Brazilian Journal of Microbiology (2005) 36:275-280
ISSN 1517-8382

DETECTION OF MIXED MICROBIAL BIOFILMS ON CENTRAL VENOUS CATHETERS

REMOVED FROM INTENSIVE CARE UNIT PATIENTS

Anisio Storti; Antonio CarlosPizzolitto; Elisabeth L oshchagin Pizzolitto*
Faculdade de Ciéncias Farmacéuticas, Universidade Estadual Paulista, Araraquara, SP, Brasil

Submitted: December 12, 2003; Returned to authors for corrections: September 09, 2004; Approved: September 20, 2005

ABSTRACT

Central venous catheters from intensive care unit patients were subjected to microbiological methods
(semiquantitative culture) and scanning electron microscopy in order to assess microbia attachment and
correlate it with blood cultures. During the period of the survey, 59 patients with inserted central venous
catheters were studied. The type of catheter used was nontunneled, noncuffed, single lumen, made of
polyurethane. Blood samples for cultures were collected at the moment of catheter removal. Data on the
patient’s age, gender, catheter insertion site, and duration of catheterization were also obtained. From 63
catheterstips analysed, 30 (47.6%) showed microbial colonization. Infection proved to be more prevalent in
26 (41.3%) patients with catheters inserted via subclavia vein than in 2 (3.2%) inserted via the jugular vein.
Infection was observed more frequently in catheters which were kept in place more than seven days. A.
baumannii, Citrobacter freundii, E. aerogenes, P. aeruginosa and S. saprohyticus were isolated as causal
agents of catheter-related bloodstream infections. The antimicrobial agent with greater in vitro activity
against Gram-negative bacteriawasimipenen and against Gram-positive were vancomycin, cefepime, penicillin,
rifampin and tetracycline. The SEM analyses reveal ed biofilms on surfaces of all the catheters examined.
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INTRODUCTION

Central venous catheters are widely used in criticaly ill
patients in intensive care units. However their use is often
complicated by catheter-related bloodstream infections (9,25).
Independent of the source of microorganisms colonizing
intravascular catheters, some of them have the capability of
causing catheter-related bloodstream infections (20), which
derive from a complex interaction between microorganism,
biomaterial and host, that determines the development of
infection (20). The pathogenesisof catheter-related bloodstream
infections has been associated to sessile multicellular
communities of microorganisms with individual bacteria cells
embedded in an extra-cellular polysaccharide matrix known as
biofilms, which development involvesinitial attachment of the
microorganism to asurface, theformation of microcolonies, and,

finally, differentiation of microcoloniesinto exopolysaccharide-
encased mature biofilms (4-9,11,14).

Examination of a contaminated central venous catheter by
scanning electron microscopy (SEM) showed the surface
covered with a biofilms, composed of host proteins and
microcol oniesof theinfecting organism encased in athick matrix
of glycocaliyx (dime) (15). Bothmicrobia (dime) and hogt (fibrin
and fibronectin) factors contribute to the formation of the
biofilm, which is essencial for the adherence and maintenance
of the colonization (22).

These infections can only be treated by removal of the
catheter, thus increasing the cost of treatment. It has been
estimated that biofilms are associated with 65% of nosocomial
infections (12). These findings have been considered the
pathogenetic basis for recommending the semiquantitative
culture technique as a usefull method of diagnosing catheter-
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related infections, since this technique cultures the external
surface of catheters (11,13,23), in which the growth of at least
15 colony forming units (CFU) has been considered evidence
of catheter infection and increase arisk of bacteremia(13). The
aim of this study was to detect, by the roll-plate method and
scanning electron microscopy (SEM), microbia biofilms on
central venous polyurethane catheters surfaces used in an
intensive care unit, to characterize the microorganisms
associated to these, and relate these findings to the risk of
bloodstream infection.

MATERIALSAND METHODS

Patientsand catheter evaluation assays

The present study was carried out on adult patients of both
sexes, between the ages of 20 to 88 years (63.2 years average),
hospitalized in an intensive care unit (ICU) at the northeast
region of the State of S&o Paulo. Patients were accepted into
the study after careful analysis, and inclusion was approved by
thelocal Ethics Committee of the hospital.

This study included all patients which were catheterized in
the ICU. Exclusion criteria were patients transferred to other
units of the hospital or who had the catheters removed
accidentally.

Over aseven months period, 59 out of 105 patientsfrom the
ICU receiving single lumen polyurethane central venous
catheters (20cm length, Becton, Dickinson IndUstrias Cirdrgicas,
JuizdeFora, MG, Brasil), were selected for the study. Depending
on the clinical diagnosis, catheterization was prescribed and
performed by the doctor on duty inthe ICU, in accordance with
the standard techniques, either through the subclavian or jugular
vein. The catheters were removed and 10mL of blood taken
from peripheral veins, by standard venipuncture, were cultured
using Oxoid Signal BC100 System (Hampshire, England), and
catheter tips were sent for culture using Maki semiquantitative
techniques (13).

The distal tips of the catheters (4 to 5 cm) were processed
and the inocul ated agar plates were incubated at 37°C for 72 h
and colonies enumerated. After semiquantitative culture, the
catheters tips were immersed in sterile Mueller Hinton broth
and incubated at 37°C overnight under orbital shaking (100rpm-
Marconi-Piracicaba, S&o Paulo, Brazil) (21). The objectivewas
toincrease the grow of microorganisms attached to the catheter
and facilitate SEM visualization of the biofilm. In vitro studies
have shown that bacteria in a liquid medium multiply on the
surfaces of catheters, and various amounts of glycocalyx are
evident (14,15).

Catheter-tip infection has been defined as microbial growth
of >15 cfu per semiquantitative agar plate (13) and catheter-
related bacteremia was considered to be present if the same
organism (species and antibiogram) was isolated from the
catheter-tip and blood cultures (22-25).
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I dentification of Microor ganisms
Identification were determined by using standard
microbiological procedures(4,16).

Antimicrobial Susceptibility Testing

Thisassay wascarried out according to NCCL S methodol ogy
(19). Theantimicrobia agentswereall obtained from Cecon-S&o
Paulo-Brasil and include cephal osporins (cephal othin, cefazolin,
cefuroxime, cefoxitin, cefotaxime, ceftazidime and cefepime),
penicillins (ampicillin, penicillin, amoxicillin, and oxacillin), beta-
lactamase inhibitor combinations (amoxicillin-clavulanate and
ticarcillin-clavulanate), carbapenems (imipenem), amonobactam
(aztreonam), fluoroquinolones (ciprofloxacin and levofloxacin),
aminoglycosides (amikacin, kanamycin, gentamicin, and
tobramycin), macrolides (azithromycin), glycopeptides
(vancomycin), and other drugs, such as clindamycin,
chloramphenicol, tetracycline, rifampin, and sulfamethoxazole.

Scanning electron micr oscopy

After overnight incubation all catheters tips were removed
from the tubes and kept for 15 min at room temperaturein 2.5%
glutaraldehyde in 0.1M phosphate buffer (pH7.1), dehydrated
using an ethanol series (15%,30%,50%,70%0,95% and 100%) for
15min each, dried in a vacuum centrifuge and sputter-coated
with gold. The inner and outer surfaces of the catheters tips
were examined by SEM (JEOL-JSM T330A- Japan) at 20kV and
photographed (21).

RESULTSAND DISCUSSION

The 59 patients from ICU studied had been hospitalized
from oneto fifthy-two days (13.7 day average). The pathologies
included: brain vascular accident 14 (23.7%), chronic kidney
insufficient 5 (8.5%), chronic pulmonary obstruction 11 (8.7%),
mellitus diabetes 5 (8.5%), traumatized 3 (5.1%), digestive
hemorrhage 2 (3.4%), anaphylactic shock 1 (1.7%) and others
pathologies 13 (22.0%). Central venous catheterswereinserted
either into theright subclavian vein 51 (86.4%), | eft subclavian
vein 4 (6.8%) or jugular vein 4 (6.8%). The patients were
catheterized for periods from 1-30 days (9.1 day average) and
catheters were removed for the following reasons. death 38
(64.4%), inflammation at the point of insertion 13 (22.0%), release
from hospital 3 (5.1%), pain 1 (1.7%), wrong position of catheter
1 (1.7%), suspension of intravenous therapy 1 (1.7%),
leucocytosis 1 (1.7%) and at the criterion of thedoctor 1 (1.7%).
From the 59 patients participating in the study, 63 catheters
were removed and analysed.

The results of semiquantitative cultures taken from the
catheter tips, showed that 30 (47.6%) had microorganisms
growth with >15 colony forming units, 11 (17.5%) growth of
microorganism with <15 colony forming unitsand in 22 (34.9%)
no microbial growth was observed.



From the cultures that showed growth, 180 strains were
isolated and 48 (44.5%) were classified as Gram-positive. Among
these, 32 were coagulase-negative Staphylococcus (29.6%),
including Staphylococcus cohnii 1 (0.9%), Staphylococcus
epidermidis 1 (0.9%), Saphylococcus haemolyticus 14 (13.0%);
Staphylococcus lugdunensis 2 (1.9%), Staphylococcus
saprophyticus 2 (1.9%), Saphyl ococcus xylosus 1 (0.9%), and
Saphylococcuswarneri 11 (10.2%); 9 were coagul ase-positive
Saphylococcus (8.3%) including Staphylococcus intermedius
8(7.4%) and Saphylococcus hyicus 1 (0.9%); 5 werediphteroid
rods (4.6%), and 2 Sreptococcus of viridansgroup (1.8%). From
the 57 Gram-negative bacteria (52.7%) isolated, 9 were
Acinetobacter baumannii (8.3%); 1 Acinetobacter Iwoffi (0.9%),
2 Burkholderia cepacea (1.9%), 1 Citrobacter freundii (0.9%),
5 Enterobacter aerogenes (4.6%); 4 Enterobacter cloacae
(3.7%), 1 Flavobacteriummeningosepticum (0.9%), 1 Klebsiella
ozaenae (0.9%), 18 Pseudomonas aeruginosa (16.7%); 1
Pseudomonas putida (0.9%), 1 Roseomonas spp (0.9%) and 2
Stenotrophomonas maltophilia (1.9%). Fungi, were also
isolated, including 1 Candida albicans (0.9%), 1 Candida
parapsilosis (0.9%) and 1 Candida lusitaniae (0.9%).

Findings of coagulase-negative Staphylococcus,
Pseudomonas aeruginosa and Candida albicans isolated from
catheter tips correspondswith datafrom other autors(8). Studies
have shown that C. albicans is the most commonly isolated
yeast, and other species are found with increasing freguency,
including C. parapsilosis, as notified by Safdar et al. (27), and
C. lusitaniae, observed Yoon et al. (28). Our data shows non-
albicans species isolation from catheter tip, such as C.
parapsilosis and C. lusitaniae. According to, Raad and Bodey
(23), infections due to Candida parapsilosis could be related
to catheter use. Yoon et al. (28) isolated C. lusitaniae from a
catheter tip suggesting it as the source of candidemia, and
revealed an increase in the incidence of serious infections
caused by this fungus, due to its sporadic resistance to
amphotericin B.

In relation to the frequency of isolation of coagulase-
negative Staphylococcus, it was observed with less frequency
than that seen by Moro et al. (18). The presence of
nonfermentative Gram-negative Pseudomonas aer uginosa and
Acinetobacter baumanii were noted with more frequency, in
agreement with the data reported by Morayta-Ramirez et al.
(17) and Karlowsky et al. (10). The presence of Flavobacterium
meningosepticum was noticed not only in our research, but in
the study of Murray et al. (16). These rods were found in
hospital environments, specially the intensive care units, and
were also named as Chryseobacterium meningosepticum, which
are the species most often associated with significant disease
in humans.

Our data showed that the bacteria isolated from catheter
tipsinvolved bacterial specieswhich are commensals with the
human body, or are common in the environments. Costerton et
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al. (4,6) noted that the skin bacterium Staphylococcus
epidermidis and the aquatic bacterium Pseudomonas
aeruginosa can cause chronic infectionsin compromised hosts.

In 14 (66.7%) blood cultures, 5 (23.8%) proved positive for
bacterial growth and 9 (42.9%) were shownto be negative. Table
1 lists the microorganisms responsible for contaminated
catheters, and cases with concomitant bacteremia.

Our findings suggest that 23.8% catheters were related to
bloodstream infections, a percentage much higher than that
reported by Maki (14), who noted that central venous catheters
pose a greater risk of device-related infection than does any
other indwelling medical device, with infections rates of 3 to
5%. Our data showed that A. baumannii was responsible for
18.2% of ICU-acquired bloodstream infections, after E.
aerogenes(36.4%) and P. aeruginosa (27.3%). Bullard and Dunn
(3) observed that Gram-negative bacteria was accounted for
approximately 30% of all episodes of bacteremia at most
institutions, and Enterobacter aerogenes, Enterobacter
cloacae, Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa were isolated. As recorded by
Karlowsky et al. (10), Pseudomonas aeruginosa and
Acinetobacter baumannii are the most prevalent
nonfermentative bacterial species isolated from clinical
specimens of hospitalized patients. Studiesfrom Blot et al. (2),
evaluating the clinical impact of nosocomial Enterobacter
bacteremiain critically ill patients, indicated that these bacteria
are increasingly emerging nosocomial pathogens because
antibiotic-resistant susceptibility patterns easily developed in
these pathogens.

In respect to the detection of biofilm on central venous
catheter surfaces, our data showed that microorganisms
attached on catheter surfaces formed microcolonies, produced
extracellular polymeric substances and encased the cells, which
wasin good agreement with Costerton et al. (6) and Donlan (7).
Theextracellular biofilm matrix visualized by scanning el ectron

Table 1. Microorganisms isolated from blood culture and
catheter tips.

Microorganisms Catheter Blood
tips cultures
n° % n° %
Acinetobacter baumannii 2 143 2 182
Candida lusitaniae 1 71 0 0
Citrobacter freundii 1 71 1 91
Enterobacter aerogenes 4 286 4 3p4
Pseudomonas aeruginosa 3 2214 3 273
Saphylococcus intermedius 2 143 O 0
Saphylococcus saprophyticus 1 71 1 91
Tota 14 100 11 100
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microscopy (Fig. 1) appear asamorphous material on asurface,
in agreement with Donlan (7).

All the contaminated catheters and bloodstream infections
showed agreement between the organisms isolated from the
blood and that detected on the catheter surface after SEM. This
agreement was based on morphology. By thecriteriapreviously
defined, cocci and rods forms were visualized on both surfaces
of the central venous catheters (Fig. 1), from all five patients
with bacteremia(Table 2).

Also, based on SEM observation, our results indicated a
universal colonization of the organisms on indwelling central
venous catheters by rods and cocci embbeded in the biofilm
(Fig. 1). The cocci, rods and yeast morphologies seen by the
SEM, and the detection of Staphylococcus intermedius,
Staphylococcus saprophyticus, Acinetobacter baumanii,

Figure 1. SEM image of theinternal surface of acentral venous
polyurethane catheter tip, from a patient with catheter-related
bacteremia, after cultivation in Mueller Hinton broth.

Table 2. Morphological aspects of microorganisms on catheter tip

surfaces from patients with bacteremia.

Enterobacter aerogenes and Pseudomonas aeruginosa
indicated that autochthonous skin organisms, as well as
intestinal microbiota or microorganisms common in the
environment, may play animportant rolein catheter colonization,
as suggested by Goldmann and Pier (9). In study, by definition,
infections caused by these microorganisms have one thing in
common: the presence of a plastic intravenous catheter.

The microbe-catheter interaction involves a series of
interrelated steps, including adherence, colonization and
dissemination (4-8). Other investigators using SEM, such as
Raad et al. (24), noted that biofilmswere commonly present on
central venous catheters and were associated with either outer
or inner catheter surfaces. Donlan (7) showed that virtually all
indwelling central venous catheters were colonized by
microorganisms embedded in abiofilm matrix, and Costerton et
al. (6) reported that the bacteria in many device-related
infections grow in matrix-enclosed biofilms that cannot be
penetrated by antibodies or by phagocytes. Moreover, the
sessile cells in these biofilms adopt a radically different
phenotype from floating (planktonic) cells of the same species,
and are much less susceptible to antibiotics.

Our results of susceptibility tests for A. baumanni, E.
aerogenes and P. aeruginosa cultured from blood are shownin
Table 3. Our findings showed that only carbapenemshad activity
against the A. baumanni isolates evaluated. Tetracycline,
tobramycin and sufamethoxazole inhibited in vitro 50% of the
isolates. Others antimicrobials were not active against this
organism. Karlowsky et al. (10) demonstrated that 96.6% of A.
baumannii isolated from ICU patients were susceptible to
imipenem, fewer isolates were susceptible to amikacin and
ticarcillin-clavulanate (80%); and <60% of isolates were
susceptible to ceftazidime, ciprofloxacin, gentamicin or
levofloxacin.

In relation to susceptibility testing it was noted that all E.
aerogenes strains were susceptible to imipenem and resistant
to third generation cephal osporins and beta-lactamase inhibitor
combinations. Our data are consistent with previous studies of
Sader etal. (26).

Our results showed that all P. aeruginosa strains
cultured from blood were susceptible to carbapenems.
However, ceftazidimedid not haveactivity against these
gtrains. Our findings are consistent with Sader et al.
(26), who noted that carbapenem (imipenem) isthethird

Patients Catheter tips Blood culture SEM andysis most active compound against this pathogen in Brazil,

1 Gram-negative rods Gram-negativerods  rods after meropenem and pi peracillin/taquactam. Also,

5  Gram-negativerods Gram-negativerods  rodsand cocci these authors observed that P. aeruginosa isolated

and Gram-positive cocci from ICU had atendency to express higher resistance

9 Gram-negative rods Gram-negativerods  rods and cocci rates. Karlowsky et al. (10) found >90% of isolates of

and Gram-positive cocci P. aeruginosa from hospitalized patients to be

10 Gram-negativerods Gram-negativerods  rods susceptible to amikacin; 80 to 90% of isolates to be

37 Gram-positive cocci Gram-positive cocci  rods, cocci suscentibleto cefenime, ceftazidime and imipenem; and
and yeasts and yeasts

7010 80% of isolatesto be susceptibleto ciprofloxacin,
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S R S R S R RESUMO
Amikacin (30ug) 0 2 1 3 1 2
Amoxicillin- Detecgédo de biofilmes micr obianos mistos
Clavulanate (30 1g) - - 0 4 - - em cateter svenosos de pacientesde
Ampicillin (10 ug) - - 0 4 - - Unidadesde Terapialntensiva
Aztreonam (30 ) 0 2 0 4 1 2
Kanamycin (30 1) - - 1 3 - - Cateteres venosos centrais inseridos em
Cephalothin (30 ug) - - 0 4 - - pacientes internados em unidade de terapiaintensiva
Cefazolin (3019) - - 0 4 - - foram avaliados por métodos microbiol égicos (cultura
Ceftazidima(30 ) 0 2 - - 0 3 semi-quantitativa) e microscopia eletrénica de
Cefepime (30 ug) 0 2 1 3 2 1 varredura a fim de detectar adeséo microbiana e
Cefotaxime (30 1g) 0 2 0 4 0 3 correlacionar com a cultura de sangue. Durante o
Cefoxitin (30 ug) - - 0 4 - - periodo de estudo, foram avaliados 59 pacientes com
Cefuroxime (30 1g) - - 0 4 - - cateter venoso central. A idade dos pacientes, sexo,
Ciprofloxacin (5 ug) 0 2 1 3 1 2 sitio de insercdo e tempo de permanéncia do cateter
Chloranphenicol (30pug) 0 2 1 3 0 3 foram anotados. O cateter era de poliuretano n&o
Gentamicin (10 ug) 0 2 1 3 1 2 tunelizado e de Unico Iimen. O sangue para cultura
Imipenem (10 ug) 2 0 4 0 3 0 foi coletado no momento da remocéo do cateter. De
Levofloxacin (5ug) 0 2 - - 3 0 63 pontas de cateteres, 30 (47,6%) foram colonizadas
Netilmicin (30 ug) 0 2 1 3 1 2 e ainfeccéio encontrada em 5 (23,8%) cateteres. A
Sulfamethoxazole(25ug) 1 1 1 3 0 3 infeccdo foi mais preval ente em 26 pacientes (41,3%)
Tetracycline (30 ug) 1 1 1 3 0 3 com cateteres inseridos em veia subclavia do que
Tobramycin (10 ug) 1 1 1 3 1 2 nos 3 (3,2%) inseridosem veiajugular. A infecco foi
Ticarcillin- 0 5 i i 0 3 observada com mais frequiéncia em cateteres com
calvulanate (10 1g) tempo de permanéncia maior do que sete dias. Os

gentamicin, levofloxacin, ticarcillin-clavul anate, and decreasesin
antimicrobial susceptibility (percents) in ICU patients was
observedfor ciprofloxacin, levofloxacin, and ceftazidime.

In the current study the susceptibility testing for Gram-
negative microorganismsisolated from catheter tips and blood
cultures showed that they were resistant to aminoglicosides,
aminopenicilins, third generation cephalosporins and
quinolones.

CONCLUSION

Our study suggests that the presence of biofilm on the
catheter surface can become a nidus of bloodstream infection
in patients. Future studies increasing knowledge of biofilm
formation on plastic surfaces and host interactions could
prevent and decrease this type of infection.

microrganismos isolados incluiram 32 estafilococos
coagul ase-negativa (29,7%), 61 bactérias Gram-
negativas (52,9%), 9 estafilcocos coagul ase-positiva
(8,3%) e 3 leveduras(2,7%). Como agentes causais deinfeccles
em unidade deterapiaintensivaforamisolados E. aerogenes, P.
aeruginosa, A. baumannii. Os antimicrobianos com maior
atividade in vitro contra as bactérias Gram-negativas foram o
imipenem e contra as Gram-positivas vancomicina, cefepime,
penicilina, rifampicinaetetraciclina. Asanalises por microscopia
€letrdnica de varredura revelaram biofilmes sobre a superficie
de todos os cateteres examinados.

Palavras-chave: biofilme, cateter-bacteriemia, cateter venoso
central, aderéncia de microrganismos
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