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Abstract 1 

Staphylococcus lugdunensis is an unusually virulent coagulase-negative species, 2 

which causes infection and is as aggressive as S. aureus. We evaluated the presence of 3 

genes coding for virulence factors such as fibrinogen-binding protein (Fbl), hemolysin 4 

(SLUSH) and biofilm and their respective proteins in one S. lugdunensis type strain and 23 5 

clinical isolates from Rio de Janeiro hospitals. PFGE clonality data were associated. 6 

Antimicrobial susceptibility was also evaluated by the disk-diffusion test. The PCR method 7 

detected the presence of fbl, slush and ica virulence genes in all isolates. Protein products 8 

were detected by Western-blotting, synergistic hemolytic activity and polystyrene 9 

adherence in microtiter plates, respectively. All isolates produced the Fbl protein and, with 10 

the exception of the type strain, all isolates also produced the SLUSH hemolysin. Fourteen 11 

(60.9%) isolates produced biofilm. One isolate was methicillin-resistant and carried the 12 

mecA gene, but 18 (78.3%) isolates were sensitive to all drugs tested. Four different PFGE 13 

genotypes were detected and 12 (52.2%) isolates belonged to genotype A. Ten (83.3%) of 14 

these were biofilm-producers. All strong biofilm-producing isolates, including three with 15 

rough colony morphology showed the same prevalent PFGE pattern. The extensive 16 

presence of virulence factors in the S. lugdunensis isolates evaluated, with highlight for the 17 

prevalent genotype, could explain the incredible ability of this pathogen to cause infection 18 

as aggressive as S. aureus. 19 

Key words:  S. lugdunensis, virulence, Fbl, SLUSH, biofilm, drug susceptibility, PFGE 20 

 21 

 22 

 23 

 24 

 25 
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Introduction 1 

Coagulase-negative staphylococci (CNS), which often occur as skin commensals, 2 

are rare opportunistic pathogens of low virulence
1
. Staphylococcus lugdunensis was first 3 

described in 1988
2
. It colonizes the inguinal area and is an unusually virulent CNS, being 4 

both a skin commensal and a pathogen responsible for nosocomial and community-5 

acquired infections. These infections can range from superficial skin lesions to life-6 

threatening endocarditis, that proceed aggressively and with a level of severity reminiscent 7 

of that of S. aureus infections
3
.  8 

Like S. aureus, this pathogen can produce clumping factor, a thermostable DNAse 9 

and a variable percentage of these strains produce extracellular slime, esterase, protease, 10 

lipase and hemolysin
4
. The fibrinogen binding protein of S. lugdunensis (Fbl) was already 11 

described
5
 and contributes to cell adhesion to extracellular matrix and appears to be an 12 

important factor in S. lugdunensis endocarditis
6
. The protein is encoded by the fbl gene, 13 

being closely related with the S. aureus clumping factor A
7
.  14 

S. lugdunensis can also produce a synergistic hemolysin (SLUSH – S. lugdunensis 15 

synergistic hemolysin) non-agr (accessory gene regulator) regulated and phenotypically 16 

similar to the delta-hemolysin of S. aureus. Biofilm formation is widely reported in the 17 

literature and has long been associated with staphylococcal virulence
8
. Like S. aureus and 18 

S. epidermidis, S. lugdunensis is able to form biofilm, but the Poly-N-Acetylglucosamine 19 

(PNAG), also called polysaccharide intercellular adhesin (PIA) and codified by the 20 

icaADBC locus, is not the major component of S. lugdunensis biofilm matrix
9
.   21 

In relation to genotypic diversity of strains, a few profiles have been described for 22 

this staphylococcal species. In a previous work, six genotypes among 39 isolates evaluated 23 

demonstrated a relatively low diversity. In Brazil, no data are available on characterization 24 

of S. lugdunensis strains isolated from clinical specimens. In this study we evaluated by 25 
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molecular and phenotypic methods virulence factors in 23 S. lugdunensis clinical isolates 1 

from Rio de Janeiro hospitals, and associated PFGE clonality data. Antimicrobial 2 

susceptibility was also evaluated. 3 

 4 

Materials and Methods 5 

 6 

Bacterial strains 7 

 We evaluated 23 S. lugdunensis clinical strains identified previously
11

 from the 8 

collection of the Laboratório de Infecções Hospitalares that were obtained from seven 9 

hospitals in Rio de Janeiro, Brazil. Some general data related to these isolates are listed in 10 

Table 1.  11 

The following control strains were used: S. lugdunensis DSMZ 4804 (type strain), 12 

S. aureus ATCC 25923 and 29213
12

; S. intermedius ATCC 49052 (β-haemolysin 13 

producer)
13

, S. epidermidis ATCC 35984 (biofilm positive control) and ATCC 12228 14 

(biofilm negative control), S. haemolyticus ATCC 29970 (slush gene negative control) and 15 

E. coli ATCC 25920 (negative control for Fbl production). 16 

 17 

Detection of genes that encode virulence factors   18 

a) Primer design 19 

The sequences of the primers for detection of fbl and ica genes were previously 20 

published
11,14

. Primers for slush gene detection were designed in this study. The slush gene 21 

sequence was obtained from GenBank sequence database (accession number: U73444). 22 

Primers were designed by using the OligoAnalyzer (Integrated DNA Technologies, 23 

Coralville, IA, USA) and BioEdit (Ibis Biosciences, Carlsbad, CA, USA) primer 24 

specificity was tested against data base sequences using blast searches 25 
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(http://blast.ncbi.nlm.nih.gov). Oligonucleotides were purchased from Bioneer, Inc 1 

(Alameda, CA, USA). 2 

b) DNA extraction 3 

Five to six bacterial colonies previously grown on agar base (Oxoid) supplemented 4 

with 5% sheep blood were suspended in 100µl of TE (10mM Tris, 1mM EDTA, pH 7.8) 5 

buffer and heated to 100°C for 10min. After centrifugation at 20,000 x g for 30sec, the 6 

supernatant was collected for the PCR reaction
15

. 7 

 8 

c) PCR detection  9 

PCR was performed according to published protocols for detection of a fbl gene 10 

fragment of 425 bp
11

 and an ica gene fragment of 287 bp
14

. For slush gene fragment 11 

amplification, the PCR mix component concentrations were the same as used for the fbl 12 

amplification reaction. The primers used were slush-F 13 

(
5’

GAGGCACACAATAAAGGAG
3’

) and slush-R (
5’

CCTGACATGTAAATCCACTC
3’

). 14 

The amplification conditions were: denaturation for 3min at 92
o
C, followed by 30 cycles of 15 

92
o
C for 1min, 56

o
C for 1min and 72

o
C for 1min, with final extension at 72

o
C for 3 min. A 16 

203 bp amplicon was expected. Amplified products were analyzed by 1% agarose gel 17 

electrophoresis, stained with ethidium bromide and visualized on UV transilluminator 18 

 19 

Analysis of virulence factors production 20 

 21 

a) Fibrinogen-binding protein (Fbl)  22 

The Western-blotting technique was performed as published previously
16

 with 23 

modifications. Membranes were incubated with S. lugdunensis anti-Fbl polyclonal 24 

antibodies diluted 1:1000 for 2h. Immune reactivity was detected by incubation with 25 
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peroxidase-conjugated goat anti-rabbit immunoglobulin G diluted 1:2000 (KPL, 1 

Gaithersburg MD, USA) for 40 minutes. Bound antibodies were detected using a solution 2 

of DAB [3.3 Diamino benzidine tetrahydroclhoride, Sigma] (0.5 mg/mL) and hydrogen 3 

peroxide (0.01%) in PBS (pH=7.4).  4 

 5 

b) Synergic hemolysis (SLUSH) 6 

Detection of SLUSH production was performed as published previously
13

. Briefly, a 7 

strain of S. intermedius (ATCC 49052) was streaked vertically on the center of a base agar 8 

plate containing 5% of sheep blood, and test strains of S. lugdunensis were streaked 9 

perpendicularly, without touching the Staphylococcus intermedius inoculum. The plates 10 

were incubated aerobically at 35°C for 18 to 20 h and then kept at room temperature for 4 11 

to 6 h before the reactions were read. A zone of complete hemolysis (where the test strain 12 

was growing) within the zone of incomplete hemolysis caused by the beta lysin from the S. 13 

intermedius growth was considered a positive test. 14 

 15 

c) Biofilm formation  16 

The ability of S. lugdunensis to attach and form biofilm on sterile 96-well polystyrene 17 

microtiter plates (TPP® 92096) were tested as follows
17

: An aliquot of 10
4
 CFU was added 18 

to 100 µL of TSB supplemented with 1% glucose (w/v), previously distributed in the 19 

wells. The plates were incubated at 35% for 24h. The contents of each well was gently 20 

aspirated with a multichannel pipette and discarded, and the biofilms remained on the 21 

well’s surface. The plates were washed twice with Phosphate Saline Buffer (PBS) pH 7.4 22 

and the adherent organisms were stained with violet crystal (2%) for 15 min. The 23 

absorbance at 570 nm was determined in a Microplate Reader Benchmark (Bio-Rad). Each 24 

assay was performed in triplicate and repeated three times. Strains were divided into the 25 
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following categories: no biofilm producer (–), weak biofilm producer (+), moderate 1 

biofilm producer (++), and strong biofilm producer (+++), using as control the wells 2 

inoculated with non-biofilm producing strain (S. epidermidis ATCC 12228).  3 

 4 

PFGE profile analysis 5 

All S. lugdunensis isolates were typed by PFGE, as published previously
11

. 6 

 7 

Susceptibility tests 8 

S. lugdunensis isolates were evaluated by the disk diffusion test
18

, using the 9 

antimicrobial agents chloramphenicol, ciprofloxacin, clindamycin, erythromycin, 10 

gentamicin, penicillin, rifampin, teicoplanin, tetracycline, trimethoprim–sulfamethoxazole 11 

and vancomycin (Cecon, São Paulo, Brazil), and cefoxitin, oxacillin, linezolid, mupirocin 12 

and tigecycline (Oxoid, Cambridge, UK). All results were analyzed according to pre-13 

defined guidelines
18

, except for mupirocin
19

. 14 

Detection of the mec gene was performed by PCR
15

. 15 

 16 

RESULTS 17 

Phenotypic and molecular analysis of virulence factors 18 

Fbl protein production was detected by Western-blot analysis using S. lugdunensis 19 

lysates and anti-S. lugdunensis -Fbl polyclonal antibodies (Figure 2A). The test revealed 20 

the presence of two bands (~160 and ~120 KDa) in all 23 clinical isolates and the reference 21 

strain DSMZ 4804. The bands were characteristic for the Fbl precursor and Fbl, 22 

respectively, as reported previously
16

. Protein lysates of S. aureus ATCC 25923, S. 23 

epidermidis ATCC 12228 and E. coli ATCC 25922 were used as negative controls. Two 24 
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discrete protein bands (~60 and ~220 KDa) characteristic of S. aureus and S. epidermidis 1 

were observed. All strains were positive for the fbl gene as shown in Table 1. 2 

Detection of SLUSH production was performed using the synergic hemolysis test. 3 

Figure 2B shows a plate with SLUSH producing S. lugdunensis isolates. All 23 S. 4 

lugdunensis clinical isolates produced hemolysin and, curiously, the type strain did not 5 

express SLUSH. The slush gene fragment was detected in all isolates (Table 1).  6 

All isolates were positive by PCR for the ica gene. Fourteen (60.9%) clinical 7 

isolates produced biofilm, 5 (21.8%) being strong biofilm-producers, 4 (17.4%) moderate 8 

biofim-producers and 5 (21.8%) weak biofilm-producers. These results are shown in Table 9 

1 and Figure 2C. Three strong biofilm-producers presented rough colony morphology 10 

(Figure 3). 11 

 12 

PFGE profile analysis 13 

 Twenty different restriction profiles distributed over four genotypes (A to D) were 14 

described (Table 1). PFGE patterns and the dendogram are shown in Figure 1. Genotype A 15 

was the most frequent (12 isolates, 11 pulsotypes). Among the isolates from this genotype, 16 

10 (83.3%) were biofilm-producers. All five strong biofilm-producers belonged to this 17 

genotype.  18 

 19 

Susceptibility tests 20 

 Eighteen (78.3%) isolates were sensitive to all drugs tested. Resistance was found 21 

for five isolates, two being only resistant to penicillin, one resistant to penicillin and 22 

tetracycline, one resistant to eritromycin and clindamycin (inducible phenotype detected by 23 

the D test) and one resistant to oxacillin, cefoxitin, penicillin and cloramphenicol (Table 1). 24 

The cefoxitin-resistant isolate carried the mecA gene, which was detected by PCR.  25 
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 1 

Discussion 2 

 S. lugdunensis is an unusually virulent CNS able to produce an arsenal of 3 

substances that contribute to its virulence and aggressiveness, with an infection pattern 4 

similar to that described for S. aureus
3
. Some studies have described virulence factors in S. 5 

lugdunensis isolates associated with adhesion (Fbl, von Willebrand-factor binding protein 6 

and biofilm production)
5,9,16

 and invasion (hemolysins, esterase, lipase and proteases)
20,21

. 7 

However, although this staphylococcal species was first described more than two decades 8 

ago, virulence genes and their products in association have been rarely detected among 9 

clinical isolates.  In this study, we detected in all 23 S. lugdunensis clinical isolates 10 

evaluated the fbl, slush and ica genes. Although 39% of the isolates did not form biofilm, 11 

all expressed the Fbl and SLUSH proteins. The Fbl protein is an important adhesion factor 12 

that contributes to the virulence model of S. lugdunensis. The exceptional ability of Fbl to 13 

interact with fibrinogen was described in a recent study
7
, where the authors evaluated its 14 

fibrinogen binding performance by isothermal titration calorimetry (ITC), and found it to 15 

be similar to that of ClfA protein from S. aureus.  Since all strains in our study were able to 16 

produce the Fbl protein, it is possible that the protein is expressed constitutively by S. 17 

lugdunensis, contributing to its adhesion in host tissues and prosthetic materials.  18 

As expected, anti-S. lugdunensis -Fbl antibodies reacted weakly with proteins (~60 19 

and ~220 KDa) of S. aureus and S. epidermidis, probably due to extensive similarity of Fbl 20 

of S. lugdunensis with ClfA and Fbe proteins of S. aureus and S. epidermidis, 21 

respectively
5
. Although the predicted molecular weight of Fbl protein is about 90 KDa the 22 

signal corresponding to Fbl protein was observed in ~170 KDa. As ClfA and other 23 

fibrinogen-binding proteins, Fbl migrates aberrantly in SDS-PAGE at close to twice the 24 

predicted size
22

. 25 
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All strains in our study were positive for synergic hemolytic activity (SLUSH). 1 

Although all strains presented the slush gene, firstly detected by PCR in a collection of 2 

clinical isolates, the type strain DSMZ 4804 was PCR negative for SLUSH, suggesting that 3 

this strain was not expressing the corresponding protein. In a previous report
23

, this gene 4 

was detected by southern-blotting in a group of 14 clinical strains, whereas Hebert (1990) 5 

observed the SLUSH production among clinical isolates from several clinical sites. The 6 

authors believe that the production of this hemolysin can be relevant for the pathogenicity 7 

of S. lugdunensis. The SLUSH peptides share 32% homology with a part of the central 8 

domain (aa 300 to 450) of the SipB invasion protein from Salmonella typhimurium, which 9 

contains a potential membrane-spanning region, suggesting that this molecular complex 10 

can be a tool for a S. lugdunensis infection model
21

. 11 

 Biofilm formation was previously characterized, either by detecting the presence of 12 

the ica gene
9,24

 or by the detecting biofilm production on microtiter plates
9
. In this study, 13 

we observed that S. lugdunensis is able to produce large amount of biofilm matrix. This 14 

finding could explain the success of this pathogen in causing native and prosthetic valve 15 

endocarditis
6
. An interesting result of our work was the isolation of strong-biofilm 16 

producer strains showing a singular rough colony morphology, like Bacillus colonies but 17 

uncommon for staphylococcal colonies, and high hydrophobicity (data not shown). To our 18 

knowledge, this is the first report of this kind of staphylococcal colony morphology. 19 

Further studies on these isolates are in progress in order to verify if this morphology 20 

difference and/or biofilm production can influence in interaction with eukaryotic cells. 21 

Biofilm production can increase bacterial adherence, invasion and persistence in the host
25

.  22 

Although the isolates in our study were obtained from patients in different hospitals 23 

during a 4-year period, 56% belonged to one predominant genotype, suggesting that a low 24 

genomic variability could be characteristic for this species. It is curious that among the 12 25 
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isolates from the prevalent genotype, 10 (83.3%) were biofilm-producers. Moreover, all 1 

five strong biofilm producers found in this study were classified within this genotype, 2 

suggesting an increased virulence for these isolates. 3 

The almost universal sensibility to antimicrobials in S. lugdunensis has been shown 4 

previously
10,26

. We found low rates of resistance in the clinical isolates evaluated. 5 

Interesting, one isolate carried the mecA gene, showing resistance to �-lactams and 6 

cloramphenicol. A few publications relate the presence of mecA gene in S. lugdunensis
27-

7 

29
, but in Brazil, this is the first report.  8 

In conclusion, we have shown that all clinical isolates of S. lugdunensis evaluated 9 

carried the virulence markers fbl, slush and ica genes, and, except for biofilm production, 10 

all isolates produced the associated virulence factors, which probably contribute to their 11 

unusual infection course. Biofilm formation was not detected in all isolates, but its elevated 12 

frequency among isolates from a prevalent genotype is relevant. Further studies related to 13 

the pathogenicity of S. lugdunensis are necessary to understand the incredible ability of this 14 

pathogen to cause aggressive infection, like S. aureus. 15 
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 1 

LEGENDS TO FIGURES 2 

 3 

 4 

Figure 1: (A) Dendrogram resulting from the computer-assisted analysis on the S. 5 

lugdunensis PFGE profiles. (B) PFGE genotypes of 1 S. lugdunensis type strain and 23 6 

clinical strains isolated from Rio de Janeiro hospitals. 7 

 8 

Figure 2: Analysis of virulence factors production in staphylococcal strains (A) Fbl 9 

protein detected by Western-blotting. Lines 1 - 4: S. lugdunensis clinical isolates; 5 and 6: 10 

– S. aureus (ATCC 25923) and S. epidermidis (ATCC 12228) strains, respectively; (B) 11 

Synergic hemolitic activity. A delta-hemolysin producer (S. intermedius ATCC 49052) 12 

was streaked perpendicularly to the strains; Lines 1 and 2: SLUSH producer S. lugdunensis 13 

strains; Lines 3 and 4: SLUSH non-producer strains (S. lugdunensis type strain and S. 14 

aureus ATCC 25923, respectively). (C) Biofilm formation analysis on polystyrene plate in 15 

1 type and 23 clinical strains of S. lugdunensis and S. epidermidis (ATCC 35984, biofilm 16 

producer and ATCC 12228, non- biofilm-producer). 17 

  18 

Figure 3: Colony morphology of smooth (A) and rough colonies (B) of S. lugdunensis 19 

strong biofilm-producer clinical strains that were clustered in genotype A. 20 

 21 

 22 

 23 

 24 
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Table 1 – Antimicrobial susceptibility and virulence factors related to 24 Staphylococcus lugdunensis isolates clustered according to PFGE types 

 DSMZ = Deutsche Sammlung von Mikroorganismen und Zellkulturen; HGB = Hospital Geral de Bonsucesso; HUAP = Hospital Universitário Antônio Pedro; HUCFF = Hospital Universitário Clementino Fraga Filho; 

HNMD = Hospital Naval Marcílio Dias; LSF = Laboratório Sergio Franco; INTO = Instituto Nacional de Traumato-ortopedia; IFF = Instituto Fernandes Figueira. All hospitals are located in Rio de Janeiro state, Brazil; a – 

Fibrinogen-binding protein; b – Synergistic haemolysin; c – determined by Western-blotting analysis; d – determined by synergic haemolysis assay; e – determined by microtiter-plate method: no biofilm producer (–), weak 

biofilm producer (+), moderate biofilm producer (++), and strong biofilm producer (+++); f – S. lugdunensis isolate carrying the meA gene; g - susceptibility to all 13 drugs evaluated.�

Virulence patterns  

Fbla SLUSHb Biofilm formation Isolate no. Origin  Clinical specimen 
Isolation date 

(month/year) 

Resistance 

patterns 
fbl 

gene 
Phenotypic 

expressionc 

slush 

gene 
Phenotypic 

expressiond 
ica gene Phenotypic 

expressione 

PFGE 

patterns 

97 HNMD Blood 03/1999 -g + + +  + + +++ A1 

98 HNMD Surgical site 03/1999 - + + + + + +++ A2 

546 HNMD Blood 06/2007 - + + + + + +++ A3 

451 HNMD Urine 06/2004 - + + + + + ++ A4 

644 HNMD Prosthesis secretion 09/2008 - + + + + + +++ A5 

541 HNMD Blood 07/2006 - + + + + + +++ A6 

540 HNMD Skin wound 03/2006 TET, PEN + + + + + + A7 

632 HNMD Blood 02/2005 PEN + + + + + ++ A7 

157 HNMD Blood 10/2002 - + + + + + - A8 

611 HNMD Blood 10/2007 - + + + + + - A9 

619 HNMD Blood 06/2008 - + + + + + + A10 

468f HUCFF Blood 04/2005 OXA, FOX, PEN, CLO + + + + + ++ A11 

545 HNMD Skin wound 06/2007 - + + + + + - B1 

612 HNMD Blood 05/2008 - + + + + + - B2 

515 INTO Blood 01/2006 - + + + + + - B3 

543 HNMD Blood 12/2006 - + + + + + - B4 

633 HNMD Blood 09/2005 - + + + + + + B4 

33 HUCFF Blood 01/1997 - + + + + + - C1 

469 LSF Skin wound 01/2006 ERI, CLI (D+) + + + + + + C1 

4804 DSMZ - - - + + + - + - C2 

142 HNMD Blood 08/2002 - + + + + + - C3 

10 HGB Blood 08/1996 PEN + + + + + - C4 

21  HUAP Catheter tip 01/1997 - + + + + + + D1 

645 IFF Nare 10/2008 - + + + + + ++ D1 
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Abstract 1 

Staphylococcus lugdunensis is a rare cause of severe infections and clinical manifestations 2 

are similar to those related to S. aureus. We describe a hospital-acquired bacteremia due to 3 

methicillin-resistant Staphylococcus lugdunensis, misidentified as methicillin-resistant S. aureus. 4 

The oxacillin MIC was 16 µg/mL and the mecA gene and SCCmec type V were determined by 5 

PCR. Although treatment had been appropriated, the patient died after rapid progressive 6 

respiratory failure and another nosocomial sepsis. It is important not only to identify S. 7 

lugdunensis in view of its clinical course, but also to determine its susceptibility to oxacillin by 8 

detecting the mecA gene or its product.  9 

Key words: Staphylococcus lugdunensis, methicillin resistance, SCCmec V, bacteremia 10 

 11 

CASE REPORT 12 

 13 

 A 73-year old female with systemic arterial hypertension and chronic obstructive 14 

pulmonary disease (COPD) gold IV was admitted to the Emergency Department of the 15 

University Hospital ‘Clementino Fraga Filho’ (HUCFF), in March 2005. HUCFF, a 16 

tertiary-care teaching hospital with 490 beds, is affiliated to the Federal University of Rio 17 

de Janeiro, Rio de Janeiro city, Brazil. The patient had asthenia, cough, fever, purulent 18 

secretions and worsening of dyspnea, but the chest X-ray showed no pulmonary infiltrates. 19 

Diagnosis of acute exacerbation and upper respiratory infection were made. 20 

Bronchodilators, glucocorticoids, gatifloxacin and non-invasive ventilation were initiated. 21 

Respiration did not recover, and mechanical ventilation was needed. After completing the 22 

course of antimicrobial therapy the patient recovered. However, two cultures from blood 23 

collected at day 7 of therapy detected Gram positive bacteria. Bacterial contamination of 24 
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blood was initially suspected since the patient had improved and precise identification of 1 

the sites of blood collection was not possible. Initially, methicillin-resistant S. aureus 2 

(MRSA) and Streptococcus alpha hemolytic were identified in the hospital laboratory three 3 

days after blood collection and the strains were sent to our laboratory for confirmation. 4 

After the initial clinical improvement, the patient presented fever, leucocytosis and 5 

hypotension. The central line catheter was removed, and vancomycin and amikacin were 6 

included in the treatment, according to the local microbiology pattern and the previous 7 

isolation. The nosocomial sepsis was probably related to the central line catheter (Mermel 8 

et al., 2009), although abdominal images were not performed. The transthoracic 9 

echocardiogram result was normal. Another set of blood cultures drawn on the day when 10 

sepsis was diagnosed detected Escherichia coli and S. epidermidis. The patient had fast 11 

and progressive respiratory failure and despite intense medical treatment she expired on 12 

day 18 of hospitalization.  13 

The isolate obtained from the first blood culture was characterized as MRSA in 14 

hospital laboratory by VITEK (BioMerieux). Gram staining, catalase test and latex 15 

agglutination clumping factor and DNAse detection were performed as complementary 16 

tests. Antimicrobial susceptibility testing (VITEK, BioMerieux) revealed resistance to 17 

oxacillin, penicillin and cloramphenicol. 18 

In our laboratory, the isolate presented slightly yellow colonies and showed beta-19 

hemolysis on sheep blood agar. It gave a positive reaction for clumping factor, but the tube 20 

coagulase test was negative. Then, the isolate was evaluated using the method based on the 21 

conventional reference tests (Pereira et al., 2009) and the ornithine decarboxylase 22 

production, an enzyme produced only by S. lugdunensis strains (Herchline & Ayers, 1991). 23 

To confirm the species identification, the fbl gene, which encodes a fibrinogen binding 24 

protein of S. lugdunensis was amplified by PCR according to Pereira and coworkers 25 
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(2009). A 425 bp amplicon was obtained after PCR amplification of template DNA 1 

extracted from reference strain S. lugdunensis DSMZ 4804 and the clinical isolate. 2 

Antimicrobial susceptibility was evaluated according to CLSI guidelines. The isolate was 3 

resistant to oxacillin, cefoxitin, penicillin and cloramphenicol by disk diffusion test. 4 

Oxacillin MIC, determined by the E-test method, was 16 µg/mL. Initially, the mecA gene 5 

was detected by PCR, and the SCCmec typing was performed by multiplex PCR of the ccr 6 

type and mec class, using the method described by Kondo and coworkers (2007). The 7 

isolated was ccr type 5 and mec class C, characterizing the SCCmec type V. The 804 bp 8 

amplicon (corresponding to ccr5 gene) and 518 bp (corresponding to class C mec gene) 9 

generated in PCR reaction were confirmed by sequencing and comparison with GenBank 10 

database. 11 

This is the first case reported of a methicillin-resistant S. lugdunensis (MRSL) 12 

isolate carrying the SCCmec type V causing a systemic infection. To our knowledge, this is 13 

the fourth manuscript in the literature describing S. lugdunensis carrying the mecA gene. 14 

Kawaguchi and coworkers, in 1996, detected the mecA gene in one of two strains of S. 15 

lugdunensis isolated from blood during a laboratorial surveillance in Japan, but no 16 

description of clinical infection was provided by them. In 2003, Tee and coworkers 17 

reported a case of MRSL causing bloodstream infection in a neonate. In 2008, Tan, Ng and 18 

He found five (4.7%) S. lugdunensis strains carrying the mecA gene in a collection of 106 19 

clinical isolates. In Brazil, this is a first report of a MRSL isolate. 20 

S. lugdunensis was firstly described by Freney (1988) and is associated with several 21 

infections, mainly skin/soft tissues infections and endocarditis (Frank, Del Pozo & Patel, 22 

2008). In a clinical setting it frequently causes illness that has been described as acute, 23 

aggressive and destructive - more in keeping with coagulase-positive staphylococci than 24 

characteristically indolent coagulase-negative staphylococcal infections, especially 25 
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endocarditis, where the majority of infections involve native or prosthetic valves, being the 1 

mortality rates high (Ebright, Penugonda & Brown, 2004). Therefore, its aggressive nature 2 

resembles S. aureus. S. lugdunensis should be suspected when a staphylococcal isolate is 3 

positive in the clumping factor test but negative in the tube coagulase test (Tee et al., 4 

2003). The isolation rates of S. lugdunensis are about 10% for non-S. epidermidis 5 

coagulase negative isolates (Herchline & Ayers, 1991). However, in a recent study, Böcher 6 

and coworkers (2009) showed that the misidentification of S. lugdunensis could be 7 

contributing to this low rate. They improved the identification of S. lugdunensis using the 8 

Columbia sheep-horse agar inoculation as an additional test. To reinforce this fact we 9 

evaluated the bacterial diagnostic provided for 5360 blood cultures performed in our 10 

hospital, between 2000 and 2009 (data not shown). No S. lugdunensis isolate was detected, 11 

suggesting that this pathogen is being misidentified.  12 

In the present case reported we observed a clear misidentification of a MRSL 13 

isolate as community MRSA. Both species present similar colony morphology and blood-14 

agar hemolysis. Interestingly, in addition to being positive by the clumping factor 15 

agglutination test, S. lugdunensis strains are also positive for DNAse, like S. aureus strains. 16 

This shows the importance to employ tube coagulase testing for staphylococcal 17 

characterization. For confirmation the ornithine-decarboxylase test is also important, since 18 

S. lugdunensis is the only staphylococcus positive in this assay. The susceptibility pattern 19 

of the isolate indicated a community-associated pathogen. Only resistance for �-lactams 20 

and cloramphenicol were observed. Moreover, this non-multiresistance has been related to 21 

the SCCmec type V, often found in community isolates. This case report confirms the 22 

isolation of non-multiresistant S. lugdunensis carrying the SCCmec V as a cause of a 23 

serious hospital-acquired infection and was misdiagnosed as non-multiresistant MRSA in a 24 

setting with nosocomial transmission of the latter.  25 
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ABSTRACT 1 

 2 

Staphylococcus lugdunensis has been recognized as an important human pathogen, 3 

causing especially endocarditis of native or prosthetic valves. In this study we evaluated 4 

biofilm-compositon and ability to adhere and invade human epithelial lung cells of five 5 

hospital isolates analyzed previously, including one that formed rough colonies. 6 

Detachment assay was performed using sodium metaperiodate or proteolytic enzymes to 7 

analyze the biofilm composition, whereas A549 cells monolayers were used in adherence 8 

and invasion tests. Two biofilm producer isolates analyzed showed protein-mediated 9 

biofilm. Only the S. lugdunensis isolate that formed rough colonies was able to adhere and 10 

invade A549 cells at the same proportion as that observed for a S. aureus isolate (p=1.000). 11 

No significant adhesion or invasion was observed for the other isolates evaluated, 12 

independent of biofilm-production or clonality. Our results show that despite different 13 

virulence factors, including ability to form biofilm, had just been observed in S. 14 

lugdunensis isolates, the characteristic of a rough colony surface was a differential marker 15 

for the isolate that was able to adhere and invade human cells. 16 

 17 

 18 

Key words: S. lugdunensis, adherence, invasion, biofilm-composition, lung epithelial 19 

cells. 20 

 21 

INTRODUCTION 22 

Staphylococcus lugdunensis is a coagulase-negative Staphylococcus (CNS) that has 23 

emerged as a recognized important human pathogen, causing occasionally serious 24 

infections like a highly destructive form of native valve endocarditis (Anguera et al, 2005; 25 
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Frank, del Pozo & Patel, 2008). Like Staphylococcus aureus, this organism may express 1 

several virulence components, such as fibrinogen-binding protein, hemolysins and biofilm-2 

production (Donvito et al., 1997; Mitchell, Tristan & Foster, 2004; Frank & Patel, 2007; 3 

Pereira et al, 2010).  4 

According to Otto (2008), biofilm production is an important factor in 5 

staphylococcal pathogenesis. The major component is staphylococcal biofilm are Poly-N-6 

acetylglucosamine (PNAG) or polysaccharide intercellular adhesin (PIA), a protein coded 7 

by the icaADBC locus (Otto, 2008). However, in S. lugdunensis species the biofilm seems 8 

to be constituted of protein (Frank & Patel, 2007). The ability of S. aureus to produce 9 

protein-mediated biofilm is reported in literature, and is associated with the presence of 10 

bap gene (Cucarella et al., 2004). Biofilm production is also an important factor which can 11 

enhance bacterial adherence and consequently invasion in host tissue. This correlation has 12 

been described for some pathogenic bacteria, such as S. aureus (Amaral et al., 2005), 13 

Moraxella (Perez-Vidakovics & Riesbeck, 2009) and Escherichia coli (Martinez-Medina 14 

et al., 2009). The ability to adhere to and invade eukaryotic cells is also extensively 15 

described for S. aureus (de Bentzmann et al., 2004; Karazaum et al., 2008). Additionally, 16 

Amaral and coworkers (2005) showed the enhanced ability of epithelial cell invasion by 17 

the prevalent genotype of methicillin-resistant S. aureus (MRSA) isolated from Brazilian 18 

hospitals. Only one report describes the analysis of S. lugdunensis interaction with 19 

eukaryotic cells, but the authors only evaluated the loss of viability of fibroblasts in a 20 

monolayer after exposure to clinical isolates (You et al., 1999).  21 

Recently, we found 14 biofilm-producers among 23 Brazilian S. lugdunensis 22 

hospital isolates (Pereira et al., 2010). Three of them were strong biofilm-producer isolates 23 

and presented an interesting variant in colony morphology, similar to Bacillus colonies, 24 

rough and hydrophobic. In the present work, we selected some of these isolates to evaluate 25 
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their biofilm-composition and ability to adhere and to invade human respiratory epithelial 1 

cells, comparing with an invasive MRSA belonging to the prevalent Brazilian genotype. 2 

 3 

MATERIALS AND METHODS 4 

 5 

Bacterial strains 6 

In this study we evaluated five S. lugdunensis isolates from Rio de Janeiro hospitals 7 

and characterized previously by our group (Pereira et al, 2010). Characteristics associated 8 

with these isolates are listed in Table 1. Two of these isolates were strong biofilm 9 

producers and one of them presented rough colony morphology and high hydrophobicity.  10 

 11 

Biofilm detachment assay 12 

Biofilms formed by two strong biofilm producing S. lugdunensis, isolates 546 and 541, 13 

presenting rough and smooth colony morphology, respectively (Table 1) were evaluated to 14 

verify if they were carbohydrate or protein-mediated. Biofilm detachment assay was 15 

performed according Frank & Patel (2007). Briefly, after biofilm formation by the isolates 16 

in 96-well polystyrene microtiter plates (TPP® 92096), three different reagents were added 17 

to provoce its detachment: 40 mM sodium metaperiodate (NaIO4) (Vetec, São Paulo, 18 

Brazil) in water; 100 µg/mL proteinase K in 10 mM Tris-HCl (pH 7.5) or 10 U/mL trypsin 19 

in 10 mM Tris-HCl (pH 7.5). Heat-inactivated proteinase K and trypsin (by boiling for 40 20 

min) were also added as controls. S. epidermidis ATCC 35984 (a well characterized 21 

carbohydrate biofilm-producer, ica positive, bap negative) and S. aureus V389 (protein-22 

mediated biofilm-producer, ica negative, bap positive) (Cucarella et al., 2001) were used 23 

as controls. All tests were performed in triplicate. 24 

 25 
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Adherence and invasion assays 1 

Adherence and invasion ability of the S. lugdunensis isolates (Table 1) was evaluated 2 

according to Menzies & Kourteva (2000) using the human lung carcinoma cell line A549 3 

(ATCC CCL-185). This cell line presents many of the characteristics of type II alveolar 4 

epithelial cells, with modifications. One milliliter of a cell suspension in Dulbecco’s 5 

Modified Eagle Medium (DMEM) at a concentration of 5x10
5
 cells/mL were plated in 24-6 

well cell tissue plates (TPP® 92024) and incubated for 24 h at 37°C in a 5% CO2 7 

atmosphere to obtain semiconfluent monolayers. Cells were washed once with sterile 8 

phosphate saline buffer (PBS, pH 7.4), and 1 mL of each bacterial suspension in DMEM 9 

(10
7
 CFU/mL) was added to the wells containing A549 monolayers and incubated for 2 10 

hours at 37°C in 5% CO2. After this period, the supernatants were discarded after 11 

collecting aliquots for bacterial quantification. Monolayers were washed twice with sterile 12 

PBS, pH 7.4. To quantify adherent and internalized bacteria, monolayers were lysed using 13 

sterile Triton X-100 0.1% solution and aliquots were obtained for bacterial counts. This 14 

assay deferentiates between adherent and invasive bacteria. To quantify only invasive 15 

bacteria, epithelial cells were treated with lysostaphin (10 µg/mL) and lysozyme (0.5 16 

mg/mL) for 60 min to kill extracellular bacteria, before cell lysis. S. aureus HU25 (MRSA 17 

ST239 – prevalent genotype in Brazilian hospitals) (Vivoni et al., 2006) was used as 18 

positive control for adhesion and invasion tests. Assays were performed in triplicate.  19 

For a qualitative morphological analysis of bacteria-cell interaction, the cells were 20 

prepared as described above, stained by the May-Grunwald-Giemsa method and examined 21 

under a light microscope (Carl Zeiss, Thornwood, USA) at 100x magnification.  22 

 23 

 24 

 25 
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Statistical analysis 1 

 All results are shown as means of three independent experiments with respective 2 

standard deviations, unless otherwise indicated. Data were analyzed by ANOVA and 3 

Student’s t-tests for statistical significance assessment of the differences, which was 4 

considered when p < 0.05. 5 

 6 

RESULTS 7 

 8 

Biofilm detachment assay 9 

 Biofilm detachment results are shown in Figure 1. The strong biofilm producing S. 10 

lugdunensis clinical isolates 546 (rough morphology) and 541 (smooth morphology) 11 

produced protein-mediated biofilms. The results were similar to those found for S. aureus 12 

V389 (protein-mediated biofilm-producer) and different to S. epidermidis ATCC 35984 13 

(carbohydrate-mediated biofilm-producer). Treatment with sodium metaperiodate was not 14 

able to detach biofilms produced by these isolates, while proteolytic enzymes were 15 

effective in detaching this bacterial component, showing statistically significant results 16 

(p<0,05). Moreover, incubation with pre-heated proteolytic enzymes, indicated a proteic 17 

nature of the S. lugdunensis biofilm.  18 

 19 

Adherence and Invasion assays 20 

 Five S. lugdunensis isolates were evaluated by the adherence and invasion assays, 21 

three non-biofilm producers and two strong biofilm producers. One biofilm producing 22 

isolate (isolate 546), which also presented rough colony morphology was the only one able 23 

to adhere and invade A549 cells at the same proportion as S. aureus HU25 isolate (p 24 

=1.000), as shown in Figure 2A. All other S. lugdunensis isolates evaluated (isolates 541, 25 
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611, 612 and 142) showed low adherence and invasion in comparison to 546 and HU25 (S. 1 

aureus) (p<0.005). Figure 2B shows adhesion of HU25 and 546 isolates analyzed by 2 

optical microscopy, using Giemsa staining. S aureus adheres homogeneously all over the 3 

cell surface, while S. lugdunensis adheres as a local aggregate on the eukariotic cell 4 

membrane 5 

  6 

DISCUSSION 7 

The unusual virulence of S. lugdunensis in comparison to other CNS species can 8 

contribute to its aggressiveness in an infection pattern similar to that described for S. 9 

aureus (Frank, del Pozo & Patel, 2008). Some authors have described the ability of S. 10 

lugdunensis to cause abscess in mice, associated or not with prosthetic insertion (Frank, 11 

Del Pozo & Patel, 2008), showing the enhanced virulence of this pathogen when compared 12 

with other CNS. Another study published by You and coworkers (1999) evaluated the 13 

viability of monolayers of human gingival fibroblasts after incubation with S. lugdunensis 14 

clinical isolates obtained from oral abscess or ostheomielitis. Viability of the cells  reduced 15 

after exposure to this organism. However, cell adherence or invasion by S. lugdunensis was 16 

not evaluated in these studies. 17 

Since S. aureus is the species recognized as the most pathogenic in the 18 

Staphylococcus genera, and its ability to adhere and invade host cells is largely reported 19 

(Sinha et al., 2000; Amaral et al., 2005; Karauzum et al., 2008), its clinically aggressive 20 

potential similar to S. lugdunensis led us to investigate if this species was able to adhere 21 

and/or to invade cells in the same proportion. We used five S. lugdunensis isolates, biofilm 22 

producers or not, being one isolate a strong biofilm producer with rough colony 23 

morphology, characterized previously (Pereira et al., 2010). We supposed that biofilm 24 

producing isolates, speacially these strong producers, could show high levels of cell 25 
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adherence. We observed that biofilm production was not the determining factor for cell 1 

adhesion and/or invasion. The only isolate able to adhere and invade A549 cell was S. 2 

lugdunensis 546, a strong biofilm producer that forms rough colonies (Figure 2A). The 3 

other strong biofilm producing isolate (isolate 541) which forms smooth colonies, 4 

presented low rates of adhesion and invasion. Results from isolates belonging to the same 5 

and other genotypes, but no biofilm producers (isolates 611, 612 and 142) were similar to 6 

those obtained for isolate 541 (data not shown). To confirm our results, another isolate 7 

with rough colony morphology from the same genotype was evaluated, and the results 8 

were similar to those obtained for isolate 546 (data not shown). Based on these findings, 9 

we suggest that S. lugdunensis isolates presenting rough morphology have enhanced ability 10 

to adhere and invade A549 cells, at the same proportion as observed for S. aureus. 11 

The increased virulence of S. aureus had been associated with its adhesive 12 

properties that enable bacterial colonization of mucosal and skin surfaces (Karauzum et al., 13 

2008; Feng et al, 2008). It is also known that disseminated infections by the pathogen are 14 

related to its ability to invade epithelial (Bayles, Wesson & Liu, 1998; Amaral et al., 2005) 15 

and endothelial cells (Menzies & Bourteva, 2000). The Fbl protein had been described as 16 

an adherence factor in S. lugdunensis (Nilsson et al., 2004), whereas invasion factors 17 

reported are esterases, proteases, lipase (Lambe et al., 1990) and hemolysins (Donvito et 18 

al., 1997). In our study all strains evaluated presented the Fbl adhesin and SLUSH 19 

hemolysin (Pereira et al., 2010). However, only rough colony morphology isolates were 20 

able to adhere to A549 cells. Moreover, like adhesion, the invasiveness was also related 21 

with the rough colony morphology of this organism. There is no data on this colony 22 

morphology in the literature. However, we observed that these rough isolates were able to 23 

produce a biosurfactant, forming micelles when the bacterial suspension was agitated with 24 

n-hexadecane (data not shown). Fujita, Akino & Yoshioka (1988) report that  25 
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Pseudomonas aeruginosa isolates that produce the biosurfactant rhamnolipid, showed 1 

enhanced invasion of erythrocytes, probably do to interaction of the rhamnolipids with cell 2 

membrane phospholipids7�Moreover, analysis by optical microscopy allowed verifying the 3 

ability of this isolate to form clusters on cell surfaces like a cellular aggregative adhesion, 4 

showing that this bacterial characteristic can be involved in adherence and invasion of 5 

eukaryotic cell. 6 

Two biofilm producing S. lugdunensis isolates, one with rough colony and another 7 

with smooth colony morphology, were analyzed in the present study, and the biofilm 8 

composition was characterized by the detachment assay with sodium metaperiodate (a 9 

carbohydrate degrading agent) or proteolytic enzymes proteinase K and trypsin. The 10 

detachment occurred during treatment with the proteases, showing that biofilms produced 11 

by S. lugdunensis isolates are protein-mediated. When proteolytic enzymes were added 12 

after an inactivation step (boiling for 40 minutes), no detachment were observed, 13 

reinforcing our data. Additionally, treatment with sodium metaperiodate did not detach 14 

biofilms produced by S. lugdunensis. Our data are in agreement with those described by 15 

Frank & Patel (2007) who detected protein-mediated biofilms in all 15 biofilm producing 16 

clinical isolates of S. lugdunensis isolated from several clinical sites, including endocarditis 17 

and prosthetic infections. Moreover, this proteic biofilm matrix has been described for S. 18 

aureus isolates (Cucarella et al, 2004), demonstrating once more a similarity between these 19 

two staphylococcal species. 20 

In conclusion, the ability of S. lugdunensis to adhere to and invade human cells is 21 

notable, and confirms the enhanced virulence of this uncommon SCN. Additionally, it is 22 

necessary to clearly understand how colony morphology surface contributes to S. 23 

lugdunensis adherence and invasion in eukaryotic cells.  24 

 25 
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Legends to figures 1 

 2 

Figure 1: Biofilm detachment assay using carbohydrate-degrading agents (A) and 3 

proteases (B and C). S. epidermidis ATCC 35984: carbohydrate-mediated biofilm 4 

producer; S. aureus V389: protein-mediated biofilm producer; 546: rough colony 5 

morphology S. lugdunensis isolate; 541: smooth colony morphology S. lugdunensis isolate. 6 

Bars represent the average stained biofilm remaining in three wells after treatment. Error 7 

bars shows the standard deviation. Asterisks indicate significant increase in biofilm 8 

detachment after treatment compared with untreated wells (p<0.05 by Student’s t test). 9 

Data are representative of three replicate experiments with similar results. 10 

 11 

Figure 2: Evaluation of adhesion and invasion of S. lugdunensis in A549 cell monolayers 12 

(A) Analysis of adherent (black bars) and invasive (white bars) bacteria. HU25: MRSA 13 

isolate; 546: rough colony morphology and biofilm producing S. lugdunensis isolate; 541: 14 

smooth morphology morphology and biofilm producing S. lugdunensis isolate; 142: 15 

smooth colony morphology and no-biofilm producer S. lugdunensis isolate. Bars represent 16 

the CFU percentage of three wells. The error bars show the standard deviations. Asterisks 17 

indicates comparison with HU25, being different (*, with p<0.005) or similar (**, 18 

p=1,000). P values were obtained by ANOVA test. Data are representative of three 19 

replicate experiments with similar results. (B) Bacterial interaction with A549 cell 20 

observed by optical microscopy after Giemsa staining. Single and double arrows show 21 

adherent and invasive bacteria, respectively.  22 

 23 

�
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Table 1 – Characteristics of Staphylococcus lugdunensis isolates evaluated in this study 

Isolate 

number* 

Isolation 

date 

ica 

gene 

Biofilm 

production 

Colony 

Morphology 

PFGE 

genotype 

546 06/2007 + strong rough A 

541 07/2006 + strong smooth A 

611 10/2007 + no smooth A 

612 05/2008 + no smooth B 

142 02/2002 + no smooth C 

*All isolates were obtained from blood cultures 
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FIGURE 2 
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Baixar livros de Ciência da Computação
Baixar livros de Ciência da Informação
Baixar livros de Ciência Política
Baixar livros de Ciências da Saúde
Baixar livros de Comunicação
Baixar livros do Conselho Nacional de Educação - CNE
Baixar livros de Defesa civil
Baixar livros de Direito
Baixar livros de Direitos humanos
Baixar livros de Economia
Baixar livros de Economia Doméstica
Baixar livros de Educação
Baixar livros de Educação - Trânsito
Baixar livros de Educação Física
Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmácia
Baixar livros de Filosofia
Baixar livros de Física
Baixar livros de Geociências
Baixar livros de Geografia
Baixar livros de História
Baixar livros de Línguas
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