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Abstract

Background: Infections caused by biofilm-producing microbes are
associated with common human illnesses that are difficult to treat due
to antibiotic resistance, especially when the bacteria also produce beta-
lactamases. The aim of the present study was to evaluate the ability of
clinical strains of Escherichia coli and Pseudomonas spp that produce
beta-lactamases to produce biofilm.

Methods: The study involved two clinical strains of Escherichia coli and
Pseudomonas spp that produce beta-lactamases and were isolated from
pus samples at the Centre Hospitalier Universitaire Pédiatrique Charles de
Gaulle of Ouagadougou, Burkina Faso. Biofilm production was assessed
using the microtiter plate-based crystal violet assay, with the PAOl WT
strain used as a positive control for biofilm production. Biofilm was
quantified by measuring optical densities with a spectrophotometer.

Results: The E. coli strain was resistant to cefotaxime, ceftriaxone, and

ceftazidime, while in addition to these antibiotics, Pseudomonas spp
was resistant to imipenem. Both strains were beta-lactamase producers
confirmed by the detection of bla,,, and bla,,,, genes in E. coli and bla, ,

bla ., and blay,, in Pseudomonas spp. Optical density measurements after
crystal violet staming showed that both strains were moderate biofilm

producers.

Conclusions: This study highlights that clinical isolates of E. coli and
Pseudomonas spp, which are responsible for human infections and produce
beta-lactamases, are also moderate biofilm producers. This is a real public
health concern requiring surveillance efforts and investigations to prevent
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and effectively combat this form of resistance.
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Present in all ecological niches, bacteria have been the subject of extensive
research worldwide since their discovery [1]. Initially studied as planktonic
forms (free-swimming), the knowledge gained from these studies has greatly
contributed to understanding the basic physiological processes of these
microorganisms [2]. Later, work on the interactions between microorganisms
and surfaces in the late 1960s and early 1970s showed that the majority of
microbial biomass is attached to surfaces (biotic and abiotic) and constitutes
embedded microbial populations within a matrix rich in water, sugars, and
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proteins, known as biofilms [2-4]. Thus, bacteria have two
modes of growth: the free planktonic mode and the sessile or
biofilm mode. Biofilms are one of the most widespread and
successful modes of life on earth [4, 5]. Most of scientists
agree that biofilms are the preferred mode of life for bacteria
in the natural world, while the planktonic phase would only
be a temporary stage allowing for the dissemination to new
surfaces [5]. The majority of bacterial species studied in the
laboratory form biofilms [6]. This mode of development
confers many protections to bacteria against various
environmental stressors [5] and it is often associated with
public health problems, such as the formation of biofilms
containing opportunistic bacteria in water networks, on
medical devices (catheters, endoscopes, etc.), and on the skin
and mucous membranes of the human body [7]. Once the
biofilm is formed, it is very difficult to eliminate it due to its
high resistance to antibacterial agents [8].

The combination of structural and physico-chemical
characteristics of the biofilm gives the bacteria composing it
specific properties of morphology, growth, communication
between cells, and resistance to biocides [3]. Over the past
few years, it has become apparent that the importance of
biofilms in the medical environment is crucial, as 65% of
bacterial infections are due to biofilms and over 80% of
chronic bacterial infections are associated with the presence
of biofilms [9]. Biofilms can form on catheters or implants
(heart valves, artificial hips), and attack bodily tissues such
as teeth, eyes, lungs, ears, or the urinary tract [10]. Among
the pathogenic bacteria that have become real problems for
human health, the gram-negative bacilli are generally found
[11]. These gram-negative bacilli produce B-lactamases which
are enzymes responsible for their resistance to antibiotics
belonging to the B-lactam family and can form biofilms
[12-14]. So, in addition to bacterial resistance through beta-
lactamase production, the ability to produce biofilm confers
another form of strong resistance to bacteria, leading to a
complete failure of antibiotic therapy. In the present study,
we report moderate biofilm production by clinical strains
of Escherichia coli and Pseudomonas spp producing beta-
lactamases isolated in Burkina Faso.

Methods
Bacterial strains

The biological material consisted of a strain of

Escherichia coli and a strain of Pseudomonas spp., of human
origin, isolated between 2009 and 2013 from pus samples at
the Centre Hospitalier Universitaire Pédiatrique Charles De
Gaulle (CHUP-CDG) of Ouagadougou, Burkina Faso [15,
16]. The isolates were identified using an API 20 E system
(Bio-Mérieux, Marcy-I'Etoile, France) [17]. The strains were
resistant to at least one of the cephalosporins.

Volume 6 * Issue 3 | 301

Biofilm Production

The capacity for biofilm production of the isolates was
assessed using the Crystal Violet staining method with some
modifications. The bacteria were grown on Luria—Bertani
(LB) medium and incubated at 37° C for 24 hours. The
bacterial cultures were then centrifuged at 3200 rpm at 24
°C for 5 minutes and the supernatant was discarded. The
bacterial pellet was washed twice (02) with 5 ml of LB and the
bacteria were suspended in 1 ml of LB, and the mixture was
well homogenized [18]. The bacterial suspensions were then
incubated in a 96-well plate (Falcon® 96-well Polystyrene
Microplates) after adjusting the DO, between 0.14 et 0.16
by making dilutions. Thus, 200 pl of the bacterial preparation
was distributed into the wells of the plate in triplicate and
incubated without agitation at 37 °C for 24 hours. The LB
medium without bacterial suspension was used as a negative
control while the PAO1 WT strain was used as a positive
control.

After 24 hours of incubation, the culture medium and
planktonic bacteria were gently removed using a micropipette.
Then, the adhered bacteria were gently rinsed three times with
300 pl of water, to avoid damaging the biofilm. The bacteria
were then fixed with 200 pl of methanol. After 15 minutes,
the methanol was removed, and the fixed bacteria were dried
in air. To reveal the biofilm, 200 pl of crystal violet was
added to the wells for 15 minutes. The crystal violet was then
removed, and the plates were rinsed with water to remove
the excess crystal violet. The dry microplate allowed for
the visual observation of the biofilm colored by the crystal
violet dye and the intensity of the coloration indicated the
level of biofilm formed, which could be strong, moderate, or
weak. The absence of coloration indicated that no biofilm was
produced. The absorbance at 590 nm was measured using the
pQuant Universal Microplate Spectrophotometer (Biotek,
Germany). It should be noted that 300 pl of acetic acid was
used to dissolve the biofilm, and 200 pl of the mixture was
then transferred to a 96-well plate for determination of the
Optical Density (OD). The measured OD was then compared
to the OD of the negative control (OD ) to classify the strains
as strong producers (4 x OD_ < OD), moderate producers
(20D, <OD <4 x0D,), weak producer (OD < OD <
2 x 0D, ) or as non-producers of biofilm (DO <DO, ) [19].

Results
Resistance profile

The two bacterial strains studied showed resistance to at
least one beta-lactam [15-17]. The antibiogram showed that,
unlike Pseudomonas spp, the E. coli strain was sensitive to
imipenem (Table 1). It noteworthy that three beta-lactam
resistance genes were identified in the Pseudomonas spp
strain compared to two in E. coli (Table 2).
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Biofilm formation on Microplates

The studied strains were biofilm producers compared to
the PAO1l WT strain. After staining with crystal violet, the
biofilms formed by the attached bacteria were visible at the
bottom of the wells and on the walls of the microplate (Figure
1). The analysis of the average optical densities allowed to
classify the level of biofilm formed for each strain.

Thus, the average OD were 0.432; 0.956; 1.305; 1.295
respectively for the LB medium without inoculum (negative
control); PAO1 WT (positive control); Pseudomonas spp and
E. coli (Figure 2). The OD of Pseudomonas spp (1.305) and
E. coli (1.295) were higher than 2 x OD__ (0,864) and lower
than 4 x OD_  (1,728); therefore, the studied strains were
moderate biofilm producers.

Table 1: Antibiogram tests

Strains CTX CRO CAZ IMP
E. coli R R R S
Pseudomonas spp R R R R

R: resistant S: sensitive, CTX: cefotaxime, CRO: ceftriaxone, CAZ:
ceftazidime

Table 2: Strain resistance genes

Strains BlaNDM | BlalMP | BlaVIM | BlaCTX | BlaSHV
Pseudomonas spp + - - + +
E. coli + + - - -

+: presence of gene; -: absence of gene; Bla,,,. New Delhi metallo-

B-lactamase; Bla,,.: Imipenemase; Bla,,,: Verona Integron-encoded

Metallo-B-lactamase; Bla,,: Cefotaximase; Blag,: Shylphydil
Variable

Biofilms at the
bottom of the

wells

Biofilms on the

well walls

Figure 1: Production of biofilms, Albert Oueremi, 2022. Photo
taken at LABIOGENE.
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Figure 2: Histogram of optical densities at 590 nm
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Discussion

Gram-negative bacilli are the most involved bacteria in
human infections and have developed various mechanisms of
resistance [20]. In addition to known resistance mechanisms,
some bacteria have the ability to produce biofilms that
protect them against any attack [6]. The present study aimed
to determine the ability of E. coli and Pseudomonas spp,
Gram-negative bacilli, to produce biofilms in addition to their
resistance through the production of beta-lactamases.

The antibiogram showed that the E. coli strain was
resistant to cefotaxime (CTX), ceftriaxone (CRO), and
ceftazidime (CAZ) and carried the resistance genes bla,
and bla,,,. New Delhi metallo-B-lactamase (NDM) is a
metallo-f-lactamase capable of hydrolyzing almost all
beta-lactams [21]. The NDM-positive strains are generally
resistant to most antimicrobial agents in addition to f-lactams
due to the coexistence of other resistance mechanisms and are
a global public health problem [22]. The use of carbapenem
antibiotics in the treatment of severe Gram-negative bacterial
infections is threatened by the emergence of the bla,,, gene
among pathogenic bacteria. Previous research from our team
has highlighted several bacteria strains producing extended-
spectrum B-lactamases [15-17]. The Pseudomonas spp strain
was resistant to the antibiotics CTX, CRO, and CAZ in
addition to imipenem and carried the bla, , bla ..., and blag,,
genes. These resistance genes, which are typically carried on
plasmids, confer multi-resistance to the carrying bacteria,
which requires new therapeutic options. Previous studies by
our research team have shown that BLSE production was
associated with a high co-resistance to fluoroquinolones (93%
for ciprofloxacin), aminoglycosides (76.36% for gentamicin),
and trimethoprim/sulfamethoxazole (95.65%) [23-25].

In this study, both the strains of E. coli and Pseudomonas
spp were found to be producers of biofilm. The visualization
of the plates after crystal violet staining showed that the
bacteria adhered to the walls and bottoms of the wells in the
microplate. The crystal violet staining assay is one of the best
techniques for the detection and quantification of in vitro
biofilms [26]. Our results are similar to those found by Oli
et al.[27], who showed that the crystal violet staining assay
is the most reliable method for detecting biofilm formation in
clinical strains. The study by Oncel et al[28] revealed that
60% of P. aeruginosa isolates from chronic rhinosinusitis
produce bacterial biofilms using the crystal violet staining
assay. According to a study on Gram-negative bacteria
isolated from urine, the main biofilm-producing isolates were
Escherichia coli strains (32.9%) followed by Pseudomonas
spp strains (27.8%) (Shanmugam et al., 2017). Cepas et
al.[29] found that 30.3% of E. coli isolates and 76.5% of P.
aeruginosa isolates studied formed biofilms. These results
confirm the ability of Pseudomonas spp and Escherichia coli
isolates to form biofilms.
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The biofilm quantification test showed that the clinical
strains in the present study were moderate biofilm producers.
A 68% (50/74) production of biofilm by clinical P. aeruginosa
isolates with 4% moderate biofilm producers has been
reported in the literature [30]. Similarly, Hassan et al.[31] in
a study involving 110 bacterial isolates found 22.72% to be
strong biofilm producers versus 40.9% to be moderate biofilm
producers. Biofilm formation does not occur under the same
conditions. Depending on the culture medium, temperature,
and incubation time, the same bacterium can produce a
weak, moderate, or strong biofilm [32]. In addition to these
conditions, there may be a correlation between biofilm
production and beta-lactamase production. Biofilm production
could be associated with resistance enzyme production, such
as beta-lactamases. The clinical isolates in the present study
were both B-lactamase producers and biofilm producers. A
study conducted in China showed that clinical K. pneumoniae
isolates carrying bla,, had a stronger biofilm-forming
ability than K. pneumoniae carrying bla,,. [33]. However,
Nirwati et al. (2019) did not find a significant association
between MDR K. pneumoniae clinical strains and the ability
to produce biofilm [34]. Although these two mechanisms
of resistance are independent, there are enzymes present in
the biofilm matrix, such as beta-lactamases, that contribute
to the resistance of biofilm bacteria to antibiotics. Intensified
efforts are needed to prevent the spread of multidrug-resistant
bacteria in low-income countries such as Burkina Faso and
the development of new endogenous therapeutic solutions to
eliminate these multidrug-resistant pathogens [35-37].

Conclusion

The results of the present study have highlighted the
moderate production of biofilm by clinical strains of
Pseudomonas spp and Escherichia coli, which produce beta-
lactamases. In addition to resistance through [-lactamase
production, biofilm production is a preferred means of
resistance for bacteria in difficult living conditions. Intensified
surveillance efforts are necessary to prevent the spread of
such multidrug-resistant bacteria, which pose a serious public
health concern.
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