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ABSTRACT

Biofilm bacterial infectionsare common in patients undergoing treatment with haemodialysis. Thisstudy involved
16 patients (7 males, 9 femad es; agesfrom 22 to 81 with an average age of 50) who had had atotal of 25 temporary
haemodiaysis polyurethane catheter insertionsinto the subclavian vein (22 dual-lumen and 3triple-lumen). The
cathetersremained in place from 3to 91 days, on an average of 47 days. Thereasonsfor catheter removal were:
bad functioning (44%), suspicion of catheter-related infection (20%), availability of permanent access (16%),
accidental remova (12%), signsand symptoms of infection at the site of catheter insertion (4%), and exogenous
contamination (4%). Positivetip cultureswere observed on seven of the catheters (28%), showing three positive
blood cultures. The Saphylococcus aureus were identified in 12% of the blood cultures and isolated from one
of the hubs, and biofilms were observed on all catheter tips. The S aureus retrieved from both blood and
catheters (tipsand hubs) wereresistant to penicillin and susceptibl eto azithromycin, ciprofloxacin, clindamycin,
chloramphenicol, gentamicin, oxacillin, rifampin, sulfamethoxazole, tetracycline, and vancomycin. The S aureus
strains isolated from both blood and catheters (tips and hubs) were considered to be identical based on

antibiotic susceptibility patterns and genetic similarity assessed using an automated ribotyping system.
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INTRODUCTION

Staphylococcal infections, particularly those caused by
Staphylococcus aureus, produce substancial morbidity and
mortality in haemodialysis patients (2). Prosthetic devices
provide sites for staphylococci colonization. The importance
of prosthetic material as a determinant of infection is reflected
inthe variable rates of sepsis associated with different types of
vascular haemodialysis access (36). The use of central venous
haemodialysis polymer-made catheters, is a risk factor for
infections, and is aleading cause of S. aureus bacteremia (31).
The pathogenesis of catheter-related infectionsis multifactorial,
andisacrucial stepintheadherenceof S aureusto the polymer
surface (2). Themicroorganismson catheter surfacesarein two
forms: the sessile form, whereby organisms are embedded in a
biofilm (38), believed to be responsible for the increased

resistanceto antibiotics (13,21), and the planktonic free-floating
form, in which the organisms disseminate (13,24,38). Studies
involving transmission and scanning el ectron microscopy have
shown that almost al indwelling vascular catheters, even those
for which quantitative catheter cultures are negative, are
colonized by microorganisms, usually embedded in a biofilm
layer (38). The aim of the present study was to detect bacterial
biofilms on central venous haemaodialysis catheters and hubs,
using scanning electron microscopy, as well as semi and
guantitative culture methods.

MATERIALSAND METHODS

The present study was approved by a committee of ethics
and involved 16 patients (7 males, 9 females; agesfrom 22 to 81
years, average age of 50). Studieswere carried out from January
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to October, 2002. A total of 25 polyurethanehaemodialysis catheter
tipswere collected aseptically from patientswho had had didysis
cathetersinserted into the subclavian vein for periods of 3to 91
days (average of 47 days). Catheters were removed when no
longer required, or when there was a suspicion of complication.

The catheterswere removed aseptically, and a5-cm segment
of thetipswas cultured semiquantitatively, by rolling them back
and forth across the surface at least four times, on a 5% sheep-
blood agar plate. Colonies were counted after 48 to 72 h of
incubation at 35°C (26). The criterion for positivity was when
more than 15 colony-forming units wereisolated.

Catheter cultureswere performed by amodified quantitative
method described by Cleri et al. (7), and carried out by flushing
the catheter lumen with 4mL of Trypticase Soy Broth (TSB;
BBL Microbiology Systems, Cockeysville, Md.), whichwasthen
diluted 10-fold, and each dilution (0.1mL ) was streaked onto 5%
sheep-blood agar plates. The agar plates were incubated at
37°C for 72 hours. The culture was considered positive if more
than 1,000 colony-forming units wereisolated.

Cultures of the catheter hubs were obtained by brushing
theinner surfaceswith asterilized conic brush (19), followed by
immersion of the brush into Mueller Hinton broth (2mL), in
order to determine the presence or absence of microorganisms.
Cultures of blood were made and compared with semi- and
quantitative cultures from the catheter tips. Scanning electron
microscopy was used to analyze both the catheters tips and
conic brushes (37). Blood sampleswere drawn from a peripheral
vein for culture in an automated system (BACTEC 9050 with
BACTE PLUSbottles). Positive specimensweretransferred onto
MacConkey, Blood, and Chocolate agars. The strains isolated
wereidentified by using the same method asMurray et al. (30).
Antibiotic susceptibility studies were performed using disk
diffusion on agar as described by Bauer et al. (3) and S. aureus
strains were tested for susceptibility to azithromycin,
ciprofloxacin, clindamycin, chloramphenicol, gentamicin,
oxacillin, penicillin, rifampin, sulfamethoxazole, tetracyclineand
vancomycin (Cecon, S8o Paulo, SP, Brasil) asrecommended by
NCCLS-M100-S12 (34). The Staphylococcus aureus isolated
from blood, catheter tips and hub were ribotyped using the
RiboPrinter® Microbial Characterization System (Qualicon,
Wilmington, Del., EUA) asdescribed by Bruce (5) isautomated
process includes bacterial cell lysis, and cleavage of the DNA
using the restriction enzyme Smal, size separation using gel
electrophoresis, and modified Southern blotting. The DNA
fragmentswere hybridized with alabelled DNA probe (derived
from a Staphylococcus aureus rRNA 16S), and the bands
detected using a chemiluminescent agent. The images were
photographed and stored in the system computer. Each lane of
sample data was normalized to a standard marker set and band
intensity, and then compared with reference patterns. Similarity
coefficientswere cal cul ated based on both position and rel ative
band weight (17,22).

S aureus hiofilms on catheters

RESULTSAND DISCUSSION

Biofilms on central venous catheters have routinely been
detected by a semiquatitative procedure, in which the
quantification of the biofilm on the catheter tip is dependent
upon the number of organisms that are recovered by contact
on the agar surface (13). A number of investigators have used
this procedure to quantify biofilms and determine the
relationship between biofilm formation and bloodstream
infection (1). However, thistechniquewill not detect organisms
on the inner lumen of the catheter and is unable to detect more
than 1,000 CFU per tip (13). Cleri et al. (7) used quantitative
broth culture of the inside of intradermal and intravascular
segments by flushing and plating serial broth dilutions. They
found that the growth of more than 1,000 CFU from a segment
was associated with bacteremia.

In our study, positive tip semiquantitative cultures were
obtained from 10 catheteres (40%), data consistent with
findingsof Almirall et al. (1), 55%. The quantitative procedure
showed that 4 catheters (16%) had 10° or more CFUs per
milliliter, while cultures were negative in 18 (72%). Focusing
on catheters cultured by both methods (roll plate and flushing),
3 concomitant positive blood cultures were obtained. As
reported by othersauthors, the Cleri (7) and Maki (26) methods
have been compared and have produced comparable results
(24,42), but the semiquantitative procedure proved to be easier
and faster (6).

Studies have shown that the more organisms present on the
catheter, particularly those embedded in the biofilm layer, the
higher the likelihood of infection (25,41). In our research, the
causative microorganismsof the catheter-related infectionsand
cases with concomitant bacteremia are listed in the Table 1.

Our data showed that the hub culture was positive only in
one patient with bacteremia. A total of 53 catheter hub cultures
weretaken during the period of study. Of these, 4 (7.5%) yielded
6 isolates: S. aureus, 1; Stenotrophomonas maltophilia, 2;
Enterobacter aerogenes, 1; Enterobacter sakazaki, 1;
Chryseobacterium meningosepticum, 1. Nicholsand Raad (33)
reported that the pathogens associated with hub contamination

Table 1. Causative microorganismsof catheter-rel ated infection,
their incidence and concomitant cases of bacteremia

Microorganisms N°of Cases Bacteremia

Staphylococcus aureus 3 3
Diphteroid rods 3 0
Staphylococcus warneri 2 0
Staphylococcus epidermidis 1 0
Stenotrophomonas maltophilia 1 0
Tota 10 3
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in their study were Acinetobacter sp, Candida albicans,
Candida parapsilosis, Pseudomonas aeruginosa and
Stenotrophomonas maltophilia. They noted that hub
contamination occurs more oftenin cathetersin placefor longer
than 30 days, because of more frequent manipulations. In our
study, catheterswerein placefor no longer than 3 days, and the
positive S. aureus culture from the hub occurred in only one
case, and thiswas obtained on the same day asthe blood sample
fromwhich S aureus was cultured (Table 2). Hub colonization
playsanimportant rolein catheter-related bloodstream infection
(23,40,42). The detection of hub colonization with the same
microorganism recovered from the blood shows that hub
contamination is important in the pathogenesis of catheter
related infections (40).

Our resultsalso showed that bacteremiacaused by S aureus
with the same antibiotic sensivity pattern was observed in 3
patients (30%). None of the S. aureus strains were methicillin
resistant, and all strains (100%) were resistant to penicillin,
contrary to other studies, such as, Nielsen et al. (32), who
reported 86% penicillinresistant S aureus. Marr etal. (29) found
that 25% of S aureuswere characterized asmethicillin resistant,
and Kairatis and Gottlieb (20) reported 20-40% of methicillin
resistant S. aureus associated to hemodialysis catheter-related
bacteremia

Data from the automated ribotyping system used to type S
aureus showed that the patterns of groups obtained were similar
for al strainsexamined (Table 3). The sameribogroup from blood
isolates was also recovered from the catheter tip in three cases,
and from the hub in one case (Table 2-3).

Asreported by Hung et al. (18) and Nielsen et al. (32), the
microorganisms most frequently isolated during catheter-
associated bacteremia are S aureus and S epidermidis. They
reach the bloodstream of the patients via the catheter tunnel or
via the catheter hub. The attachment of the bacteria to the
catheter surface depends on the interactions, first, of the host,

Table 2. Catheter tips and hubs cultures compared with blood

Table3. Distribution of the S. aureusribogroupsamong isolates
from blood and catheters.

Patients Isolation site  Microorganisms  Ribogroup
1 Blood S aureus 222-108-S-2
Catheter tip S aureus 222-108-S-3

5 Blood S aureus 222-108-S4
Catheter tip S aureus 222-108-S4

Hub S aureus 222-108-S-6

7 Blood S aureus 222-109-54
Catheter tip S aureus 222-109-S4

which reacts to the catheter as a foreign body by forming a
thrombin rich in fibrin and fibronectin, two substances that are
tightly adhered to by S aureus (39). Secondly, the microbia
factors consists of the production of fibrous glycocalyx, also
known as extracellular slime, that constitutes the matrix of the
biofilm (8,9) The third factor that plays arolein the attachment
processisthe catheter material . Asreported by Pascual (35), the
adherence of different microorganisms to, and their survival in
catheters is promoted not only by bacterial factors, but also by
bacterium-deviceinterations. Several investigators have shown,
for example, that S aureus adhere better to polyvinylchloride
cathetersthan to Teflon catheters (39). In our research, we studied
dual and triple-lumen catheters made of polyurethane. As
reported by Butterly and Schwab (4), the dual-lumen catheters
are usually made of polyurethane or polyvinyl and are suitable
for short-term use of afew daysto afew weeks.

Scanning electron microscopy has been used in the
research setting to evaluate catheter colonization (12). In the
current study, electron microscopic examinations of catheter
tips demonstrated endoluminal and extraluminal biofilms on

all catheter-related infections. Fig. 1 showsthe S aureus

biofilm on a central venous catheter, as confirmed by the
presence of both bacterial cellsand extracellular polymeric
substances. Our data are consistent with others, such as
Donlan et al. (14), who examined by scanning electron

microscopy needleless conectors attached to central

venous catheters shown to develop microbial

contamination as biofilms. Marrie and Costerton (27) and
Marrie et al. (28) related that Staphylococcus aureus

isolates and .
Catheters Cultures
Number  Bjood Catheter culture Hubs
SQC QC H1 H2 H3
1 S aureus S aureus S aureus 0] GO 6
(°15) (<109
5 S aureus S aureus S aureus S aureus (-) (9
(°15) (>109)
7 S aureus S aureus S aureus 0] (O 6
(°15) (>109

biofilm has been observed on surfaces ranging from
intravascular catheters to pacemaker leads. Cunningham
and Cheesbrough (10) noted that Staphylococcus aureus
is capable of biofilm formation, which increases its
persistence and boosts its levels of antimicrobial
resistance.

In the current study, all Sahylococcus aureus isolates

SQC=semiquantitative culture; QC=quantitative culture.
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Figure 1. Scanning electron microscopic image of the internal
surface of acentral venous polyurethane catheter segment from
apatient with catheter-rel ated Saphyl ococcusaureus bacteremia.

ribotyping. All isolates showed in vitro susceptibility to oxacillin
and vancomycin. The percentages of isolates resistant to
penicillintotalled 100%, datanot consistent with Dijk et al. (11),
who found 72% isolates resistant to penicillin, in contrast to the
present study, there was only methicillin-susceptible S. aureus
(MSSA). Asrecorded by Emori and Gaynes (15) Saphylococcus
aureusisamajor pathogen associated with serious community-
acquired and nosocomial disease. Enright et al. (16) observed
that the majority of infections acquired in the community and
hospitals are caused by methicillin-susceptible Saphylococcus
aureus (MSSA). Dijk et al. (11) noted that most attention has
been focused on the caracterization of methicillin-resistant S
aureus (MRSA), but not much is known about the structure of
methicillin-susceptible (MSSA). Enright et al. (16) stated that it
isunclear whether some M SSA clonesthat arecirculating within
the community or in hospitals have a particular ability to cause
serious infections.

In our study, a genetic analysis of MSSA was made
using the RiboPrinter Microbia Characterization System, which
showed that the S. aureus strainswere similarly (>81%). Dijk et
al. (12) noted that agenetic variation between S aureusisolates
involving nonhospitalized individuals is limited, however a
cross-transmission could not be excluded, and could occur via
the hands of health care workers, handling catheters, hubs,
ventilators, stethoscopes, and ultrasound instruments, which
could be reservoirs for S aureus. A genetic analysis suggests
that most staphylococcal infections arise endogenously.
Balaban et al. (2) related that the major risk factor for infection

S aureus hiofilms on catheters

with S aureus in dialysis patients are carriers of S. aureus, in
which the nasal areaincreasestherisk of S. aureus bacteremia.

CONCLUSION

This study proned the presence of methicillin-sensitive
Staphylococcus aureus (MSSA) in biofilm formation. The
biofilms have been shown by scanning electron microscopy to
be universally present on central venous catheters either on
the outer part of the catheter or theinner lumen. Further studies
are necessary to aid in ways to prevent the biofilm formation,
and strategies for control.
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RESUMO

Biofilmes de Staphylococcus aureus em cateter venoso
central em hemodialise

AsinfeccBes devido a biofilmes bacterianos sdo comunsem
pacientes sob tratamento em hemodidlise. Neste estudo, 16
pacientes (7 homens, 9 mulheres, de 22 a81 anos, média’50 anos
de idade), com um total de 25 cateteres de hemodidise (3 de
triplo-limen e 22 de duplo-limen) de poliuretano inseridos em
veiasubclaviaforam estudados. Os cateteres permaneceram no
local de 3 a 91 dias (média de 47 dias). Os cateteres foram
removidos devido ao: mau funcionamento (44%), suspeita de
infeccéo rel acionada ao cateter (20%), viabilidade de um acesso
permanente (16%), remocdo acidental (12%), sinais e sintomas
deinfeccéo nolocal dainser¢éo do cateter (4%) e contaminagdo
exogena (4%). Culturas positivas de ponta foram observadas
em sete cateteres (28%), concomitantemente com trés culturas
positivas de sangue. Das culturas de sangue foram identificados
Saphylococcus aureus (12%) e deumadas conex8esfoi isolado
S aureus. Biofilmes foram observados sobre todas as pontas de
cateteres. Os S aureus isolados do sangue e cateter (ponta e
conexao) eram resistentes apencilinae sensiveisaazitromicina,
ciprofloxacina, clindamicing, cloranfenicol, gentamicina, oxaciling,
rifampicina, sulfametoxazole, tetraciclinaevancomicina. Ascepas
de S aureus isoladas de sangue, ponta de cateter e conex&o
foram consideradas idénticas devido a coincidénciado perfil de
sensibilidade. E similaridade genética, avaliada por meio de
riboti pagem.

Palavras-chave: biofilme, cateter em hemodialise, cateter
venoso central, infeccBes relacionadas ao cateter
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