the pathogenicity and virulence of this bacterium, being an important cause of 
bacteriemia, and its capacity to produce biofilms in devices such as catheters of different types [14, 15]. 

Klebsiella Pneumoniae is naturally resistant to aminopenicillins, carboxypenicillins and ureidopenicillins, remaining 
sensitive to their combination with beta-lactamase inhibitors such as Clavulanic Acid and Tazobactam [8]. However, it 
was found that half of the isolated strains developed a resistance to these combinations, being the Amoxicillin-
Clavulanic Acid the most affected from resistance acquisition. Piperacillin-Tazobactam was affected as well and remains 
the most “effective” in vitro against KP from the group of Penicillins and inhibitors of beta-lactamases.  

As for the cephalosporines, a third of the strains developed resistance to 3rd generation cephalosporines such as 
Ceftriaxone and Ceftazidime, a lower proportion in comparison with the systematic review and meta-analysis published 
by Masoumeh Beig et al. [7] and can be understood as a difference between strains belonging to different geographical 
locations. The cephalosporines less affected by the acquisition of resistance were Cefoxitine (2nd generation 
cephalosporine) and Cefepime (4th generation), due to unclear mechanisms that must be analyzed in further studies.  

Carbapenems were less affected by the development of resistance. Only 11% of the strains of KP were resistant to 
Imipenem and Ertapenem. The fact that slightly more strains were resistant to this group than to Cefoxitin suggests the 
possibility that the mechanism of resistance may be the production of ESBL that spares this antimicrobial, in addition 
to another mechanism of decreased permeability or efflux for carbapenems and not necessarily the production of 
carbapenemases.  

Klebsiella Pneumoniae strains that were isolated showed a considerable resistance to Aminosides as well as some 
differences between them. Nevertheless, the rate of resistance was found to be lower than expected if we take as 
reference the publication from of Masoumeh Beig et al. [7]. A similar profile of resistance was found for Gentamicin and 
Tobramycin, with around 20% of the strains being resistant. However, Amikacin was the least affected, with a resistance 
of less than 5%.  

Fluroquinolones were found to be very affected by the development of resistance by KP, with almost no difference 
between Ciprofloxacin and Levofloxacin and a rate of resistance of around 40%, a very similar result to the previously 
cited review [7].  

Sulfametozaxol-trimethoprim was also found to be affected by the development of resistance, with around 30% of the 
strains resistant to it and with an unclear mechanism that could be analyzed in further studies with the help of 
biomolecular and gene testing.  
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Colistin is the antimicrobial that wasn’t affected, with none of the strain resistant to it, showing why it is used as the last 
resort for the treatment of multi-resistant KP in Morocco. However, this fact shouldn’t encourage its use 
indiscriminately as it could cause the selection of mutant and resistant strains and their spreading, causing a major 
problem for the treatment and control of multi-resistant strains.  

Finally, it was found in this study that 31.7% of the strains that were isolated were ESBL producers, 11.5% were 
carbapenem-resistant and 37% were wild-type strains. The remaining strains developed casual antimicrobials 
resistance but weren’t categorized in any of the previous profiles. This fact confirms the capacity of acquisition of 
antimicrobial resistance for different groups and through different mechanisms that can be analyzed in further studies.  

5. Conclusion 

Klebsiella Pneumoniae has become a cause of community acquired infections. The hospital departments where KP has 
mostly been isolated are the ICU, Emergency Unit and the Urology department. The most frequent samples where this 
bacterium was isolated were urinary samples, respiratory samples, pus from different sources, blood cultures and 
catheters. The antimicrobial resistance phenotype profiles that were found were: 37% wild-type strains, 31.7% ESBL 
producers’ strains and 11.5% carbapenem-resistant strains. The antimicrobials most affected by the development of 
resistance were Amoxicillin-Clavulanic acid, Piperacillin-Tazobactam, 3rd generation cephalosporines, Fluroquinolones 
and Sulfamethoxazole-trimethoprim. The antimicrobial that was spared by the development of resistance was Colistin 
with none of the strains being resistant to it. Mechanisms of resistance acquisition will be analyzed with biomolecular 
and gene testing in further studies.  
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