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Cateter urinário: o tempo de exposição e calibre podem inﬂuenciar na formação de biofilme?
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Abstract

Objective: To assess the effects of exposure time and gauge of Foley catheters in biofilm formation.
Method: In vitro study with samples of Foley catheter fragments made of siliconized latex of different gauges (#14 and #16 French gauge).
Artificial urine was produced, which was inoculated with Staphylococcus aureus (ATCC 25923) and Pseudomonas aeruginosa (ATCC 27853)
standard bacteria, incubated at 37 °C for 24 hours and 72 hours. The material was analyzed by means of culture (bacterial load) and scanning
electron microscopy.
Results: There was no difference in bacterial load of biofilms formed in Foley catheter surfaces with regard to different gauges (p > 0.05). On the
other hand, exposure time (24 hours and 72 hours) was a determining factor for P. aeruginosa biofilm formation in Foley catheters (p < 0.05).
Conclusion: Exposure time had an effect on P. aeruginosa biofilm formation in Foley catheters, regardless of gauges.

Resumo

Objetivo: Avaliar a inﬂuência do tempo de exposição e calibre na formação de biofilme em cateteres urinários de Foley (CUFs).
Método: Pesquisa in vitro com amostras de fragmentos de CUFs em látex siliconizado de diferentes calibres (n° 14 e n° 16 Frenchs). A urina
artificial foi confeccionada, inoculada com bactérias-padrão Staphylococcus aureus (ATCC 25923) e Pseudomonas aeruginosa (ATCC 27853)
e incubada a 37 °C por 24 horas e 72 horas. As análises foram realizadas por meio de cultura (carga bacteriana) e microscopia eletrônica de
varredura.
Resultados: Não houve diferença na carga bacteriana dos biofilmes formados nas superfícies dos CUFs com relação aos diferentes calibres (p
> 0,05). Por outro lado, o tempo de exposição (24 horas e 72 horas) foi o fator determinante para formação do biofilme de P. aeruginosa nos
CUFs (p < 0,05).
Conclusão: O tempo de exposição inﬂuenciou a formação do biofilme de P. aeruginosa nos CUFs, independentemente dos calibres.

Resumen

Objetivo: Evaluar la inﬂuencia del tiempo de exposición y calibre en la formación de biofilm en catéteres urinarios de Foley (CUFs).
Método: Investigación in vitro con muestras de fragmentos de CUFs en látex siliconizado de diferentes calibres (n ° 14 y nº 16 Frenchs). La orina
artificial fue confeccionada, inoculada con bacterias estándar Staphylococcus aureus (ATCC 25923) y Pseudomonas aeruginosa (ATCC 27853)
e incubada a 37 °C durante 24 horas y 72 horas. Los análisis se realizaron por medio de cultivo (carga bacteriana) y microscopía electrónica
de exploración.
Resultados: No hubo diferencia en la carga bacteriana de los biofilmes formados en las superficies de los CUFs en relación con los diferentes
calibres (p> 0,05). Por otro lado, el tiempo de exposición (24 horas y 72 horas) fue el factor determinante para la formación del biofilm de P.
aeruginosa en los CUFs (p <0,05).
Conclusión: El tiempo de exposición inﬂuenció la formación del biofilm de P. aeruginosa en los CUFs, independientemente de los calibres.
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Introduction
Healthcare-associated infections (HAI) are a global
health issue, with significant effects, especially when
they take place in hospitals and with immunocompromised individuals. In different surveys, urinary
tract infection (UTI) is one of the most prevalent
and worrying infections in elderly people due to its
high morbidity rate.(1)
Catheter-associated urinary tract infections
(CAUTI) is defined as any UTI affecting patients
who have been using urinary catheters for more
than two days and who had a catheter inserted on
the day the infection occurred or who had it removed the day before.(2)
The situation is alarming since 15% to 25% of
admitted patients are submitted to urinary catheterization, in most cases without proper indication.(3)
With regard to urinary catheters made of latex
or silicone, CAUTI risk frequency in hospitalized
patients was similar; however, the use of devices
coated with silver or nitrofurazone showed a decrease in rates of this kind of infection.(4)
The etiological agents that are more often related
to CAUTI are: Pseudomonas aeruginosa, Proteus mirabilis, Candida spp., Escherichia coli and Klebsiella
pneumoniae,(5,6) which can be present in the form of
a “community” embedded in an extracellular polymeric material matrix composed of carbohydrates,
proteins, and nucleic acids, called biofilm.
The impact of biofilms on HAIs is an object of
research around the world, especially in prolonged
use products. Hence, strategies to control biofilm
formation in these devices are still a challenge.(7)
In urology, the treatment of microbial colonization and the resulting infection from biofilms is
complex and often requires the removal of urinary
catheters.(8,9)
The scientific literature reports the importance
of the correct choice of the Foley catheter gauge
mainly for the prevention of urethral traumas,(10,11)
but there are no reports of studies that address the
correlation between exposure time in biofilm formation and the gauge of these devices.
Therefore, our study has the following research
questions: How exposure time and the gauge of
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Foley catheters in artificial urine (AU) contaminated with Staphylococcus aureus and Pseudomonas
aeruginosa can have an influence on biofilm formation? What are the bacterial load and microscopic
morphology of biofilms formed in catheters coming into contact with AU, in different experimental
conditions (bacterial inoculum type, exposure time,
and catheter gauge)?
In order to answer these questions, this study
tried to assess the influence of exposure time and
catheter gauge on biofilm formation in Foley
catheters.

Methods
This experimental/laboratory study was conducted in vitro with the use of two-way Foley catheters
(Teleflex, Kamunting, Perak, Malaysia) made of latex and silicone (siliconized), #14 and #16 French
gauge (Fr). It is worth highlighting that the choice
for catheters of different gauges was based on clinical practice, as a result of a more frequent use in
adult patients. In order to simulate an actual Foley
catheter in the urinary tract, as well as the chemical
and nutritional conditions for the development of
biofilms, an artificial urine (AU) with pH = 6.1 was
produced according to Levering,(12) in which the
sterilization process was changed and performed
with the help of 0.22 µm filters (urea) and vertical
autoclave (Phoenix, Araraquara, SP, Brazil) at 120
°C for 20 minutes (jelly and other AU components).
The whole microbiological experiment was conducted with five samples using aseptic biosafety
techniques in a class II type A1 biosafety cabinet
(VECO Group, Campinas, SP, Brazil), in the laboratory of the Study Center for Infection Prevention
and Control in Health Services (NEPECISS, as per
its acronym in Portuguese) of the Ribeirão Preto
College of Nursing at the University of São Paulo.
Catheter fragments (CF) cut across (3 cm)
and lengthwise were transferred to Falcon tubes
(15 ml) containing 7 ml of AU and 1% of standard bacterial inoculum (∼108 CFU/ml − colony
forming units per milliliter) of Staphylococcus aureus (ATCC 25923) and Pseudomonas aeruginosa
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Research Foundation (FAPESP) - File number
04/09320-9.
Data collected were submitted to appropriate
encoding, double typing validation, exported to
BioEstat® (version 5.3) software and analyzed by
descriptive statistics (mean, standard deviation,
minimum and maximum values) and KruskalWallis non-parametric test followed by Student–
Newman–Keuls method. A significance level of 5%
was defined.

Results
According to figure 1, the assessment of means of
bacterial loads (logCFU/CF) revealed that there
was no difference in biofilm formation of S. aureus
with regard to exposure time and Foley catheter
gauge (p = 0.5651).
7.0
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a

6.6
Bacterial load (logCFU/CF)

(ATCC 27853), separately, by means of a spectrophotometer (Spectrumlab, China; λ = 625 nm and
absorbance between 0.08 and 0.100). Incubation
was carried out in an orbital shaking incubator
(Quimis, Diadema, SP, Brazil) at 37 °C for 24
hours and 72 hours, in which CFs were transferred
to Falcon tubes (15 ml) with 7 ml of AU every 24
hours, but without bacterial inoculum so as to allow
proper development of biofilms.
Once the incubation period was elapsed,
CFs were rinsed three times with 5 ml of a saline solution at 0.85% (SF) and sterilized before
they were transferred to Falcon tubes containing
7 ml of SF. Afterwards, CFs were homogenized
with glass pearls in tube shakers (Phoenix Luferco,
Araraquara, SP, Brazil) for two minutes, submitted
to serial decimal dilutions in microtubes with 450
µl of SF up to 10-5 (24 hours) and 10-7 (72 hours);
and diluted portions of 50 µl of in natura samples
were spread onto Petri dishes with Mannitol Salt
Agar (BD Difco™, Sparks, MD, USA) for S. aureus and Cetrimide Agar (BD Difco™, Sparks, MD,
USA) for P. aeruginosa. After incubation at 37 °C
for 48 hours in an incubator (Quimis, Diadema,
SP, Brazil), the bacterial load (CFU/CF) was determined with the help of a stereomicroscope under reflected light. Furthermore, negative controls
(without bacterial inocula) were used to assess the
sterility of culture media, AU, materials and reagents after incubation at 37 °C for 14 days.
Measurement of AU pH before and after
24 hours and 72 hours of incubation with bacteria was performed with pH indicator strips
(Kasvi, Curitiba, PR, Brazil). For the analysis
of biofilms formed in CFs by means of scanning electron microscopy (SEM), the samples
of biological material (biofilm) were fixed with
glutaraldehyde at 2.5% for at least 12 hours, dehydrated in series of alcohols (15%, 30%, 50%,
70%, 95%, and 100%) for 15 minutes for each
concentration, impregnated with gold and submitted to analysis by SEM Zeiss EVO 50 in the
Scanning Electron Microscopy Laboratory of the
Chemistry Department of the Philosophy, Arts,
and Science Faculty - USP, which belongs to the
Multiuser Equipment Program of the São Paulo
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Equal letters (a) indicate that there was no difference (p = 0.5651) between
experimental groups (Kruskal-Wallis test followed by the Student-NewmanKeuls method)

Figure 1. Comparison of biofilm formation through means of
bacterial loads (logCFU/CF) of Staphylococcus aureus in urinary
catheter fragments (Foley) - (CF) with different gauges (14 and
16) and exposure times (24 hours and 72 hours)

On the other hand, according to figure 2, there
was a difference between the means of bacterial
loads (logCFU/CF) of P. aeruginosa in the biofilm
with regard to different exposure times (24 hours
and 72 hours) for gauges 14 (p = 0.0046) and 16 (p
= 0.0162) of CFs. However, CF gauges did not have
an influence on biofilm formation of P. aeruginosa
in both exposure times, 24 hours (p = 0.5212) and
72 hours (p = 0.8307).
Acta Paul Enferm. 2018; 31(5):535-41.
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Different letters indicate that there is a difference (p < 0.05) and equal letters
indicate that there is no difference (p > 0.05) between experimental groups
(Kruskal-Wallis test followed by the Student-Newman-Keuls method).

Figure 2. Comparison of biofilm formation by means of means
of bacterial loads (logCFU/CF) of Pseudomonas aeruginosa in
urinary catheter fragments (Foley) - (CF) with different gauges
(14 and 16) and exposure times (24 hours and 72 hours)

With regard to pH values of AU samples before and after exposure time for biofilm formation
in CFs, they remained unchanged throughout the
whole experiment (pH = 6.1). Photomicrographs
(10.000×) obtained by SEM showed the formation
of biofilms composed of dense and large matrices
of extracellular polymeric substances and coccus
grouped as staphylococcus (S. aureus) (Figure 3), as
well as rod bacteria (P. aeruginosas) (Figure 4) in all
CF samples. According to figure 3, no difference
was seen in biofilm formation (S. Aureus) compared
to exposure time (24 hours and 72 hours) and CF
gauges (14 and 16).
In addition, the difference in biofilm formation
(P. Aeruginosas) was only observed as to exposure
time (24 hours and 72 hours) and not to CF gauges
(14 and 16) (Figure 4).

A) CF (gauge 14) with exposure time of 24 hours; B) CF (gauge 14) with exposure time of 72 hours; C) CF (gauge 16) with exposure time of 24 hours; and D) CF (gauge
16) with exposure time of 72 hours

Figure 3. Photomicrographs by SEM of urinary Foley catheter fragments (CF) with S. aureus biofilm formation
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A) CF (gauge 14) with exposure time of 24 hours; B) CF (gauge 14) with exposure time of 72 hours; C) CF (gauge 16) with exposure time of 24 hours; and D) CF (gauge
16) with exposure time of 72 hours

Figure 4. Photomicrographs by SEM of urinary Foley catheter fragments (CF) with P. aeruginosa biofilm formation

Discussion
The scientific literature presents a series of recommendations regarding the importance of the correct
choice of Foley catheters for prevention, especially urethral traumas, although there are few studies
about the approach to the correlation between the
gauges of these devices and biofilm formation.(14,15)
In our study, there was no influence of CF gauges
(14 and 16) on the means of bacterial loads (logCFU/CF) for S. aureus (p = 0.5651) (Figure 1) and P.
aeruginosa biofilms, exposure times of 24 hours (p
= 0.5212) and 72 hours (p = 0.8307) (Figure 2), as
well as in the SEM analysis (Figures 3 and 4). Foley
catheters used in clinical practice may enable the
inlaying of crystals and, consequently, the blocking
of lumen of these devices, since they are basically
made of latex, a material that is suitable for this is-

sue and for biofilm formation.(16) As an alternative
to reduce urethral inflammation, the use of silicone
Foley catheter was eﬃcient, but it was not able to
minimize biofilm formation.(17) By contrast, other
authors reported a decrease in risks of inlaying and
biofilm formation in silicone Foley catheters when
compared to those made of latex, depending on the
type of microorganism.(2,18)
Thus, biofilms can be formed by a single type
of bacteria or several species, with the possibility
of forming structures that are three-dimensional,
heterogeneous and highly resistant to physical and
chemical agents.(19,20) In this study, all samples of CF
made of latex and silicone formed S. aureus and P.
aeruginosa biofilms, separately. The microbial colonization and biofilm formation in Foley catheter
can begin right after its insertion, at a rate of 5%
to 10% a day, and by four weeks all devices will
Acta Paul Enferm. 2018; 31(5):535-41.
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be colonized. It is estimated that 50% of patients
with short-term Foley catheters (up to 7 days) get
CAUTI.(21,22) Biofilm formation in Foley catheters
is a process that depends on a series of physical and
chemical factors, such as the presence of nutrients
and urinary flow, design and length of exposure to
the device.(23)
Researchers have shown that Foley catheter exposure time for biofilm formation varies and depends on the type of microbial consortia and material. Therefore, it can occur right after the insertion
or up to 24 hours, or from 3 to 7 days.(16,24-27)In our
study, exposure times (24 hours and 72 hours) had
an influence only on biofilm formation of P. aeruginosa in both gauges 14 (p = 0.0046) and 16 (p =
0.0162) of CFs. These results suggest that exposure
time can affect biofilm formation, depending on
the bacterial type.
The urine of a healthy individual has an approximate pH of 6.0 Due to the bacterial metabolism, urine pH can increase and lead to the inlaying of calcium and magnesium crystals, as well as
biofilm formation in Foley catheters.(28) However,
in our study, pH values of AU samples before and
after exposure time for biofilm formation in CFs
remained unchanged throughout the whole experiment (pH = 6.1). This result might be explained
by the constant renewal of AU every 24 hours,
with the purpose of properly feeding and developing biofilms. In this way, this type of study is
essential due to its contribution to the progress of
scientific knowledge about the influence of variables such as time and gauge on biofilm formation in Foley catheters. It is also worth mentioning the pioneering spirit of nursing in the analysis,
by means of SEM, of microscopic morphology of
biofilms in the most commonly used devices in
clinical practice.
Therefore, care in the insertion and maintenance of Foley catheters are essential, in addition
to the identification of more prevalent microorganisms, since nursing and healthcare teams can prevent CUTAI. In addition, the influence of Foley
catheter exposure time suggested the need for constant monitoring, especially in longer periods, with
this device being removed as soon as possible. This
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study has some limitations that are inherent to an in
vitro experiment. Since this is not a research carried
out with human beings (artificial urine was used),
standard bacterial strains in biofilm formation with
a single bacterial species (single-species), exposure
times and gauges were defined. Therefore, the results cannot reflect clinical reality accurately.

Conclusion
All Foley catheter fragments, regardless of the gauge
(14 and 16 French gauge) and bacterial type (S. aureus e P. aeruginosa), had a biofilm formation in artificial urine with an unchanged pH. However, the
gauges did not show any significant difference in
biofilm formation, and exposure time had an influence only on P. aeruginosa biofilm.
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