www.directivepublications.org

ﬁ DIRECTIVE

The Journal of Clinical Microbiology PUBLICATIONS

ISSN 2831-8064

Research Article

Human Serum Modulates Biofilm Formation By
Strains Of Viridans GroupStreptococcusAssociated
With Infective Endocarditis.

Rafael Amaral da Silva', Jéssica Lourengon Dubois’, Lucas Laion da S. Oliveira', Renata do Espirito Santo’,
Lucas Menghi Missias', Lucas Santiago Franca', Vera Lucia B. Barbosa?, Diego Feriani?, Cely S. Abboud?,
Eduardo M. Franco*, Livia A. Alves'*.

"Postgraduate Program at Cruzeiro do Sul University — UNICSUL, Sao Paulo (SP, Brazil).

2Medical Section of Infectious Diseases at Dante Pazzanese Institute of Cardiology, Sdo Paulo (SP, Brazil).

3Infectious Diseases Department at Federal University of Sao Paulo (UNIFESP), Séo Paulo (SP, Brazil).
“Department of Oral Diagnosis, Piracicaba Dental School, State University of Campinas (UNICAMP), Piracicaba (SP, Brazil).

/ Abstract \

Oral Streptococcus spp. are among the most frequent bacteria associated with infective endocarditis (IE), forming biofilms on cardiac tissues. This
study aimed to evaluate the contribution of serum components to the capacity of strains of oral streptococci associated with IE to form biofilms. To
this end, biofilm phenotypes were determined in eight bacterial strains isolated from the bloodstream of patients with IE, which were taxonomically
identified using PCR with species-specific primers as Streptococcus sanguinis (n=2), Streptococcus gordonii (n=3) or Streptococcus salivarius
(n=2). Reference strains of each species (SK36, Challis, and NCTC 8618) were also tested. The biomass of biofilms formed during 18h was
measured in 96-well plates with BHI medium with 1% sucrose (BHIS), supplemented with 10% saliva or 20% human serum. Initial stages of
biofilm formation (4 h) in these culture media were also analyzed by scanning electron microcopy (SEM). Supplementation of BHIS with serum
significantly increased the biofilm biomass as compared to non-supplemented BHIS in strains of S. sanguinis (2/3, 2.69 versus 1.85), S. gordonii
(3/4, 1.41 versus 1.12) and S. salivarius (2/3; 3.36 versus 2.64) (p<0.05). Differently, no significant changes in biofilm formation was promote
by BHIS supplementation with saliva. SEM analyzes confirmed the contributing effects of serum in biofilm formation. These data highlights the
significant effect of serum in biofilm formation capacity by oral streptococci, further indicating that bacterial interactions with serum components
likely contribute to cardiovascular virulence of oral streptococci.
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Highlight : Serum induces biofilm formation of Viridans group Streptococcus.
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INTRODUCTION

Infective endocarditis (IE) is an infection of the cardiac or
adjacent vascular endothelium by microorganisms, mostly
endogenous, accessing the bloodstream [1,2].

Staphylococcus spp. and Streptococcus spp. represent 80% of
cases of bacterial endocarditis [3]. Viridans group Streptococcus
[VGS], which includes species of oral streptococci, are
associated with 30-50% of all cases of bacterial endocarditis
[4,5].

Oral streptococci are abundant in multiple sites of the oral
microbiome, accounting for up to 50% of the cultivable

microbiota of the tongue and saliva and representing 80% of
cultivable microorganisms of dental biofilms forming during
the first 6 h of colonization [6,7]. Dental biofilms provide
privileged sites of microbial access to the blood circulation due
to their association with the highly vascularized periodontal
tissues [7-9]. Common species of dental biofilms include S.
sanguinis and S. gordonii biofilm, while other species, e.g. S.
salivarius, are abundant not in multiple mucosal sites including
the tongue surface as well as the pharynx and tonsils [10-15].
The high frequency of oral Streptococcus spp. in cardiac
tissues and IE lesions [4,16- 18], suggests that these species
have a predilection for colonizing these tissues. Strains of
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these species can express multiple mechanisms of evasion to immune surveillance in the bloodstream and cardiovascular
tissues [16,19,20], but the influence of blood (or serum) components on their capacities to form biofilms remains to be
investigated, a function likely associated with their capacity to adhere and to infect cardiovascular tissues contributing to
the formation of vegetations [15,21-24]. Heart vegetations primarily consist of platelets, fibrin, and microorganisms, often
embedded in a biofilm matrix and resembling biofilm-like formations and showing increased antibiotic tolerance compared
to planktonic bacteria [25,26]. The extracellular matrix of the biofilms provides protection to bacteria against external factors,
such as antimicrobial agents and the host immune responses, making biofilm control a significant clinical challenge [27,28]. In
addition, transition from planktonic to biofilm lifestyle provided multiple physiological changes associated with persistence in
host niches [29-32], strengthening the need of investigating bacterial interactions with serum components promoting biofilm
formation.

Thus, the aim of this study was to evaluate the effect of human serum in biofilm formation capacity of strains of S. sanguinis,
S. gordonii and S. salivarius isolated from bloodstream of patients with bacterial endocarditis. To this purpose, we applied
comparative in vitro analysis of biofilms on surfaces bathed or not with human serum and saliva, a major fluid bathing oral
surfaces.

MATERIAL AND METHODS

Samples of blood, serum and saliva

Blood, serum and saliva samples were collected from study approved by the Research Ethics Committee of the Dante Pazzanese
Institute of Cardiology (CAAE: 67892223.9.0000.5462) according to Resolution 466/2012 of the Ministry of Health regarding
research involving human. Strains were isolated from blood cultures of patients with IE treated at the Dante Pazzanese Institute
of Cardiology - DPIC (Sdo Paulo-SP, Brazil) between 2022 and 2024. Serum and saliva collected from a healthy volunteer and
were used in the biofilm assays.

Culture conditions and growth curves

The strains used in this study are listed in Table 1. The cultures obtained were frozen at -70°C in 20% glycerol to obtain stocks.
These strains were routinely grown from frozen stocks on BHI (Brain heart infusion) agar (BD Difco, USA). About six colonies
of BHI agar cultures of these strains were used to inoculate BHI broth and incubated (18h at 37°C) under aerobic atmosphere
containing 10% CO,. Growth curves of the strains were in BHI, under 10% CO,, as described below. Briefly, the strains were
inoculated from adjusted inoculums of 18 h culture (for A550__0.05) in 25 mL of BHI and the cultures incubated at 37°C under
an atmosphere of 10% CO,. Aliquots of 500 pL of these cultures were removed each 1 h for determination of the absorbances
(A550, ) (Spectrophotometer, Kasvi) during the period of 8 h. Three independent growth curves were determined in duplicate
for each strain.

Table 1. Streptococcus spp. strains isolated and used in this study.

Strain Isolation site Source

Streptococcus sanguinis

S. sanguinis SK36 oral cavity Reference strain
S. sanguinis Ss8648 blood Dante Pazzanese Institute of Cardiology
S. sanguinis Ss13197 blood Dante Pazzanese Institute of Cardiology

Streptococcus gordonii

S. gordonii Challis oral cavity Reference strain/ ATCC 35105

S. gordonii Sg12745 blood Dante Pazzanese Institute of Cardiology
S. gordonii Sg8774 blood Dante Pazzanese Institute of Cardiology
S. gordonii Sg5769 blood Dante Pazzanese Institute of Cardiology
Streptococcus salivarius

S. salivarius NCTC 8618 oral cavity Reference strain/ NCTC 8618

S. salivarius Sv11312 blood Dante Pazzanese Institute of Cardiology
S. salivarius Sv13331 blood Dante Pazzanese Institute of Cardiology
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Bacterial DNA extraction

The MasterPure Gram Positive DNA Purification Kit (LGC Biosearch Technologies, England, UK) was used to extract genomic
DNAs of the studied strains, following the manufacturer's recommendations. The quality and concentration of the extracted
DNA assessed by determining the absorbance ratios (A260, /A260, ) using a NanoDrop One spectrophotometer (Thermo
Scientific). The integrity of the DNA samples was monitored in 1% agarose gels stained with Blue Green Loading Dye (LGC
Biosearch Technologies, England, UK). The DNAs were stored at -20°C for later use in PCR reactions.

Identification of Streptococcus spp. by PCR with species-specific primers

The taxonomic identification of the strains was confirmed using the classification system developed by Garnier [33]. Briefly,
PCR with species-specific primers targeting the ddl gene, which encodes the enzyme involved in the biosynthesis of the cell
wall D-alanine:D-alanine ligase, was applied to identify the species S. sanguinis (Primer 1), S. gordonii (Primer H) and S. salivarius
(Primer C). The primers used for each species and the expected amplicon sizes are described in Table 2. The strains S. sanguinis
SK36, S. gordonii Challis substr CH1 and S. salivarius NCTC8618 were used as positive controls of the PCR reactions. The products
were electrophoretically resolved in 1% agarose gels stained with Blue Green Loading Dye (LGC Biosearch Technologies,
England, UK), and species identification was based on the size of the amplicons (S. sanguinis (374 bp), S. gordonii (260 bp) and
S. salivarius (331 bp).

Table 2. Primers used in this study for the identification of clinical isolates.

Strain or target gene | Oligonucleotide | Primer Forward/Reverse (5' - 3') | Product size (bp) | Reference

S. salivarius C GCAGCAGTAGCAGAGACGCT/ 331 [33]
GTCATGACTTCTGCAGGCAC

S. gordonii H GTCGATGGCGAGGATCTAGAGC/ 260 [33]
AACAACTTCCCCTGGAAGAC

S. sanguinis | GTCGATGGCGAGGATCTAGAGC 374 [33]
CTCTGCATTTTGACGCATGAG

Analysis of biofilm formation in the presence of human saliva and serum

The analysis of biofilm formation was performed according to a previous study [34] with some modifications. Briefly, in 96-well
flat-bottomed polystyrene plates (Cralplast, Brazil) were added (180 pl/well) BHI medium supplemented with 1% sucrose in
three conditions: BHI medium only, BHISA (BHI supplemented with 10% sterilized human saliva) or BHISO (BHI supplemented
with 20% human serum). Each condition was inoculated with 20 uL/well of each strain grown in the exponential phase (A550,
= 0.3). The plates with final volumes of 200 pL/well in triplicate were then incubated for 18 h (37°C, 10% CO,). The absorbance
measurements were expressed as indirect measures of biofilm biomass in a microplate reader (Bio-Tek, PowerWave XS2) for
determination of absorbance (A575_ ).

Analysis of biofilm formation by scanning electron microscopy (SEM)

The initial stages of biofilm formation on serum- and saliva-coated glass slides were analyzed by scanning electron microscopy
(SEM), as previously described [35] with some modifications. Briefly, the biofilms of Streptococcus spp. strains were formed on
sterilized glass coverslips (10 x 10 mm) placed in wells of 24-well microplates (Corning, USA). In each well with coverslips, 1 mL
of BHI with 1% sucrose (BHIS) was added under the conditions: without treatment

(BHIS), with 10% saliva (BHIS-SA; plus 100 pL of clarified sterile saliva) and 20% serum (BHIS-SE; plus 200 pL of sterile human
serum). The media were then inoculated with cultures adjusted to the same absorbance (A550, ~0.3) and the plates incubated
at 37°Cfor 4 h in an atmosphere of 10% CO,. Representative images of the specimens were obtained at 2,000X magnification.

Data analysis

GraphPad Prism 8 software was used to perform statistical analyses for all data. The growth curves were compared for using
ANOVA with Dunnett's post-hoc test. Measures of biofilm biomass were compared using parametric analysis by Two-way
ANOVA with Tukey's post-hoc test.
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RESULTS

Taxonomic identification and patterns of planktonic growth
PCR reactions for ddl confirmed that all the Streptococcus isolates were S. sanguinis, S. gordonii or S. salivarius. The integrity of
genomic DNAs and PCR products obtained with each primer set are shown in Figure 1.

A Streptococcus spp. DNA B S. sanguinis S. gordonii S. salivarius
123456 7829 10 123¢C 456 7 C 8910 C

2000 bp-

600 bp-
300bp-

Primer |: 374 bp Primer H: 260 bp Primer C: 331 hp

Figure 1. PCR products with arbitrary primers for S. sanguinis (Ss), S. gordonii (Sg), and S. salivarius (Sv) using genomic DNA from
clinical isolates and reference strains of each species. Product sizes for PCR with primers I: 374 bp, H: 260 bp, and C: 331 bp on
a 1% agarose gel. Legend: 1: S. sanguinis Sk36 (reference strain); 2: Ss8648; 3: Ss13197; 4: S. gordonii Challis (reference strain);
5:Sg12745; 6: Sg8774; 7: Sg5769; 8: S. salivarius NCTC 8618 (reference strain); 9: Sv11312; 10: Sv13331; C-: negative control (no
DNA).

Comparisons of the growth curves of the S. sanguinis isolates (Ss8648 and Ss13177) with the reference strain SK36 (Figure 2A),
revealed similar growth profiles, although the growth yield of blood isolates were lower when compared to SK36 (p<0.05). The
reduced growth rate and/or yield were more evident in the blood isolates of S. gordonii when compared to the oral reference
S. gordonii strain Challis (Figure 2B).

Larger variations in planktonic profiles were detected among S. salivarius strains (Figure 2C). Whereas the blood isolate
Sv13331 reached the log phase 3h earlier than the reference strain NCTC8618, this strain still showed a lower growth yield as
compared to NCTC8618. The blood isolate Sv11313 showed the lowest growth rate and yield as compared to the other two
S. salivarius strains. Thus, the blood strains of all the strains analyzed showed a lower growth yield in complex medium when
compared to oral reference strains, although differences between blood versus reference oral strain were more evident for

the S. gordonii species.
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Figure 2. Comparison of planktonic growth of Streptococcus spp. strains under 10% CO, atmosphere. A) S. sanguinis (Ss) strains,
including two endocarditis isolates (Ss8648 and Ss13197) and one reference oral isolate (Sk36); B) S. gordonii (Sg) strains,
including three endocarditis isolates (Sg12745, Sg8774, Sg5769) and one reference oral isolate (Challis); C) S. salivarius (Sv)
strains, including two endocarditis isolates (Sv13331 and Sv11312) and one reference oral isolate (NCTC 8618). The values
represent the means of an independent experiment performed in triplicate; bars represent standard deviations. Symbols (*)
indicate statistically significant differences in absorbance values (A550_ ) compared to the reference strain of each species at
the same incubation time. Two-way ANOVA with Dunnett's post-test, p<0.05.

Serum increases biofilm formation in oral species of streptococci in a strain-specific fashion

As expected, profiles of biofilm formation of the studied strains were not associated with growth rate/yield observed in
planktonic cultures (Figure 2). More important, for all the studied species, medium supplementation with serum significantly
enhanced biofilm formation by the stains, with few exceptions (S. gordonii 12745 and S. salivarius 13331 isolates). The stimulating
effect of serum on biofilm formation was also observed in all reference strains isolated from oral sites (Figure 3).
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Figure 3. Comparative analyses of biofilm biomass formed after 18 hours by S. sanguinis, S. gordonii, and S. salivarius
strains. Biofilms were formed in 96-well plates in BHI medium with 1% sucrose under the conditions of BHI alone (black),
BHI supplemented with 10% human saliva (light gray), and BHI supplemented with 20% human serum (dark gray). Columns
represent the mean of a triplicate experiment, representative of four independent experiments. Bars indicate standard
deviations. Symbols indicate significant differences; Two-way ANOVA with Tukey's post-test (p<0.05). Asterisk (*) indicates
significant difference between conditions for the same strain, using the BHI condition as the control. Hash mark (#) indicates
significant difference between strains for the same condition, using the reference strain as the control.

The biofilm biomass of S. sanguinis strains (Figure 3A) increase 1.79 to 2.28-fold in BHIS supplemented with serum when
compared to biofilm formed in BHIS only. Differently, saliva supplementation did not promote significant changes in biofilm
formation for refence strain SK36, whereas it reduced biofilm biomass in blood isolates (Ss8648 and Ss13197).

As shown in Figure 3B, all S. gordonii strains (Challis and the IE isolates Sg5769 and Sg 8774) increase 2.25 to 3.83-fold biofilm
formation in presence of human serum compared to the BHI condition, except for isolate Sg12745, which decreased biofilm
formation in BHIS supplemented with serum. The presence of saliva did not promote significant changes in biofilm formation
for S. gordonii strains, except for strain Sg5769.

For S. salivarius (Figure 3C), biofilm biomass increases 1.48 to 2.07-fold in BHIS supplemented with serum when compared to
biofilm formed in BHIS only. In the same way as for other species, saliva supplementation did not promote significant changes
in biofilm formation, except for isolate Sv13331, which showed greater biofilm formation in the presence of saliva when

Open Access, Volume 10, 2025 Page -5



Livia A. Alves Directive Publications

compared to the reference strain NCTC 8618.

In general, among the 10 strains analyzed across the species S. sanguinis, S. gordonii, and S. salivarius, 7 strains showed increased
biofilm formation in the presence of human serum. However, in the presence of saliva, only 2 blood isolates increased biofilm
formation compared reference strains.

Serum increases the thickness and formation of extracellular matrix in Streptococcus spp. by SEM

The analysis of the formation and structure of early biofilms (4h) formed on glass slides in BHIS supplemented or not with
saliva or serum indicates differences in the capacity to initiate biofilm formation among the strains. Figure 4 illustrates the
structural variations of these biofilms observed by scanning electron microscopy under the analyzed conditions.

BHI SALIVA SERUM

. sanguinis

S

S. gordonii

-

ivarius

I
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Sv11312 | =0 e Sv11312
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Figure 4. Early stages of biofilm formation by clinical
isolates and reference strains analyzed by Scanning Electron
Microscopy (SEM). A) S. sanguinis; B) S. gordonii; and C) S.
salivarius. Glass slides were incubated with bacterial cultures
under three conditions: BHI, 10% saliva, and 20% human
serum for 4 hours with 1% sucrose in a 10% CO, atmosphere
and then processed for scanning electron microscopy
(SEM) analysis. Representative images were taken at 2,000x
magnification.

The S. sanguinis SK36 strain and the IE isolate Ss8648 exhibited
biofilms with microcolonies surrounded by extracellular
matrix in the presence of serum, while under BHI and saliva
conditions, a homogeneous layer of long chains was observed
on the glass slides. The Ss13197 strain formed more biofilm in
the presence of saliva, with more isolated chains in BHI and
serum during the early stages of biofilm formation (Figure 4A).
When analyzing the biofilm formation of S. gordonii strains
(Figure 4B), robust biofilm formation was observed in the
presence of saliva and serum for the reference strain (Challis)
as well as for isolates Sg8774 and Sg12745. The Sg5769 isolate
formed a more homogeneous biofilm in the presence of saliva
but did not form significant quantities of microcolonies in the
presence of BHI and serum. The Sg12745 isolate formed a
more robust biofilm in the presence of serum, aggregated
chains in saliva, and more isolated chains in BHI.

In Figure 4C, it can be observed that the initial biofilms
analyzed by SEM for all S. salivarius strains exhibited dense
biomass formation, particularly in the presence of human
serum. The reference strain (NCTC 8618) displayed more
isolated chains in BHI, whereas in the presence of saliva,
more aggregated microcolonies were observed. The clinical
IE isolate Sv13331 showed a more homogeneous biomass
formation on the coverslips, with a progressive increase
in biomass under BHI, saliva, and serum conditions. In
the presence of serum, colonies surrounded by extensive
extracellular matrix formation were observed in the 13331
isolate. Meanwhile, the Sv11312 isolate exhibited aggregated
chain formation, with lower biofilm formation in the BHI
condition and higher biomass and aggregates in the saliva and
serum conditions. These initial biofilm formation results on
glass coverslips were consistent with the high quantifications
of mature biofilms formed in microplates in the presence of
human serum in the analyzed strains.

DISCUSSION

In this study, we aim to characterize strains of Streptococcus
spp. from the Viridans group isolated from patients with
bacterial endocarditis at a reference cardiology center in Brazil
(Sao Paulo/SP). Additionally, we evaluated the ability of these
clinicalisolates to form biofilms in presence of saliva or human

serum), as these strains are often found organized in biofilm
forminthe oral cavity [32] and in endocarditis lesions [36] [31].
A relevant aspect observed was the significantly slower
planktonic growth of the blood-isolated strains compared to
the oral reference strains under microaerophilic conditions
(10% CO,). Bacterial growth, represented by the bacterial
growth curve, is influenced by a variety of factors such as pH
levels, nutrient availability, temperature, and oxygen levels.
These factors determine the growth rate and population
dynamics of the bacteria [37]. The acidity or alkalinity of the
environment affects bacterial metabolism and growth rates.
The pHinthe oral environment ranges from approximately 6.8
to 7.2, whereas in blood, the pH is slightly basic at around 7.4
[37,38]. The lower growth rate observed in the endocarditis
isolates may suggest a metabolic adaptation, reflecting a
response to the systemic environment, such as the interior of
cardiac vegetations, where oxygen is limited.

In this study, we evaluated the influence of systemic
components (saliva and human serum) on the biofilm
formation of reference strains (oral isolate) and clinical IE
isolates (blood isolates). Among the 10 strains analyzed from
S. sanguinis, S. gordonii, and S. salivarius species, 7 showed
increased biofilm formation in the presence of human serum.
These data suggest that serum components modulate biofilm
formation in the analyzed Streptococcus spp. strains.

Some studies report the impact of human serum on biofilm-
forming microorganisms, which can either enhance or inhibit
biofilm formation depending on the environment and the
microorganisms involved [39-41]. In Staphylococcus aureus
and Pseudomonas aeruginosa, human serum significantly
increased biofilm formation due to interaction with surface
amino acids such as N-acetylcysteine (NAC). This interaction
increased the gene expression related to biofilm development
in these species [40]. Studies show that blood serum
increases intercellular polysaccharide adhesions in S. aureus,
and furthermore, serum exposed (from burns in an in vivo
rabbit model) increases S. aureus biofilm formation through
the enhancement of oxidative stress [39].

RT-gPCR analysis comparing gene expression in the S.
mutans UA159 strain and the VicK two-component system
mutant revealed that the genes encoding murinases (SmaA
and Smu.2146c) were affected by the presence of serum
[42]. Furthermore, it was demonstrated that the deletion of
smaA and smu.2146 in S. mutans significantly reduces biofilm
production [43]. We analyzed in silico by BLAST (Basic Local
Alignment Search Tool) the similarity of the smaA gene of S.
mutans with the reference strains included in this study, and
found identity percentages of 72.73% for S. sanguinis SK36,
84.13% for S. gordonii str. Challis, and 79.55% for S. salivarius.
Thus, although there are no studies in the literature to date
comparing the influence of serum on biofilm formation in oral
Streptococcus spp. strains, these findings reveal that surface
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and cell wall proteins may be related to biofilm formation in
this species.

It has been demonstrated that for some microorganisms,
serum inhibits biofilm formation [44,45]. In Candida albicans,
human serum inhibited biofilm formation by reducing
adhesion and negatively regulating genes related to adhesion,
demonstrating a protective role against biofilm development
[44]. In Staphylococcus epidermidis, human serum exhibited
significant  antibiofilm against S.  epidermidis,
particularly through its protein components, although it did
not affect already established biofilms [45].

Saliva-derived biofilms exhibit varied compositions based
on the substrate and growth medium, with biotic surfaces
supporting more diverse microbiomes compared to abiotic
ones [50]. Thus, the in vitro biofilm performed in our
experiments includes abiotic surfaces of polystyrene (biofilm
in microplates) and glass slides (for SEM), which may explain
the lower biofilm formation in the presence of saliva on these
surfaces, as they were often weakly adhered and detached
during biofilm processing. Additionally, we performed biofilm
assays using mechanically stimulated saliva. The study by
Inui et al. (2019) demonstrates that mechanically stimulated

activity

saliva influences initial bacterial colonization, with differences
in binding activity observed between unstimulated and
stimulated saliva, showing less biofilm formation when saliva
is stimulated [51]. Our findings corroborate those showing
that saliva reduces biofilm biomass accumulation and alters
the spatial arrangements of the biofilm [48,49].

SEM analyses showed extensive biofilm and extracellular
matrix formation when the strains were grown in the
presence of human serum. Components present in the
serum may contribute to the formation of a denser and richer
extracellular matrix. Serum can provide an additional source
of proteins and glycoproteins. This can be observed in studies
showing that when dental plaque grows below the gum line,
it becomes isolated from saliva and, instead, is exposed to
gingival crevicular fluid, a serum exudate, which is rich in
proteins that can be released and bound by bacteria, serving
as a source of molecules in the subgingival dental plaque
matrix [52].

It is important to highlight that part of the success of
streptococci as colonizers and biofilm formers is attributable
to the spectrum of proteins expressed on their surfaces.
Adhesins enable interactions with salivary, serum, and
extracellular matrix components. This is the first essential step
for colonization, the development of complex communities,
and potential host tissue invasion [53]. Thus, it is suggested to
conduct more detailed molecular evaluations on the strains
analyzed in this study, such as assessing the expression
of genes that regulate surface proteins, in order to better
understand what influences biofilm formation behavior in the
presence of saliva or human serum in these species.

CONCLUSIONS

In conclusion, the results obtained in this study indicate that:

« The IE isolates of S. sanguinis, S. gordonii and one strain
of S. salivarius showed slower growth when compared to
the reference strains.

«  Most strains of S. sanguinis, S. gordonii and S. salivarius
showed a significant increase in biofilm formation in the
presence of human serum.

«  The initial biofilm formation observed by SEM showed
greater biofilm formation in the presence of serum.
These results suggest that components of human serum can
modulate biofilm formation among the Streptococcus spp.
strains analyzed, which may contribute to the formation of
vegetations in endocarditis lesions. Thus, understanding
the mechanisms of biofilm formation of these species may
offer new perspectives for therapeutic strategies in the

management of infective endocarditis.

Acknowledgment

We would like to thank the Dante Pazzanese Institute of
Cardiology for providing the clinical isolates and the medical
team for their essential support. We also thank University
of Campinas (UNICAMP), especially the Microbiology and
Immunology Laboratory, for their contributions to the
laboratory analysis. This study was funded by the Sao Paulo
Research Foundation(FAPESP)(FAPESP Process2023/02087-8).
Financial Support

This study was supported by the Sdo Paulo Research
Foundation (FAPESP; grant no. 2023/02087-8; 2021/13074-9.
JLD was supported by FAPESP (fellowships no. 2023/10623-
7). LLSO, RES, RAS, LFS and EMF were supported by CAPES
Foundation fellowships.

Ethical statement

This study was conducted in strict accordance with the
National Commission on Ethics in Experimentation (CONEP),
Brazil.

REFERENCES

1. Holland TL, Baddour LM, Bayer AS, Hoen B, Miro M,
Fowler VG. Infective endocarditis. Nat Rev Dis Primers
2016;2:1-23. https://doi.org/10.1038/nrdp.2016.59.

2. Murdoch D, GR C, B H, J]M M, Jr FV, AS B, et al.

Clinical Presentation, Etiology, and Outcome of
Infective Endocarditis in the 21st Century. Arch
Intern Med 2009;169:463. https://doi.org/10.1001/

archinternmed.2008.603.

3. Hoen B, Duval X. Clinical practice. Infective endocarditis.
N Engl) Med 2013;368:1425-33. https://doi.org/10.1056/

Open Access, Volume 10, 2025

Page - 8


https://pubmed.ncbi.nlm.nih.gov/27582414/
https://pubmed.ncbi.nlm.nih.gov/27582414/
https://pubmed.ncbi.nlm.nih.gov/27582414/
https://pubmed.ncbi.nlm.nih.gov/19273776/
https://pubmed.ncbi.nlm.nih.gov/19273776/
https://pubmed.ncbi.nlm.nih.gov/19273776/
https://pubmed.ncbi.nlm.nih.gov/19273776/
https://pubmed.ncbi.nlm.nih.gov/19273776/
https://pubmed.ncbi.nlm.nih.gov/23574121/
https://pubmed.ncbi.nlm.nih.gov/23574121/

Livia A. Alves

Directive Publications

10.

11.

12.

13.

NEJMcp1206782.

Kanafani ZA, Mahfouz TH, Kanj SS. Infective Endocarditis
at a Tertiary Care Centre in Lebanon: Predominance
of Streptococcal Infection. Journal of Infection
2002;45:152-9. https://doi.org/10.1053/jinf.2002.1041.

Mylonakis E, Calderwood SB. Infective Endocarditis in
Adults. New England Journal of Medicine 2001;345:1318-
30. https://doi.org/10.1056/NEJMra010082.

Edlund A, Yang Y, Yooseph S, He X, Shi W, McLean
JS. Uncovering complex microbiome activities via
metatranscriptomics during 24 hours of oral biofilm
assembly and maturation. Microbiome 2018;6:217.
https://doi.org/10.1186/s40168-018-0591-4.

Rosan B, Lamont RJ. Dental plaque formation. Microbes
Infect 2000;2:1599-607. https://doi.org/10.1016/51286-
4579(00)01316-2.

Dhotre S V., Davane MS, Nagoba BS. Periodontitis,
bacteremia and infective endocarditis: A review study.
Arch Pediatr Infect Dis 2017;5. https://doi.org/10.5812/
pedinfect.41067.

Carinci F, Martinelli M, Contaldo M, Santoro R, Pezzetti
F, Lauritano D, et al. Focus on periodontal disease and
development of endocarditis. ] Biol Regul Homeost
Agents 2018;32:143-7.

Loo CY, Corliss DA, Ganeshkumar N. Streptococcus
gordonii Biofilm Formation: Identification of Genes that
Code for Biofilm Phenotypes. ] Bacteriol 2000;182:1374-
82. https://doi.org/10.1128/)B.182.5.1374-1382.2000.

Xu P, Alves JM, Kitten T, Brown A, Chen Z, Ozaki LS, et al.
Genome of the Opportunistic Pathogen Streptococcus
sanguinis. ] Bacteriol 2007;189:3166-75. https://doi.
org/10.1128/)B.01808-06.

Delorme C, Poyart C, Ehrlich SD, Renault P. Extent of
Horizontal Gene Transfer in Evolution of Streptococci
of the Salivarius Group. J Bacteriol 2007;189:1330-41.
https://doi.org/10.1128/)B.01058-06.

Palma TH, Harth-Chu EN, Scott J, Stipp RN, Boisvert H,
Salomao MF, etal. Oral cavities of healthy infants harbour
high proportions of Streptococcus salivarius strains with
phenotypic and genotypic resistance to multiple classes
of antibiotics. ] Med Microbiol 2016;65:1456-64. https://
doi.org/10.1099/jmm.0.000377.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Abranches J, Zeng L, Kajfasz JK, Palmer S, Chakraborty
B, Wen Z, et al. Biology of oral streptococci. Gram-
Positive Pathogens 2019:426-34. https://doi.
org/10.1128/9781683670131.ch26.

Kreth ], Merritt ], Qi F. Bacterial and host interactions
of oral streptococci. DNA Cell Biol 2009;28:397-403.
https://doi.org/10.1089/dna.2009.0868.

Chamat-Hedemand S, Dahl A, @stergaard L, Arpi M,
Fosbgl E, Boel], et al. Prevalence of Infective Endocarditis
in Streptococcal Bloodstream Infections Is Dependent
on Streptococcal Species. Circulation 2020;142:720-30.
https://doi.org/10.1161/CIRCULATIONAHA.120.046723.

Nakatani S, Mitsutake K, Ohara T, Kokubo Y, Yamamoto
H, Hanai S, et al. Recent Picture of Infective Endocarditis
in Japan. Circulation Journal 2013;77:1558-64. https://
doi.org/10.1253/circj.CJ-12-1101.

Kreth J, Merritt J, Qi F. Bacterial and Host Interactions
of Oral Streptococci. DNA Cell Biol 2009;28:397-403.
https://doi.org/10.1089/dna.2009.0868.

Alves LA, De Carli TR, Chu ENH, Mariano FIS, Hofling
JF, Stipp RN, et al. Oral streptococci show diversity in
resistance to complement immunity. ] Med Microbiol
2019;68:600-8. https://doi.org/10.1099/jmm.0.000955.

Alves LA, Nomura R, Mariano FS, Harth-Chu EN, Stipp RN,
Nakano K, et al. CovR regulates Streptococcus mutans
susceptibility to complement immunity and survival
in blood. Infect Immun 2016;84:3206-19. https://doi.
org/10.1128/IA1.00406-16.

Herzberg MC. Platelet-streptococcal interactions in
endocarditis. Critical Reviews in Oral Biology and
Medicine 1996;7:222-36. https://doi.org/10.1177/10454
411960070030201.

Kim SL, Gordon S, Shrestha N. Distribution of
Streptococcal Groups Causing Infective Endocarditis:
A Descriptive Study. Open Forum Infect Dis 2016;3.
https://doi.org/10.1093/ofid/ofw172.815.

Thoresen T, Jordal S, Lie S-A, Winsche F, Jacobsen MR,
Lund B.
origin of causing bacteria and findings during oral
infection screening. BMC Oral Health 2022;22:1-8.
https://doi.org/10.1186/512903-022-02509-3.

Infective endocarditis: association between

Bumm C V., Folwaczny M. Infective endocarditis and

Open Access, Volume 10, 2025

Page -9


https://pubmed.ncbi.nlm.nih.gov/23574121/
https://pubmed.ncbi.nlm.nih.gov/12387770/
https://pubmed.ncbi.nlm.nih.gov/12387770/
https://pubmed.ncbi.nlm.nih.gov/12387770/
https://pubmed.ncbi.nlm.nih.gov/12387770/
https://pubmed.ncbi.nlm.nih.gov/11794152/
https://pubmed.ncbi.nlm.nih.gov/11794152/
https://pubmed.ncbi.nlm.nih.gov/11794152/
https://pubmed.ncbi.nlm.nih.gov/30522530/
https://pubmed.ncbi.nlm.nih.gov/30522530/
https://pubmed.ncbi.nlm.nih.gov/30522530/
https://pubmed.ncbi.nlm.nih.gov/30522530/
https://pubmed.ncbi.nlm.nih.gov/30522530/
https://pubmed.ncbi.nlm.nih.gov/11113379/
https://pubmed.ncbi.nlm.nih.gov/11113379/
https://pubmed.ncbi.nlm.nih.gov/11113379/
https://brieflands.com/articles/apid-55785
https://brieflands.com/articles/apid-55785
https://brieflands.com/articles/apid-55785
https://brieflands.com/articles/apid-55785
https://pubmed.ncbi.nlm.nih.gov/29460534/
https://pubmed.ncbi.nlm.nih.gov/29460534/
https://pubmed.ncbi.nlm.nih.gov/29460534/
https://pubmed.ncbi.nlm.nih.gov/29460534/
https://pmc.ncbi.nlm.nih.gov/articles/PMC94426/
https://pmc.ncbi.nlm.nih.gov/articles/PMC94426/
https://pmc.ncbi.nlm.nih.gov/articles/PMC94426/
https://pmc.ncbi.nlm.nih.gov/articles/PMC94426/
https://pubmed.ncbi.nlm.nih.gov/17277061/
https://pubmed.ncbi.nlm.nih.gov/17277061/
https://pubmed.ncbi.nlm.nih.gov/17277061/
https://pubmed.ncbi.nlm.nih.gov/17277061/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1797340/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1797340/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1797340/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1797340/
https://pubmed.ncbi.nlm.nih.gov/27902365/
https://pubmed.ncbi.nlm.nih.gov/27902365/
https://pubmed.ncbi.nlm.nih.gov/27902365/
https://pubmed.ncbi.nlm.nih.gov/27902365/
https://pubmed.ncbi.nlm.nih.gov/27902365/
https://pubmed.ncbi.nlm.nih.gov/27902365/
https://pubmed.ncbi.nlm.nih.gov/30338752/
https://pubmed.ncbi.nlm.nih.gov/30338752/
https://pubmed.ncbi.nlm.nih.gov/30338752/
https://pubmed.ncbi.nlm.nih.gov/30338752/
https://pubmed.ncbi.nlm.nih.gov/19435424/
https://pubmed.ncbi.nlm.nih.gov/19435424/
https://pubmed.ncbi.nlm.nih.gov/19435424/
https://pubmed.ncbi.nlm.nih.gov/32580572/
https://pubmed.ncbi.nlm.nih.gov/32580572/
https://pubmed.ncbi.nlm.nih.gov/32580572/
https://pubmed.ncbi.nlm.nih.gov/32580572/
https://pubmed.ncbi.nlm.nih.gov/32580572/
https://pubmed.ncbi.nlm.nih.gov/23524445/
https://pubmed.ncbi.nlm.nih.gov/23524445/
https://pubmed.ncbi.nlm.nih.gov/23524445/
https://pubmed.ncbi.nlm.nih.gov/23524445/
https://pubmed.ncbi.nlm.nih.gov/19435424/
https://pubmed.ncbi.nlm.nih.gov/19435424/
https://pubmed.ncbi.nlm.nih.gov/19435424/
https://pubmed.ncbi.nlm.nih.gov/30843785/
https://pubmed.ncbi.nlm.nih.gov/30843785/
https://pubmed.ncbi.nlm.nih.gov/30843785/
https://pubmed.ncbi.nlm.nih.gov/30843785/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5067753/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5067753/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5067753/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5067753/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5067753/
https://www.researchgate.net/publication/14296963_Platelet-Streptococcal_Interactions_in_Endocarditis
https://www.researchgate.net/publication/14296963_Platelet-Streptococcal_Interactions_in_Endocarditis
https://www.researchgate.net/publication/14296963_Platelet-Streptococcal_Interactions_in_Endocarditis
https://www.researchgate.net/publication/14296963_Platelet-Streptococcal_Interactions_in_Endocarditis
https://pubmed.ncbi.nlm.nih.gov/29567126/
https://pubmed.ncbi.nlm.nih.gov/29567126/
https://pubmed.ncbi.nlm.nih.gov/29567126/
https://pubmed.ncbi.nlm.nih.gov/29567126/
https://pubmed.ncbi.nlm.nih.gov/36376875/
https://pubmed.ncbi.nlm.nih.gov/36376875/
https://pubmed.ncbi.nlm.nih.gov/36376875/
https://pubmed.ncbi.nlm.nih.gov/36376875/
https://pubmed.ncbi.nlm.nih.gov/36376875/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10585279/

Livia A. Alves

Directive Publications

25.

26.

27.

28.

29.

30.

31.

32.

33.

oral health—a Narrative Review. Cardiovasc Diagn Ther
2021;11:1403-15. https://doi.org/10.21037/cdt-20-908.

Schwartz FA, Christophersen L, Laulund AS, Lundquist
R, Lerche C, Rude Nielsen P, et al. Novel human in vitro
vegetation simulation model for infective endocarditis.
APMIS  2021;129:653-62.  https://doi.org/10.1111/
apm.13182.

Radcliffe C, Oen-Hsiao J, Grant M. More than Garden
Variety: Massive Vegetations from Infective Endocarditis.
Pathogens 2020;9:998. https://doi.org/10.3390/
pathogens9120998.

Flemming H-C, van Hullebusch ED, Neu TR, Nielsen
PH, Seviour T, Stoodley P, et al. The biofilm matrix:
multitasking in a shared space. Nat Rev Microbiol
2023;21. https://doi.org/10.1038/s41579-022-00791-0.
Bohning ], Tarafder AK, Bharat TAM. The role
of filamentous matrix molecules in shaping the
architecture and emergent properties of bacterial
biofilms. Biochemical Journal 2024;481. https://doi.

org/10.1042/BCJ20210301.

He W, Liu H, Wang Z, Tay FR, Shen Y. The dynamics
of bacterial proliferation, viability, and extracellular
polymeric substancesin oral biofilm development. ] Dent
2024;143. https://doi.org/10.1016/j.jdent.2024.104882.

Marsh PD. Dental plaque as a biofilm and a microbial
community - implications for health and disease. BMC
Oral Health 2006;6. https://doi.org/10.1186/1472-6831-
6-51-S14.

Fernandes CP, Oliveira FAF, Silva PGDB, Alves APNN,
Mota MRL, Montenegro RC, et al. Molecular analysis
of oral bacteria in dental biofilm and atherosclerotic
Int J
https://doi.org/10.1016/j.

plaques of patients with vascular disease.
Cardiol  2014;174:710-2.
ijcard.2014.04.201.

Bowen WH, Burne RA, Wu H, Koo H. Oral Biofilms:
Pathogens, Matrix, and Polymicrobial Interactions in
Microenvironments. Trends Microbiol 2018;26:229-42.
https://doi.org/10.1016/j.tim.2017.09.008.

Garnier F, Gerbaud G, Courvalin P, Galimand M.
Identification of clinically relevant viridans group
streptococci to the species level by PCR. ] Clin
Microbiol 1997;35:2337-41. https://doi.org/10.1128/
jcm.35.9.2337-2341.1997.

34

35.

36.

37.

38.

39.

40.

41.

42.

. Camargo TM, Stipp RN, Alves LA, Harth-Chu EN, Hofling
JF, Mattos-Graner RO. Novel twocomponent system of
Streptococcus sanguinis affecting functions associated
with viability in saliva and biofilm formation. Infect
Immun 2018;86. https://doi.org/10.1128/1A1.0094217.

DuqueC, StippRN, Wang B, Smith D), H6fling]F, Kuramitsu
HK, et al. Downregulation of GbpB, a Component of
the VicRK Regulon, Affects Biofilm Formation and Cell
Surface Characteristics of Streptococcus mutans.
Infect Immun 2011;79:786-96. https://doi.org/10.1128/
IA1.00725-10.

Scheld WM, Valone JA, Sande MA. Bacterial adherence
in the pathogenesis of endocarditis. Interaction of
bacterial dextran, platelets, and fibrin. Journal of
Clinical Investigation 1978;61:1394-404. https://doi.
org/10.1172/JCI109057.

Breznak JA, Costilow RN. Physicochemical Factors
in Growth. Methods for General and Molecular
Microbiology, Washington, DC, USA: ASM Press; 2014, p.
309-29. https://doi.org/10.1128/9781555817497.ch14.

Khan RA, Sarmah R. Factors influencing microbial
growth in the human oral cavity. Reviews and Research
in Medical Microbiology 2023;34:123-9. https://doi.
org/10.1097/MRM.0000000000000338.

Yin S, Jiang B, Huang G, Gong Y, You B, Yang Z, et al.
Burn Serum Increases Staphylococcus aureus Biofilm
Formation via Oxidative Stress. Front Microbiol 2017;8.
https://doi.org/10.3389/fmicb.2017.01191.

Yin S, Jiang B, Huang G, Zhang Y, You B, Chen Y, et al. The
Interaction of N-Acetylcysteine and Serum Transferrin
Promotes Bacterial Biofilm Formation. Cellular
Physiology and Biochemistry 2018;45:1399-409. https://
doi.org/10.1159/000487566.

Abraham NM, Jefferson KK. A low molecular weight
component of serum inhibits biofilm formation in
Staphylococcus aureus. Microb Pathog 2010;49:388-91.
https://doi.org/10.1016/j.micpath.2010.07.005.

Alves LA, Harth-Chu EN, Palma TH, Stipp RN, Mariano
FS, Hofling JF, et al. The twocomponent system VicRK
regulates functions associated with Streptococcus
mutans resistance to complement immunity. Mol Oral
Microbiol  2017;32:419-31.  https://doi.org/10.1111/

omi.12183.

Open Access, Volume 10, 2025

Page - 10


https://pmc.ncbi.nlm.nih.gov/articles/PMC10585279/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10585279/
https://pubmed.ncbi.nlm.nih.gov/34580927/
https://pubmed.ncbi.nlm.nih.gov/34580927/
https://pubmed.ncbi.nlm.nih.gov/34580927/
https://pubmed.ncbi.nlm.nih.gov/34580927/
https://pubmed.ncbi.nlm.nih.gov/34580927/
https://pubmed.ncbi.nlm.nih.gov/33260314/
https://pubmed.ncbi.nlm.nih.gov/33260314/
https://pubmed.ncbi.nlm.nih.gov/33260314/
https://pubmed.ncbi.nlm.nih.gov/33260314/
https://pubmed.ncbi.nlm.nih.gov/36127518/
https://pubmed.ncbi.nlm.nih.gov/36127518/
https://pubmed.ncbi.nlm.nih.gov/36127518/
https://pubmed.ncbi.nlm.nih.gov/36127518/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10903470/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10903470/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10903470/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10903470/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10903470/
https://pubmed.ncbi.nlm.nih.gov/38331378/
https://pubmed.ncbi.nlm.nih.gov/38331378/
https://pubmed.ncbi.nlm.nih.gov/38331378/
https://pubmed.ncbi.nlm.nih.gov/38331378/
https://pubmed.ncbi.nlm.nih.gov/16934115/
https://pubmed.ncbi.nlm.nih.gov/16934115/
https://pubmed.ncbi.nlm.nih.gov/16934115/
https://pubmed.ncbi.nlm.nih.gov/16934115/
https://www.mdpi.com/2077-0383/14/2/371
https://www.mdpi.com/2077-0383/14/2/371
https://www.mdpi.com/2077-0383/14/2/371
https://www.mdpi.com/2077-0383/14/2/371
https://www.mdpi.com/2077-0383/14/2/371
https://www.mdpi.com/2077-0383/14/2/371
https://pubmed.ncbi.nlm.nih.gov/29097091/
https://pubmed.ncbi.nlm.nih.gov/29097091/
https://pubmed.ncbi.nlm.nih.gov/29097091/
https://pubmed.ncbi.nlm.nih.gov/29097091/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7696602/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7696602/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7696602/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7696602/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7696602/
https://pubmed.ncbi.nlm.nih.gov/29339459/
https://pubmed.ncbi.nlm.nih.gov/29339459/
https://pubmed.ncbi.nlm.nih.gov/29339459/
https://pubmed.ncbi.nlm.nih.gov/29339459/
https://pubmed.ncbi.nlm.nih.gov/29339459/
https://pubmed.ncbi.nlm.nih.gov/21078847/
https://pubmed.ncbi.nlm.nih.gov/21078847/
https://pubmed.ncbi.nlm.nih.gov/21078847/
https://pubmed.ncbi.nlm.nih.gov/21078847/
https://pubmed.ncbi.nlm.nih.gov/21078847/
https://pubmed.ncbi.nlm.nih.gov/21078847/
https://pubmed.ncbi.nlm.nih.gov/659601/
https://pubmed.ncbi.nlm.nih.gov/659601/
https://pubmed.ncbi.nlm.nih.gov/659601/
https://pubmed.ncbi.nlm.nih.gov/659601/
https://pubmed.ncbi.nlm.nih.gov/659601/
https://www.researchgate.net/publication/355101665_Assessing_microbial_growth_of_six_pure_cultures_grown_anaerobically_using_optical_density_ATP_measurements_DNA_concentrations_and_16S_rRNA_targeted_qPCR_to_compare_commonly_used_techniques_in_lab_and_
https://www.researchgate.net/publication/355101665_Assessing_microbial_growth_of_six_pure_cultures_grown_anaerobically_using_optical_density_ATP_measurements_DNA_concentrations_and_16S_rRNA_targeted_qPCR_to_compare_commonly_used_techniques_in_lab_and_
https://www.researchgate.net/publication/355101665_Assessing_microbial_growth_of_six_pure_cultures_grown_anaerobically_using_optical_density_ATP_measurements_DNA_concentrations_and_16S_rRNA_targeted_qPCR_to_compare_commonly_used_techniques_in_lab_and_
https://www.researchgate.net/publication/355101665_Assessing_microbial_growth_of_six_pure_cultures_grown_anaerobically_using_optical_density_ATP_measurements_DNA_concentrations_and_16S_rRNA_targeted_qPCR_to_compare_commonly_used_techniques_in_lab_and_
https://www.researchgate.net/publication/371990858_Factors_influencing_microbial_growth_in_the_human_oral_cavity
https://www.researchgate.net/publication/371990858_Factors_influencing_microbial_growth_in_the_human_oral_cavity
https://www.researchgate.net/publication/371990858_Factors_influencing_microbial_growth_in_the_human_oral_cavity
https://www.researchgate.net/publication/371990858_Factors_influencing_microbial_growth_in_the_human_oral_cavity
https://www.researchgate.net/publication/318164630_Burn_Serum_Increases_Staphylococcus_aureus_Biofilm_Formation_via_Oxidative_Stress
https://www.researchgate.net/publication/318164630_Burn_Serum_Increases_Staphylococcus_aureus_Biofilm_Formation_via_Oxidative_Stress
https://www.researchgate.net/publication/318164630_Burn_Serum_Increases_Staphylococcus_aureus_Biofilm_Formation_via_Oxidative_Stress
https://www.researchgate.net/publication/318164630_Burn_Serum_Increases_Staphylococcus_aureus_Biofilm_Formation_via_Oxidative_Stress
https://pubmed.ncbi.nlm.nih.gov/29462817/
https://pubmed.ncbi.nlm.nih.gov/29462817/
https://pubmed.ncbi.nlm.nih.gov/29462817/
https://pubmed.ncbi.nlm.nih.gov/29462817/
https://pubmed.ncbi.nlm.nih.gov/29462817/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10459130/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10459130/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10459130/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10459130/
https://pubmed.ncbi.nlm.nih.gov/28382721/
https://pubmed.ncbi.nlm.nih.gov/28382721/
https://pubmed.ncbi.nlm.nih.gov/28382721/
https://pubmed.ncbi.nlm.nih.gov/28382721/
https://pubmed.ncbi.nlm.nih.gov/28382721/
https://pubmed.ncbi.nlm.nih.gov/28382721/
https://pubmed.ncbi.nlm.nih.gov/28382721/

Livia A. Alves

Directive Publications

43.

44,

45.

46.

47.

48.

Stipp RN, Boisvert H, Smith DJ, Hofling JF, Duncan M),
Mattos-Graner RO. CovR and VicRK Regulate Cell Surface
Biogenesis Genes Required for Biofilm Formation in
Streptococcus mutans. PLoS One 2013;8. https://doi.
org/10.1371/journal.pone.0058271.

Ding X, Liu Z, Su}J, Yan D. Human serum inhibits adhesion
in Candida albicans. BMC
https://doi.org/10.1186/1471-

and biofilm formation
Microbiol 2014;14:80.

2180-14-80.

She P, Chen L, Qi Y, Xu H, Liu Y, Wang Y, et al. Effects of
human serum and apo-Transferrin on Staphylococcus
epidermidis RP62A biofilm formation. Microbiologyopen
2016;5:957- 66. https://doi.org/10.1002/mb03.379.

Biyikoglu B, Ricker A, Diaz PI. Strain-specific colonization
patterns and serum modulation of multi-species oral
biofilm development. Anaerobe 2012;18:459-70.
https://doi.org/10.1016/j.anaerobe.2012.06.003.

Simon-Soro A, Ren Z, Krom BP, Hoogenkamp MA,
Cabello-Yeves PJ, SG, Polymicrobial
Aggregates in Human Saliva Build the Oral Biofilm. MBio
2022;13. https://doi.org/10.1128/mbio.00131-22.

Daniel et al.

Choi A, Dong K, Williams E, Pia L, Batagower ], Bending
P, et al. Human saliva modifies growth, biofilm
architecture, and competitive behaviors of oral
streptococci. MSphere 2024;9. https://doi.org/10.1128/
msphere.00771-23.

49.

50.

51.

52.

53.

Choi A, Dong K, Williams E, Pia L, Batagower J, Bending P,
etal.Human Saliva Modifies Growth, Biofilm Architecture
and Competitive Behaviors of Oral Streptococci 2023.
https://doi.org/10.1101/2023.08.21.554151.

Li X, Shang L, Brandt BW, Buijs MJ, Roffel S, van Loveren
C, et al. Saliva-derived microcosm biofilms grown on
different oral surfaces in vitro. NPJ Biofilms Microbiomes
2021;7:74. https://doi.org/10.1038/s41522-021-00246-z.

Inui T, Palmer R}, Shah N, Li W, Cisar JO, Wu CD. Effect of
mechanically stimulated saliva on initial human dental
biofilm formation. Sci Rep 2019;9:11805. https://doi.
org/10.1038/s41598-019-48211-3.

Cross BW, Ruhl S. Glycan recognition at the saliva - oral
microbiome interface. Cell Immunol 2018;333:19-33.
https://doi.org/10.1016/j.cellimm.2018.08.008.

Nobbs AH, Lamont RJ, Jenkinson HF. Streptococcus
Adherence and Colonization. Microbiology and
Molecular Biology Reviews 2009;73:407-50. https://doi.
org/10.1128/mmbr.00014-09.

Open Access, Volume 10, 2025

Page - 11


https://pubmed.ncbi.nlm.nih.gov/23554881/
https://pubmed.ncbi.nlm.nih.gov/23554881/
https://pubmed.ncbi.nlm.nih.gov/23554881/
https://pubmed.ncbi.nlm.nih.gov/23554881/
https://pubmed.ncbi.nlm.nih.gov/23554881/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10266687/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10266687/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10266687/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10266687/
https://pubmed.ncbi.nlm.nih.gov/27185376/
https://pubmed.ncbi.nlm.nih.gov/27185376/
https://pubmed.ncbi.nlm.nih.gov/27185376/
https://pubmed.ncbi.nlm.nih.gov/27185376/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4924255/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4924255/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4924255/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4924255/
https://pubmed.ncbi.nlm.nih.gov/35189700/
https://pubmed.ncbi.nlm.nih.gov/35189700/
https://pubmed.ncbi.nlm.nih.gov/35189700/
https://pubmed.ncbi.nlm.nih.gov/35189700/
https://pubmed.ncbi.nlm.nih.gov/38319113/
https://pubmed.ncbi.nlm.nih.gov/38319113/
https://pubmed.ncbi.nlm.nih.gov/38319113/
https://pubmed.ncbi.nlm.nih.gov/38319113/
https://pubmed.ncbi.nlm.nih.gov/38319113/
https://www.biorxiv.org/content/10.1101/2023.08.21.554151v1.full
https://www.biorxiv.org/content/10.1101/2023.08.21.554151v1.full
https://www.biorxiv.org/content/10.1101/2023.08.21.554151v1.full
https://www.biorxiv.org/content/10.1101/2023.08.21.554151v1.full
https://pubmed.ncbi.nlm.nih.gov/34504090/
https://pubmed.ncbi.nlm.nih.gov/34504090/
https://pubmed.ncbi.nlm.nih.gov/34504090/
https://pubmed.ncbi.nlm.nih.gov/34504090/
https://pubmed.ncbi.nlm.nih.gov/31413280/
https://pubmed.ncbi.nlm.nih.gov/31413280/
https://pubmed.ncbi.nlm.nih.gov/31413280/
https://pubmed.ncbi.nlm.nih.gov/31413280/
https://pubmed.ncbi.nlm.nih.gov/30274839/
https://pubmed.ncbi.nlm.nih.gov/30274839/
https://pubmed.ncbi.nlm.nih.gov/30274839/
https://pubmed.ncbi.nlm.nih.gov/19721085/
https://pubmed.ncbi.nlm.nih.gov/19721085/
https://pubmed.ncbi.nlm.nih.gov/19721085/
https://pubmed.ncbi.nlm.nih.gov/19721085/

	Title
	Abstract
	Keywords
	Highlight
	Introduction
	Material And Methods
	Samples of blood, serum and saliva
	Culture conditions and growth curves
	Bacterial DNA extraction
	Identification of Streptococcus spp. by PCR with species-specific primers
	Analysis of biofilm formation in the presence of human saliva and serum
	Analysis of biofilm formation by scanning electron microscopy (SEM)
	Data analysis

	Results
	Taxonomic identification and patterns of planktonic growth
	Serum increases biofilm formation in oral species of streptococci in a strain-specific fashion
	Serum increases the thickness and formation of extracellular matrix in Streptococcus spp. by SEM 

	Discussion
	Conclusions
	Acknowledgment
	Financial Support 
	Ethical statement 
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4

