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Abstract

Background: Intraventricular catheters (IVCs) are an important diagnostic and therapeutic tool. They are used in patients after
traumatic brain injury, intracranial haemorrhage, ventricular, or hydrocephalus. However, the use of IVCs may lead to the devel-
opment of bacterial brain and cerebrovascular infections associated with the presence of microorganisms in cerebrospinal fluid
(ventriculitis). What is especially dangerous for the patients health is the formation of biofilms by microorganisms on the catheters.
Objectives: The aim of the study was to evaluate the intensity of single- and double-species biofilms formation on IVCs by Staphylo-
coccus aureus (SAU), Escherichia coli (ECO) with K1 antigen, and Listeria monocytogenes (LMO).
Methods: The research material was 15 strains of S. aureus, L. monocytogenes, and E. coli with K1 antigen, each. Evaluation of biofilm
formation was performed on sterile fragments of IVCs with 1 cm length. The intensity of biofilm formation by the tested strains
was determined with the quantitative method using sonication for removal of bacteria from IVCs surface. Biofilm formation ability
was verified individually for each of the tested bacteria strain and for SAU + LMO, SAU + ECO, LMO + ECO combinations. Randomly
selected fragments of biofilm-coated catheters were subjected to scanning electron microscopy (SEM).
Results: The number of bacteria isolated from single-species biofilms on the IVCs surface ranged from 3.79× 107 do 8.95× 107 CFU×
cm-2, depending on the species of microorganism. The strongest biofilm formed ECO with K1 antigen strains and the weakest - LMO
strains. The scomposition of multi-species biofilms significantly influences the intensity of biofilm formation by strains from the
examined species. In the SAU + LMO combination, strains from both species formed biofilm more intensively than in single-species
variant. In turn, ECO has shown a significant inhibitory effect on biofilm formation by other tested species.
Conclusions: It was stated that bacteria form biofilm on IVCs and it is a significant medical problem. The species composition of
multi-species biofilms significantly influences the number of individual bacteria recovered from this biofilm.

Keywords: Intraventricular Catheters, Single-Species and Multi-Species Biofilm, Quantitative Method, Staphylococcus aureus,
Listeria monocytogenes, Escherichia coli K1

1. Background

Intraventricular catheters (IVCs) are an important di-
agnostic and therapeutic tool. They allow continuous
monitoring of intracranial pressure and drainage of cere-
brospinal fluid (1). They are used in patients after traumatic
brain injury, intracranial hemorrhage, ventricular, or hy-
drocephalus. They also allow intraventricular chemother-
apy in case of central nervous system lymphoma (1, 2).
The use of IVCs may lead to the development of bacterial
brain and cerebrovascular infections associated with the

presence of microorganisms in cerebrospinal fluid (ventri-
culitis) (3-5). These infections are caused mainly by Gram-
positive (Staphylococcus spp., Corynebacterium spp., Bacillus
spp., Propionibacterium spp., Listeria monocytogenes, Micro-
coccus spp.), and Gram-negative bacteria (Escherichia coli,
Klebsiella spp., Enterobactercloacae, Proteus mirabilis, Serra-
tia marcescens) (6). Among catheterized patients, the in-
cidence of such ventriculostomy-related infections (VRIs)
varies from 0% - 22% (5, 7). What is especially dangerous for
patients’ health is the formation of biofilms by microor-
ganisms on the catheters.
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Biofilm is a multicellular bacterial structure sur-
rounded by a polymeric matrix. In this form, the bacteria
can be attached to abiotic surfaces or living tissues.
Biofilm-forming microorganisms can settle dental im-
plants, catheters, pacemakers, arthrodes, and other
biomaterials (8, 9). Biofilm-forming microorganisms
often cause infections difficult to detect using conven-
tional culture methods (10). The characteristic feature of
bacterial cells in biofilm is their antimicrobial resistance.
They show much less susceptibility to toxic, bacterio-
static, or bactericidal substances than planktonic forms
of microorganisms. This is an important factor hindering
the treatment of infections caused by biofilm-forming
bacteria (11, 12).

Staphylococcus aureus can cause infections associated
with the placement of intraventricular catheters. Prospec-
tive studies showed that among 1333 patients with exter-
nal ventricular drains (EVD) or lumbar drains, 26 patients
(2.0%) had meningitidis, of which 25.0% were caused by S.
aureus (13). In recent years, L. monocytogenes has become
an increasingly common cause of meningoencephalitis
worldwide. The incidence rate is estimated at 0.05 and 0.2
cases per 100000 population (14). The main cause of cases
number increase may be the increasing number of the el-
derly or people with reduced immunity.

Escherichia coli, including E. coli with K1 antigen, is one
of the most common causes of meningitidis in neonates
(15). Escherichia coli are also isolated from meningitidis
from adults (16). Lu et al. (17) showed an increase in the
importance of Gram-negative rods in infections in post-
neurosurgical patients, including E. coli. There is no data
available on the biofilm formation on IVCs in available lit-
erature. This study complements the knowledge in this
subject.

2. Objectives

The aim of the study was to evaluate the intensity
of single- and double-species biofilms formation on IVCs
by S. aureus (SAU), E. coli with K1 antigen (ECO), and
L.monocytogenes (LMO). Biofilm formation ability was ver-
ified individually for each of the tested bacteria strain and
for SAU + LMO, SAU + ECO, LMO + ECO combinations. The
intensity of biofilm formation by the tested strains was de-
termined with quantitative method.

3. Methods

3.1. Ethics Statement

The carried out studies concerned only and exclusively
bacterial strains and were carried out in vitro. These strains

were obtained as part of the other studies in the past. In
the described experiment, no material was taken from pa-
tients and no research was conducted on humans and ani-
mals. In the polish legislation, such studies do not require
the consent of the bioethical commission.

3.2. Materials

The research material was 15 strains of SAU, LMO, and
ECO, each. Tested strains were isolated from cerebrospinal
fluid or blood from patients. The strains came from the
collection of department of microbiology, L. Rydygier Col-
legium Medicum in Bydgoszcz of Nicolaus Copernicus Uni-
versity in Torun. Evaluation of biofilm formation was per-
formed on sterile fragments of IVCs with 1 cm length. The
catheters were cut and sterilized radically using a high en-
ergy electron beam.

3.3. Quantitative Evaluation of Biofilm Formation

The intensity of biofilm formation by the tested strains
was determined with quantitative method, as Kwiecinska-
Pirog et al. (18) previously described with some modifica-
tions. Biofilm formation ability was verified individually
for each of the tested bacteria strains and for SAU + LMO,
SAU + ECO, LMO + ECO combinations.

Sterile prepared fragments of the catheters were
placed in tubes containing 3 ml of bacterial suspension
with 0.5 McF in the brain heart infusion broth (BHI)
(Becton-Dickinson). As a negative control, a sterile frag-
ment of the catheter was used and placed in a sterile BHI.
Incubation was carried out for 72 hours at 37°C in an oxy-
gen atmosphere with a change of the broth for a ster-
ile one every 24 hours. Each time the BHI was changed,
the catheters were washed with sterile phosphate buffered
saline (PBS) pH 7.2 (Avantor) to remove planktonic cells. Af-
ter 72 hours, the samples were washed twice with PBS at pH
7.2 and placed in 0.5% saponin solution (Sigma-Aldrich).
Next, they were sonicated for 20 minutes (Ultrasonic DU-
4, Nickel-Electro) and shaking at 800 rpm for 5 minutes.
From the obtained suspensions, a series of 10-fold dilu-
tions were made in PBS and then plated onto Chapman
agar (Becton-Dickinson) for SAU, MacConkey agar (Becton-
Dickinson) for ECO, and Columbia agar with 5% sheep
blood (bioMerieux) for LMO. After 24 hours of incubation
at 37°C in the aerobic atmosphere, colonies grown on suit-
able media were counted. The results were presented as
the number of colony forming units per 1 cm-2 of catheter
surface (CFU × cm-2).

3.4. Visual Evaluation of Biofilm Formation

Randomly selected fragments of biofilm-coated
catheters, prepared according to the method described
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above, were subjected to scanning electron microscopy
(SEM). The samples preparation and observation proce-
dure was previously described by Reslinski et al. (19). For
this purpose, they were washed with sterile PBS at pH 7.2
and then fixed in 2.5% glutaraldehyde (Avantor) in 0.1
M phosphate buffer at pH 7.4 for 48 hours at 4°C. After
fixation, catheter fragments were washed 2 times for 20
minutes at room temperature in phosphate buffer and
dehydrated in ethanol with increasing concentrations of
30%, 50%, 70%, 80%, and 96% after 10 minutes and 2 times
in ethanol with 99.8% (Avantor) for 30 minutes. Next, the
samples were transferred to a solution of hexamethyldis-
ilazane (Hexamethyldisilazane, HMDS) (Polysciences) for
45 minutes and dried at room temperature. Dried catheter
fragments were placed on copper tables and sprayed with
gold under argon in an ionic sprayser Fine Coater JCF-1200
(JEOL). After transferring samples to the JSM-5310LV elec-
tron microscope (JEOL), a 15 or 20 kV test was performed
and the results were analyzed and recorded using software
NSS Version 3.0 (Thermo Fisher Scientific).

3.5. Statistical Analysis

The analysis of the obtained results was carried out us-
ing the STATISTICA 12 PL (StatSoft) program based on Bon-
ferroni post-hoc test, assuming significance level α = 0.05.

4. Results

All tested bacteria formed biofilm on the IVCs surface,
however the intensity of its formation is being dependent
on both the species and the strain of the microorgan-
ism. The number of bacteria isolated from single-species
biofilms on the IVCs surface ranged from 3.79 × 107 to 8.95
× 107 CFU × cm-2, depending on the species of microor-
ganism. The strongest biofilm formed ECO with K1 antigen
strains and the weakest - LMO strains (Figure 1).

The composition of multi-species biofilms signifi-
cantly influences the intensity of biofilm formation by
strains from the examined species. In the SAU + LMO com-
bination, strains from both species formed biofilm more
intensively than in single-species variant. From the mixed
biofilm, 5.29 × 107 CFU × cm-2 of LMO and 6.08 × 107 CFU
× cm-2 of SAU were isolated. However, the differences ob-
served were not statistically significant (P > 0.05) (Figure
1). In turn, ECO has shown a significant inhibitory effect on
biofilm formation by other tested species. From ECO mixed
biofilms, LMO were isolated in 6.12 × 105 CFU × cm-2 and
SAU - 8.77× 106 CFU× cm-2 (Figure 1). Moreover, ECO, unlike
the other tested bacteria, form the biofilm statistically sig-
nificantly stronger in single- than in double-species variant
(Figure 1).

The obtained results have been confirmed by the im-
ages of bacterial biofilms on the IVCs surface under the
electron microscope (Figure 2 - 3).

5. Discussion

The infections are very serious complications that may
occur after IVCs usage. Lyke et al. (1) showed that out of 196
cases of IVCs usage, 11 (5.6%) ended up with an infection. A
recent large study on the incidence of infections following
the introduction of an external ventriculostomy catheter
was conducted by Bota et al. (7), who showed an incidence
of infection at 9.0%. The most common cause of IVC-related
ventriculitis are Gram-positive bacteria. Among them, the
most common are S. aureus and coagulase-negative staphy-
lococci (20). For the first time, Stoodley et al. (21) demon-
strated the development of S. aureus biofilm on EVD surface
in 2009. Placing the catheter for a long time may cause an
infection. Biofilm formation on the surface of the catheter
by microorganisms poses a threat to the life and health of
the patient.

In diagnosing IVC-related infections, the problem is
the isolation of microorganisms from the surface of the
catheter. Jost et al. (22) showed that the sonication of
the removed catheter fragments increased the number of
positive samples (64%, 9/14) compared to the CSF aspirate
(14%, 2/14). In the own study, sonication was also used to
detach biofilm cells from the surface of the catheters. By
using this method it has been shown that biofilm forma-
tion ability varies from species to species. The most inten-
sively biofilm formed species was E. coli with K1 antigen.
Escherichia coli rods are often described as a model organ-
ism capable of producing biofilms on abiotic surfaces. This
is possible thanks to many cell wall components such as:
flagella, type I fimbriae, outer membrane proteins, colanic
acid, and poly (β-1, 6-GlcNAc) (8, 23). Reisner et al. (24) ob-
served a high variability in biofilm formation among iso-
lates obtained from healthy people, people with diarrhea,
bacteriemia, and urinary tract infections. There was no
link observed between increased invitro biofilm formation
ability and an origin of strains from a particular group.

In our own study, the weakest biofilm on the surface of
the catheters form L. monocytogenes. In 2011 Le Monnier et
al. (25) described the case of a 3-year-old boy with ventricu-
loperitoneal shunt who had an infection with L. monocyto-
genes. This rod is able to form biofilms on many abiotic sur-
faces (26). Our study confirmed that IVCs may also be colo-
nized by this microorganism. Due to the fact that L. mono-
cytogenes can exceed three physiological barriers: intesti-
nal barrier, blood-brain barrier, and placental barrier, lis-
teriosis may manifest as a severe invasive form - occurring
with CNS infection (27).
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Figure 1. Number of bacteria isolated from single- and double-species biofilms on intraventricular catheters (ECO - Escherichia coli, LMO - Listeria monocytogenes, SAU - Staphy-
lococcus aureus, ECO + LMO - E. coli isolated from biofilm co-formed with L. monocytogenes, ECO + SAU - E. coli isolated from biofilm co-formed with S. aureus, LMO + ECO - L.
monocytogenes isolated from biofilm co-formed with E. coli, LMO+SAU - L. monocytogenes isolated from biofilm co-formed with S. aureus, SAU+ECO - S. aureus isolated from
biofilm co-formed with E. coli, SAU+LMO - S. aureus isolated from biofilm co-formed with L. monocytogenes).

The most important aspect of this study was the use
of a two-species biofilm model. In our research, we have
observed a change in the biofilm formation ability of the
tested microorganisms in mixed biofilms. Staphylococcus
aureus and L. monocytogenes formed a biofilm more inten-
sively than in single-species variant. In addition, the in-
hibitory effects of E. coli on other species in mixed biofilms
have been demonstrated. These are preliminary studies
and they require confirmation and investigation by other
methods, although the observed correlation seems inter-
esting. Moreover, the observed correlations were also vi-
sualized with SEM. This is a method previously used for
biofilm imaging on different catheter surfaces, including
EVDs (28, 29). However, with the SEM technique, the via-
bility of microbes and the identification of specific species
cannot be determined. Still, in some cases, it is one of the
few methods to visualize biofilm formation on the catheter
surface, as demonstrated by Mounier et al. (29).

5.1. Conclusions

In conclusion, it was stated that biofilm on IVCs is a
significant medical problem. The species composition of

multi-species biofilms significantly influences the number
of individual bacteria recovered from this biofilm. There
is no data available on the biofilm formation on IVCs in
the available literature. Therefore, it is reasonable to con-
duct research to determine biofilm formation on this type
of surface through various species of microorganisms and
then to seek methods to limit its formation. Our research
is the first study related to biofilm formation on IVCs,
both for single-species and multi-species biofilms. In ad-
dition, in the study, bacterial strains that could cause ner-
vous system infections and derived from the cerebrospinal
fluid were used. The carried out research is preliminary
and should be continued. The antibiotics resistance of
biofilms on IVCs should be investigated and the interac-
tion of species included in the biofilm should be explained.
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Figure 2. Visual evaluation of single-species biofilm formation using electron mi-
croscope
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