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Abstract 
Background: ESBL-producing strains of Klebsiella pneumoniae, one of the 
main causes of nosocomial and hospital-acquired infections, are commonly 
associated with therapeutic impasses. Surveillance of these multidrug-re-
sistant pathogens is a crucial tool for controlling and preventing infections. 
This surveillance involves the use of appropriate molecular and phenotypic 
typing techniques. The choice of techniques is based on criteria such as dis-
criminatory power, intra- and inter-laboratory reproducibility, epidemiologi-
cal concordance, ease of use and cost. The aim of our study was to identify 
clusters of Extended-Spectrum Beta-Lactamase-producing Klebsiella pneu-
moniae (ESBL-K. pneumoniae) strains circulating in neonatology using quan-
titative antibiogram (QA) and Pulsed Field Gel Electrophoresis (PFGE). Ma-
terials and Methods: This cross-sectional study included 55 K. pneumoniae 
strains isolated from a total of 513 samples. These various samples are taken 
from newborns, healthcare personnel, and the environment. K. pneumoniae 
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identification followed standard bacteriological procedures and was con-
firmed using the Vitek® 2 (bioMérieux). The detection of the ESBL phenotype 
was performed using the synergy test. QA and PFGE were used to identify 
clonal relationships between the various strains isolated. Concordance be-
tween these two methods was assessed by calculating Cohen’s KAPPA coeffi-
cient and Simpson’s diversity index. Results: Among the 55 K. pneumoniae 
strains included in this study, 58.2% (32/55) were found to be Extended-Spec-
trum Beta-Lactamase (ESBL) producers. Most of these strains were isolated 
from neonatal samples (blood samples and rectal swabs). The quantitative an-
tibiogram method applied to 28 out of the 32 ESBL-producing strains revealed 
that the isolates were grouped into 5 clusters. Pulsed Field Gel Electrophoresis 
performed on a total of 16 ESBL-producing strains showed the existence of 
four profiles. A perfect concordance was observed between the two methods. 
Conclusion: The results of this study highlighted the existence of clonal 
strains of various origins within neonatology units. 
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1. Introduction 

In 2017, the World Health Organization (WHO) classified Extended-Spectrum 
Beta-Lactamase-producing Enterobacteriaceae (ESBL-E) as priority pathogens, ur-
gently requiring new antibiotics (WHO, 2017) [1]. Among these ESBL-E, Klebsiella 
pneumoniae (K. pneumoniae) takes a prominent position, being implicated in 
nosocomial and community-acquired infections (Tufa et al., 2022 [2]; Tang et al., 
2023 [3]; Oliveira et al., 2022) [4]. Like other ESBL-producing Enterobacteriaceae, 
ESBL-producing Klebsiella pneumoniae (Kpn-ESBL) strains exhibit increased re-
sistance to the majority of beta-lactams, fluoroquinolones, and aminoglycosides 
reducing the therapeutic options and even leading to therapeutic impasses. In 
high-risk hospital units such as neonatology, ESBL-producing K. pneumoniae 
strains often cause outbreaks, posing a threat to the survival of hospitalized new-
borns (Melati et al., 2022 [5]; Pillay et al., 2021) [6]. 

The prevalence of ESBL-producing K. pneumoniae strains varies significantly 
from one region to another. In Africa, studies conducted particularly in Ghana in 
2023 and Kenya in 2021 reported respective rates of 9.5% and 95% of ESBL-pro-
ducing K. pneumoniae strains in diverse infections (Saïdou et al., 2023 [7]; Mi-
chodigni et al., 2021) [8]. In Côte d’Ivoire, according to data from the National 
Reference Center for antibiotics (CNR-ATB), the rate of ESBL production in hu-
man-origin K. pneumoniae was 35.16% in 2021 (PAN-RAM, 2021) [9]. 

Surveillance of these pathogens is a crucial tool for controlling and preventing 
infections, requiring the use of molecular and phenotypic typing methods. The 
choice of methods is a fundamental aspect of this surveillance (Simar et al., 2021) 
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[10], often based on criteria such as discriminatory power, intra- and inter-labor-
atory reproducibility, epidemiological concordance, ease of use, and cost (Van 
Belkum et al., 2007) [11]. 

The antibiogram is one of the phenotypic techniques traditionally used to test 
a bacterium’s sensitivity to a selected panel of antibiotics. However, due to the 
lengthy execution time and high cost of reagents in common molecular tech-
niques, a quantitative antibiogram (an approach based on calculating Euclidean 
distances from the diameters of inhibition zones for several antibiotics between 
pairs of strains) has been implemented. This tool has proven effective in success-
fully determining epidemiological clusters and controlling hospital epidemics. It 
also shows concordance with techniques such as Pulsed Field Gel Electrophoresis, 
MLST, and RAPD (Sloos et al., 1998 [12]; Moore et Goldsmith, 2001 [13]; Bendary 
et al., 2016 [14]; Jain et al., 2018 [15]; Morin-Le Bihan et al., 2023) [16]. 

The objective of our study was to identify clusters of ESBL-producing K. pneu-
moniae strains circulating in neonatology using quantitative antibiogram (QA) 
and Pulsed Field Gel Electrophoresis (PFGE). 

2. Materials and Methods 

Study Period, Type, and Site 
From September 2020 to June 2021, a cross-sectional study was conducted in 

the Neonatology units of the Pediatric Services at the University Hospitals of 
Abidjan (Treichville (CHU-T), Cocody (CHU-C)) and at the Pasteur Institute of 
Côte d’Ivoire (IPCI). 

Sampling 
A total of 55 strains of K. pneumoniae isolated from a total of 513 samples were 

included in this study. These various specimens consisted of 150 blood samples 
for blood culture, 125 rectal swabs in newborns; 26 nasal swabs and 26 hand swabs 
from healthcare personnel; and 186 environmental swabs (medical equipment, 
inert surfaces).  

In newborns, blood samples for blood culture were taken from newborns with 
suspected infections by venipuncture or heel stick. These newborns were then 
subjected to rectal swabbing by inserting a swab previously moistened with sterile 
physiological water into the rectum. In healthcare personnel with written consent, 
the fingers, palms and nasal walls were swabbed using a swab previously mois-
tened with sterile physiological water. In the environment, square portions of 10 
× 10 cm2 of flat, dry surfaces such as tables, workbenches, the inner and outer 
walls of incubators and bed covers were swabbed using perpendicular and parallel 
striations. Other environmental components (taps, door handles, oxygen masks 
and probes, blood pressure cuffs and aspirators) were swabbed by friction. All 
these samples were collected using swabs moistened with sterile physiological wa-
ter. 

Methods 
Bacterial Identification and Detection of ESBL Production 
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Identification of K. pneumoniae strains followed classical bacteriological pro-
cedures and was confirmed using the Vitek® 2 system (bioMérieux). The method 
of detection of ESBL production consisted of the use of the synergy between two 
discs on the standard antibiogram, i.e. a disc of cefotaxime, ceftazidime and a 
disc containing clavulanic acid (e.g., amoxillin/clavulanic acid: AMC) 30 mm 
apart from the cephalosporin discs on Mueller-Hinton agar. The presence of an 
ESBL is expressed by the appearance of a “champagne cork” synergy between 
the disc containing clavulanic acid and the cephalosporin (CASFM/EUCAST). 

Clusters Analysis of K. pneumoniae Using Quantitative Antibiogram 
The quantitative antibiogram (QA) was conducted in two steps, involving Prin-

cipal Component Analysis (PCA) and Hierarchical Agglomerative Clustering 
(HAC) using R software. Euclidean distances were calculated from the diameters 
of inhibition zones for a panel of 15 antibiotics (amikacin, amoxicillin/clavulanic 
acid, aztreonam, cefotaxime, cefoxitin, ceftazidime, ceftriaxone, chloramphenicol, 
ciprofloxacin, gentamicin, imipenem, levofloxacin, meropenem, nalidixic acid, 
and trimethoprim/sulfamethoxazole) for K. pneumoniae strains. Smaller Euclid-
ean distances indicate the resemblance between strains while greater distances the 
dissimilarity between them. The Ward method was applied to the distance matrix 
to generate dendrograms. 

Pulsed Field Gel Electrophoresis (PFGE) 
Pulsed Field Gel Electrophoresis was performed following the PulseNet Proto-

col, 2017 (CDC, 2017) [17]. Bacterial suspensions were prepared from a suspen-
sion buffer (100 ml 1M Tris, pH 8, 200 ml 0.5M EDTA, pH 8, and 1000 ml ul-
trapure water). A volume of 400 µl of bacterial suspension was mixed with 20 µl 
proteinase K and 400 µl 1% low-melting-point agarose LFTM/PFGE, previously 
melted. The mixture was poured into mold wells, forming plugs that were sub-
merged in a cell lysis buffer (50 ml 1 M Tris, pH 8, 100 ml 0.5 M EDTA, pH 8, 100 
ml 10% N-lauroylsarcosine, sodium salt, and 1000 ml ultrapure water) and incu-
bated for 1 hour and 30 minutes at 54˚C. 

The agarose blocks were then subjected to two successive washes with ultrapure 
water and four washes with TE buffer (10 ml 1 M Tris, pH 8, 2 ml 0.5M EDTA, 
pH 8, and 1000 ml ultrapure water). Each plug was cut into two equal-length 
slices, subsequently digested with Xba I restriction enzyme (10 U/ml) (Promega 
Corporation). The slices were loaded into a 1% low-melting-point agarose 
LFTM/PFGE gel and migrated for 15 hours in the CHEF Dr III system (BIORAD) 
with a tank filled with 2.2 L of 0.5X TBE. The migration conditions included an 
initial pulse time of 2.2 s, a final pulse time of 54.2 s, a voltage of 6 V/cm, and an 
included angle of 120˚. 

After migration, the gel was stained in a mixture of 400 ml ultrapure water and 
40 µl Syber Safe 10,000 X for 30 minutes, then destained in 500 ml ultrapure water 
for 20 minutes. Gel images were captured using the Gel Doc EZ Imager system 
(BIORAD). Interpretation followed the criteria established by Tenover et al., 1995 
[18]. 
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Statistical Methods 
Concordance Test 
The concordance between the two techniques was assessed using the calculation 

of Cohen’s Kappa coefficient (K). The interpretation of Kappa values was as fol-
lows: 

- <0: No concordance 
- 0 - 0.20: Slight concordance 
- 0.21 - 0.40: Possible concordance 
- 0.41 - 0.60: Moderate concordance 
- 0.61 - 0.80: Significant concordance 
- ≥0.81: Perfect concordance 
Simpson’s Diversity Index 
The discriminative power of the two methods was evaluated by calculating the 

Simpson’s Diversity Index (D). A higher value of D indicates greater discrimina-
tive power, with values closer to 1. 

Ethical Considerations 
This study obtained approval from the National Committee of Ethics in Life 

and Health Sciences (CNESVS) under the reference IRB000111917. For hand and 
nasal swabs, all participants provided written consent. Regarding newborns, the 
collected samples adhered to ethical guidelines, ensuring informed consent was 
obtained. 

General Results 
Among the different strains of K. pneumoniae, 32.7% (18/55) and 29.1% 

(16/55) were respectively isolated from rectal swabs and blood samples in new-
borns (Table 1). The presence of synergy between AMC and one of the G3C disks 
(indicating ESBL production) was observed in 58.2%, or 32/55 of the strains, with 
87.5% (28/32) from CHU-C and 12.5% (4/28) from CHU-T. The highest preva-
lences were observed in clinical strains (28.1%) and rectal carriage strains (46.9%) 
in neonates (Table 2). 

 
Table 1. Distribution of K. pneumoniae strains by type of sample. 

Types 
of 

samples 

Newborns 
Healthcare 
personnel 

Environment Total 

Blood 
samples 

Rectal 
swabs 

Hand 
swabs 

Nasal 
swabs 

Swabs  

n (%) 
16 

(29.1%) 
18 

(32.7%) 
4 (7.3%) 8 (14.5%) 9 (16.4%) 

55 
(100%) 

 
Table 2. Distribution of ESBL-producing K. pneumoniae strains by type of sample. 

Types of 
samples 

Newborns 
Healthcare 
personnel 

Environment Total 

Blood 
samples 

Rectal 
swabs 

Hands 
swabs 

Nasal 
swabs 

Swabs  

n (%) 
9 

(28.1%) 
15 

(46.9%) 
1 (3.1%) 2 (6.3%) 5 (15.6%) 

32 
(100%) 
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Quantitative Antibiogram 
All strains of ESBL-producing K. pneumoniae (ESBL-K. pneumoniae strains) 

were selected for quantitative antibiogram analysis. However, due to limitations 
in the software used, only strains from the neonatology unit of CHU-C could be 
discriminated. The results revealed the existence of five clusters during the study 
period (Figure 1). 

 

 
Figure 1. Dendrogram representing similarities among ESBL-producing K. pneumoniae 
strains from the Cocody University Hospital Center. 

 
Kpn C1, Kpn C2, KpnC3, …Kpn C28: K. pneumoniae strains isolated. 
C1, C2, C3, C4, and C5: Different QA clusters obtained. 
Phenotypic and Epidemiological Characteristics of Clusters Generated by 

Quantitative Antibiogram (QA) 
Cluster 1 was significantly associated with high inhibition diameters for amox-

icillin/clavulanic acid and low for levofloxacin (p < 0.05). The cluster comprised 
four clinical strains responsible for neonatal sepsis and eight strains isolated from 
newborn rectal swabs, nasal swabs and environmental colonization, and collected 
during the period from February 08 to June 1, 2021. The presence of the cluster 
was observed in all functional subunits (premature newborn ward, full-term new-
born ward and intensive care unit). 

Cluster 2 was characterized by strains with high inhibition diameters for 
levofloxacin, imipenem and nalidixic acid (p < 0.05). Within it were grouped two 
clinical strains and seven strains from rectal swabs and healthcare equipment col-
onization isolated between January 25 and June 03, 2021. The cluster’s presence 
was reported in the various functional subunits. 

Cluster 3 comprised four strains, three of which were responsible for neonatal 
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septicemia and one for swabbing healthcare equipment (oxygen mask from a neo-
nate). Characterized mainly by high inhibition diameters for trimethroprime/sulfa-
methoxazole and low for imipenem (p < 0.05), the strains were isolated between 
January 28 and June 08, 2021. In contrast to clusters 1 and 2, cluster 3 was detected 
only in premature infant wards. 

Cluster 4 comprised two clinical strains, all of which caused neonatal septicemia 
and were collected one day apart (January 25 and 26, 2021). The isolates were 
significantly associated with high inhibition diameters for gentamycin, cefotaxime 
and meropenem, and low for amikacin (p < 0.05). This cluster was reported in the 
intensive care unit and in the inpatient ward of full-term newborns. 

Cluster 5 comprised a single strain of manuported origin. It was characterized 
by relatively high inhibition diameters for penicillins (p < 0.05). 

The epidemiological characteristics of the various clusters are shown in Table 
3. 

Pulsed-field electrophoresis (PFGE) Typing 
Pulsed-field electrophoresis was applied to 16 of the 32 ESBL-K. pneumoniae 

strains selected. Of these isolates, nine strains from CHU-C and three from CHU-
T were correctly typed. Strains from CHU-C showed three profiles (A1, A2 and 
B2), as did those from CHU-T, where three genotypes (A1, A2 and B1) were iden-
tified, making a total of four profiles (A1, A2, B1 and B2). The number of bands 
present on these profiles ranged from 11 to 17 (Figure 2).   

Over the majority of strains (66.7%; 8/12) had the 16-band profile (profile 
A1), with an almost exclusive presence at CHU-C. These strains were isolated 
from rectal swabs (50%; 4/8) and blood samples (25%; 2/8) from neonates. This 
profile was also identified in a nasal carriage strain from a member of the 
healthcare personnel, and in a strain isolated from healthcare equipment (oxy-
gen mask). The first strain in this cluster (KPnT3) was isolated from a premature 
neonate born in a peripheral health center and admitted to CHU-T on the day 
of his birth, with samples taken on day 2 of hospitalization in September 2020. 
The last strains KPn C28 and KPn C17 isolated respectively from oxygen mask 
swabs and rectal swabs in another premature newborn, admitted on the first day 
of hospitalization in May 2021 at CHU-C, exhibited the same clone as the pre-
viously described neonate. These findings highlight the presence of a hospital 
clone characterized by ubiquity, inter-hospital distribution, and persistence 
over time. 

A profile of 17 bands (Profile A2) was identified in two strains from rectal swabs 
(KPn T1 and KPn C11), isolated six months apart and from different study sites. 
The other strains (KPn T2 and KPn C23) with respective pulsotypes B1 (13 bands) 
and B2 (11 bands) from the environment and rectal swab were collected at differ-
ent times and study sites. 

Phenotypically, regardless of the PFGE profiles obtained, the strains exhibited 
the same antibiotic resistance profile. Sensitivity, however, was observed in the 
presence of amikacin and carbapenems (imipenem and meropenem). 
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Table 3. Epidemiological characteristics of QA of ESBL-K. pneumoniae strains. 

Clusters Strains Types of samples Dates of isolation Admission wards 

1 
(n = 12) 

KPn C5 Blood February 12, 2021 Intensive care unit 
KPn C6 Blood April 07, 2021 Intensive care unit 
KPn C7 Blood April 07, 021 Premature newborn ward 

KPn C10 Rectal swab February 08, 2021 Premature newborn ward 
KPn C11 Rectal swab March 25, 2021 Premature newborn ward 
KPn C13 Rectal swab March 26, 2021 Premature newborn ward 
KPn C14 Blood April 07, 2021 Premature newborn ward 
KPn C15 Rectal swab April 07, 2021 Premature newborn ward 
KPn C16 Rectal swab April 28, 2021 Full-term newborn ward 
KPn C18 Rectal swab June 01, 2021 Premature newborn ward 
KPn C23 Nasal swab March 02, 2021 Consultations ward 
KPn C28 Oxygen mask May 04, 2021 Premature newborn ward 

2 
(n = 9) 

Kpn C2 Blood February 25, 2021 Intensive care unit 
Kpn C9 Blood June 01, 2021 Intensive care unit 
Kpn C17 Rectal swab May 04, 2021 Premature newborn ward 
Kpn C19 Rectal swab May 31, 2021 Consultations ward 
Kpn C20 Rectal swab June 03, 2021 Premature newborn ward 
Kpn C21 Rectal swab June 08, 2021 Full-term newborn ward 
Kpn C24 Nasal swab March 02, 2021 Premature newborn ward 
Kpn C25 Oxygen mask June 03, 2021 Premature newborn ward 
Kpn C26 Oxygen mask June 03, 2021 Premature newborn ward 

3 
(n = 4) 

Kpn C4 Blood January 28, 2021 Premature newborn ward 
Kpn C8 Blood June 08, 2021 Premature newborn ward 
Kpn C12 Blood March 25, 2021 Premature newborn ward 
Kpn C27 Oxygen mask March 25, 2021 Premature newborn ward 

4 
(n = 2) 

Kpn C1 Blood January 25, 2021 Intensive care unit 
Kpn C3 Blood January 26, 2021 Full-term newborn ward 

5 
(n = 1) 

Kpn C22 Hand swabs March 05, 2021 Consultations ward 

 

 
Figure 2. Electrophoretic profile of pulsotypes PFGE obtained of ESBL-K. pneumoniae 
strains. 
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C13 (KPnC13), T2 (KPnT2), T1 (KPnT1), C11 (KPnC11), T3 (KPnT3), C19 
(KPnC19) and C17 (KPnC17): pulsotypes obtained after enzymatic digestion with 
the XbaI restriction enzyme of seven ESBL-K. pneumoniae strains. 

A1, A2 and B1: different PFGE profiles identified. 
Combined and comparative analysis of profiles generated by quantitative 

antibiogram and pulsed-field electrophoresis 
Combined and comparative analyses were carried out on strains with both QA 

and PFGE profiles. A total of nine strains from CHU-C were considered. The re-
sults showed that these isolates were grouped into three QA clusters (Clusters 1, 
2 and 4) and presented three PFGE profiles (A1, A2, B2).  

Cluster 1 comprised one clinical strain and four carriage strains with different 
PFGE profiles (A1, A2 and B2), with a high prevalence of the A1 profile (3/5, 60%). 
Clusters 2 and 4 respectively comprised three carriage strains and one clinical 
strain with the same PFGE profile (profile A1) (Table 4). 

For the comparative analysis, statistical tests showed a similarity between the 
discriminating power of the two methods using Simpson’s diversity index DQA = 
DPFGE = 0.99). Beyond this similarity, there was perfect concordance between QA 
and PFGE (K = 1.2).  

 
Table 4. Combined QA and PFGE results of ESBL-K. pneumoniae strains. 

AQ 
Profiles 

Strains 
PFGE 

Profiles 
Types of samples Dates of isolation Admission wards 

Cluster 1 
(n = 5) 

Kpn C13 
A1 

Rectal swab March 26, 2021 Premature newborn ward 
Kpn C28 Oxygen mask May 04, 2021 Premature newborn ward 
Kpn C14 Blood April 07, 2021 Premature newborn ward 
Kpn C11 A2 Rectal swab March 25, 2021 Premature newborn ward 
Kpn C23 B2 Nasal swab March 02, 2021 Consultations ward 

Cluster 2 
(n = 3) 

Kpn C19 

A1 

Rectal swab May 31, 2021 Consultations ward 
Kpn C17 Rectal swab May 04, 2021 Premature newborn ward 
Kpn C24 Nasal swab March 02, 2021 Premature newborn ward 

Cluster 4 
(n = 1) 

Kpn C3 Blood January 26, 2021 Full-term newborn ward 

3. Discussion 

The use of molecular typing methods is essential in the epidemiological surveil-
lance of Multidrug-Resistant Organisms (MDROs) and in determining the phy-
logenetic relationships between strains. The selection of one or more of these 
methods depends on discriminative power, stability, and reproducibility, as well 
as the problem to be addressed and the epidemiological context in which the 
method (s) will be applied (Sabat et al., 2013) [19]. 

PFGE is one of the most widely applied techniques for typing nosocomial and 
community pathogens (Pegah and Rashid, 2023 [20]; Elahi et al., 2019) [21]. Until 
the emergence of whole-genome sequencing, this technique was considered the 
gold standard of molecular methods (Neoh et al., 2019) [22]. Based on the study 
of restriction patterns in total bacterial DNA fragments, PFGE had a considerable 
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impact on the field of molecular biology, making it possible to separate and mi-
grate large molecules. Despite its success, due in large part to its discriminatory 
power and high epidemiological concordance, several constraints on its use have 
been cited: long run times, high cost of reagents, non-standardized protocols and 
the need for highly skilled personnel.  

Considered an alternative to molecular techniques and developed in the USA 
in 1982 by Flournoy (Flournoy, 1982) [23], QA has successfully typed strains of 
E. coli-ESBL, K. pneumoniae-ESBL, MRSA, Staphylococus epidermidis (Sloos et 
al., 1998 [12]; Moore and Goldsmith, 2001 [13]; Bendary et al., 2016 [14]; Morin-
Le Bihan et al., 2023 [16]). Its advantages include the molecular characterization 
of bacterial species, especially in confirming suspected epidemics, ease of imple-
mentation, and accessibility to all laboratories (Moore and Goldsmith, 2001) [13]. 

Although it is an easy and fast method to implement, its execution requires, 
among other things, qualitative data from antibiograms, software to generate den-
drograms using this data, and epidemiological data for cluster analysis. For some 
authors, factors such as the choice of antibiotics, restriction to strains with well-
known epidemiological context, and the estimation of a cutoff threshold are cru-
cial in obtaining better results (Blanc et al., 1994) [24]. In another study, these 
same authors suggested selecting antibiotics based on the following criteria: (i) the 
determinants of antibiotic resistance must be independent and (ii) the number of 
antibiotics selected must be minimal (Blanc et al., 1996) [25].  

In this study, QA performed on ESBL-K. pneumoniae strains in the neonatol-
ogy unit of the Pediatrics department at CHU-C showed the existence of five clus-
ters composed of 12, nine, four, two, and one strains during the period from Jan-
uary 25 to June 8, 2021. In Clusters 1 and 2, strains were found in all functional 
subunits and in various types of samples. In Clusters 3, 4, and 5, isolates were 
mostly of blood origin, with their presence detected either exclusively in the hos-
pital wards of premature newborns (cluster 3), in intensive care units and in the 
hospital wards of full-term newborns (cluster 4), or in consultations wards (Clus-
ter 5). 

Although QA is useful for discriminating bacteria, some authors recommend 
combining it with other molecular typing methods to validate the obtained results 
(Blanc et al., 1996) [25]. Applying this approach in our study, pulsed-field gel elec-
trophoresis (PFGE) identified four profiles. It was also found that eight out of the 
13 typed strains had profile A1. These strains were isolated from a rectal swab at 
CHU-T on September 15, 2020, and from various types of samples at CHU-C 
from January 13 to June 08, 2021. This situation could be explained by a potential 
inter-hospital spread of strains facilitated by the transfer of patients between hos-
pitals. However, during the study period, there were no transfers of newborns be-
tween the two hospital structures. The most likely explanation would be the ex-
change of healthcare personnel. Profiles B1 and B2 have been identified in two 
and one strains, respectively, all of them carriage strains. Their distribution could 
be described as sporadic. 
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In order to assess a potential correlation between our two methods, we con-
ducted comparative and combined analyses of the results obtained from strains 
tested with both AQ and PFGE. A total of nine strains were involved, among which 
three clusters and three different profiles were described. Our results showed that 
AQ was equally discriminant as PFGE. Furthermore, we observed that AQ 
grouped seven out of eight strains presenting the same PFGE profile into each of 
the different clusters. This result is interesting as these clusters showed a closer 
proximity to each other on the dendrogram generated by AQ. 

This observation highlights the existence of variations in the size of the diame-
ters of the zones of antibiotic inhibition in similar strains. The presence of strains 
with different PFGE profiles (A1, A2 and B2) was noted within the same cluster 
(Cluster 1). This result is probably due to the fact that, according to the criteria of 
Tenover and colleagues, the isolates would be closely related, and the number of 
bands obtained in the B2 profile (11 bands) would be linked to genetic alterations 
(Tenover et al., 1995) [18]. 

The KAPPA test and Simpson’s diversity index used to compare the data ob-
tained indicated a perfect concordance between the two techniques. Other authors 
have also showed a high correlation between quantitative antibiogram and the 
performed molecular typing method (Bearson et al., 2004 [26]; Sloos et al., 2000) 
[27].  

Limitations 
In this study, we encountered problems in subculturing of K. pneumoniae 

strains, which explains why only 16 isolates out of a total of 28 could be typed. 
Other difficulties, such as obtaining a suitable weight marker to assess the size of 
the obtained bands, were also encountered. 

4. Conclusion 

The results of this study highlighted the existence of clonal ESBL-K. pneumoniae 
strains from various sources within the neonatology units. The data provided by 
quantitative antibiogram showed a perfect concordance with the results of pulsed-
field gel electrophoresis. The combined approach of these two methods could sig-
nificantly contribute to epidemiological surveillance and the management of nos-
ocomial infections. 
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