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Streptococcus pyogenes infections often fail to respond to antibiotic therapy, leading to persistent throat
carriage and recurrent infections. Such failures cannot always be explained by the occurrence of antibiotic
resistance determinants, and it has been suggested that S. pyogenes may enter epithelial cells to escape
antibiotic treatment. We investigated 289 S. pyogenes strains isolated from different clinical sources to evaluate
their ability to form biofilm as an alternative method to escape antibiotic treatment and host defenses. Up to
90% of S. pyogenes isolates, from both invasive and noninvasive infections, were able to form biofilm. Specific
emm types, such as emm6, appeared to be more likely to produce biofilm, although variations within strains
belonging to the same type might suggest biofilm formation to be a trait of individual strains rather than a
general attribute of a serotype. Interestingly, erythromycin-susceptible isolates formed a significantly thicker
biofilm than resistant isolates (P < 0.05). Among resistant strains, those carrying the erm class determinants
formed a less organized biofilm than the mef(A)-positive strains. Also, prtF1 appeared to be negatively
associated with the ability to form biofilm (P < 0.01). Preliminary data on a selection of strains indicated that
biofilm-forming isolates entered epithelial cells with significantly lower efficiency than biofilm-negative strains.
We suggest that prtF1-negative macrolide-susceptible or mef(A)-carrying isolates, which are poorly equipped to
enter cells, may use biofilm to escape antimicrobial treatments and survive within the host. In this view, biofilm
formation by S. pyogenes could be responsible for unexplained treatment failures and recurrences due to

susceptible microorganisms.

Biofilm formation is recognized as an important virulence fac-
tor for both opportunistic pathogens (such as coagulase-negative
staphylococci or enterococci) and “true” pathogens (such as
Staphylococcus aureus or Pseudomonas aeruginosa) (32).

Streptococcus pyogenes (group A streptococcus [GAS]) is an
important human pathogen that causes a variety of clinical
manifestations ranging from noninvasive diseases, such as
pharyngitis and impetigo, to more-severe, invasive infections,
including necrotizing fasciitis, sepsis, and toxic shock-like syn-
drome (14). A large number of secreted or cell-attached viru-
lence factors expressed by this microorganism have been in-
vestigated so far (5, 14). As far as biofilm is concerned,
streptococcal species such as Streptococcus gordonii and Strep-
tococcus mutans are well-known biofilm formers (17, 26), and
recent observations suggesting that biofilm may also have a
role in S. pyogenes infections have been reported. Hidalgo-
Grass and colleagues (24) have observed that structured com-
munities appear to be present in necrotizing fasciitis lesions,
and Neely et al. (30) found similar characteristics in a model of
S. pyogenes myositis in zebrafish. Akiyama et al. (1) reported
that S. pyogenes from a murine model of impetigo was embed-
ded in glycocalyx, a feature also observed with human lesions.

While still uniformly susceptible to penicillin, S. pyogenes
strains may be resistant to macrolides, with resistance rates
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which vary considerably in different countries (11) and which
are particularly elevated in Italy (13, 37). The extensive study
of erythromycin-resistant S. pyogenes isolates in Italy confirmed
the well-established phenotypic heterogeneity of these or-
ganisms, which results from the differentiation into the M
phenotype (accounting for ca. 50% of Italian resistant iso-
lates), the constitutive macrolide-lincosamide-streptogramin B
resistance phenotype (15 to 20%), and the inducible macrolide-
lincosamide-streptogramin B resistance phenotype (30 to 35%)
(23, 37).

At any rate, several cases of recurrent infections (4), treat-
ment failures of streptococcal pharyngitis (4, 22), and persis-
tent throat carriage of S. pyogenes (34) which cannot be ex-
plained by antibiotic resistance are often observed (10).
Facinelli et al. (18) provided a possible explanation of such
phenomena by showing that erythromycin-resistant S. pyogenes
invades epithelial cells, thus escaping antimicrobial treatment
and the host immune response, by means of the prtFI gene,
which encodes a protein involved in bacterial internalization
into cells (25) and which is strongly associated with erythro-
mycin resistance. A prominent feature shared by the S. pyo-
genes protein F1 and other high-affinity fibronectin-binding
proteins is a structure containing tandem repeats 32 to 50
amino acids long, found adjacent to the conserved C-terminal
cell attachment domain (19). In particular, protein F1 contains
two fibronectin-binding domains, of which the one located
towards the C terminus of the molecule, repeat domain type 2
(RD2), has been reported to contain a variable number of
repeats, ranging from 1 to 6 (29, 31, 35).

As biofilm is known to provide organisms with an improved
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TABLE 1. emm types and antibiotic resistance gene patterns
of S. pyogenes strains examined in this study

No. of strains with antibiotic resistance gene pattern

Total no.
emm P ¢ isolates
mef(A) erm(B) erm(A) Other(s)

emm1 35 2

emm? 11 6 1 3 [mef(A) tet(O)]

emm3 25

emmé 31 14 2 12 [11 mef(A) tet(O)
and 1 erm(B)
tet(0)]

emmS 10 1 1

emmb6 18 3

emm9 6 1

emml1 5 1 [tet(M)]

emm12 19 8 3 1 [erm(B) tet(M)]

emm13 1 1

emml14 1 1

emm18 9 1 1 [erm(B) tet(M)]

emm?22 15 8 2 4 [erm(B) tet(M)]

emm?24 3

emm?28 8 2

emm?33 1

emm44/61 12 2 2

emm48 1

emm58 2 1 [tet(M)]

emm62 2 1 1 [tet(M)]

emm70 1 1 [tet(M)]

emm75 8 3

emm76 1

emm77 18 4 7 3 [erm(A) tet(O)]

emm78 10

emm79 1

emm87 1 2 [1 tet(M) and 1
erm(A) tet(O)]

emm89 25 20 1 [erm(B) mef(A)]

emm102 1

emm108 4

emm118 4

Total 289 36 50 10 31

antibiotic resistance, besides supporting colonization and per-
sistence, we started to investigate the ability of S. pyogenes to
form biofilm in a plate test model (9) and found that several
strains appeared to possess this characteristic (unpublished
observation). Such evaluation was thus extended to a larger
collection of S. pyogenes strains isolated from carriers, pharyn-
gitis, and invasive diseases to evaluate a possible relationship
between biofilm formation ability, clinical source, and antibi-
otic resistance pattern.

MATERIALS AND METHODS

Bacteria. A total of 162 antibiotic-susceptible and 127 erythromycin- and/or
tetracycline-resistant S. pyogenes strains, collected in Italy between 1994 and
2005, were examined in this study. They included 133 strains isolated during two
national enhanced surveillances on severe GAS infections conducted in Italy
from 1994 to 1996 (36, 38) and 2003 to 2004 (the latter within the Fifth Frame-
work Strep-Euro project on invasive GAS infections), 120 strains isolated from
throat swabs of patients without clinical symptoms (6, 12), and 36 previously
characterized strains isolated from pharyngitis (18, 35). Specifically, these pha-
ryngeal strains had been characterized for the presence of the prtF1 gene, RD2
types, cell invasiveness, and erythromycin resistance phenotype/genotype, includ-
ing MIC and detection of resistance genes erm(A) subclass erm(TR), erm(B), and
mef(A).

All strains (Table 1) had been emm typed previously by molecular methods
(13; unpublished data).
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Isolates were maintained in glycerol at —80°C and subcultured twice on
sheep blood agar before testing. Todd-Hewitt broth (THB) was used for
routine culture.

Antibiotic resistance. Macrolide resistance genes erm(B), erm(A) subclass
erm(TR), and mef(A) and tetracycline resistance genes fet(O) and tet(M) were
investigated by PCR as previously described (13, 23) (Table 1).

Biofilm formation. To test for biofilm formation, we used a quantitative ad-
herence assay previously described (2). Briefly, a 1:10 dilution of overnight
cultures in THB was used to inoculate wells in a microtiter polystyrene plate
containing THB. After growth for 18 h at 37°C in unmodified atmosphere,
atmosphere containing 5% CO,, or anaerobiosis, plates were gently washed
three times with phosphate-buffered saline (PBS), the adherent bacterial film
was fixed by air drying at 60°C for 1 h and then stained with Hucker’s crystal
violet, and excess stain was washed off with tap water. The optical density (OD)
of the biofilm was measured at 570 nm (ODs-,) with an automatic spectropho-
tometer (Novapath microplate reader; Bio-Rad Laboratories, Inc., CA). To
compensate for possible differences in growth rates under the different incuba-
tion conditions and/or for strains with different characteristics, e.g., antibiotic
resistance, the adherence index was adjusted as an estimate of the density of the
biofilm which would be generated by a culture with an ODg, of 0.5. Calculation
of the adherence index was done according to the following formula: adherence
index = mean density of biofilm (ODs,,) X 0.5/mean growth (ODgq).

Strains that gave OD readings below 0.061 (mean * 3 standard deviations
[SD] of the blank) were classified as non-biofilm formers.

PCR for prtF1. The prtF1 gene and the number of RD2 repeats within the gene
were detected by PCR using the DNA primer pairs reported by Neeman et al.
(31), as previously described (35). The number of RD2 repeats of prtF1 was
determined on the basis of the amplicon size, taking into account that one repeat
was 111 or 96 bp long (34). Marker XIV (Roche Molecular Biochemicals,
Mannheim, Germany) was used as the DNA size marker.

Scanning electron microscopy. Bacteria were grown in THB in 24-well plates
containing polystyrene coverslips. After overnight incubation at 37°C, coverslips
were rinsed twice in PBS and once in 0.1 M cacodylate buffer and fixed as
previously described (2) to preserve extracellular polysaccharide. Briefly, cells
were first fixed for 20 min with 0.1 M cacodylate-buffered 2.5% glutaraldehyde
containing 0.075% (wt/vol) ruthenium red (Merck, Darmstadt, Germany) and 75
mM lysine at room temperature. They were then fixed with the same solution but
without lysine for 2 h and finally fixed with 1% OsO, plus ruthenium red for an
additional hour. Samples were dehydrated through a graded series of ethanol,
critical point dried and gold sputtered, and examined by a Cambridge SE360
scanning electron microscope.

Cell invasion assay. Hep-2 cells (human epithelioid carcinoma; purchased
from ATCC, Manassas, VA) were cultivated in minimal essential medium sup-
plemented with 2 mM L-glutamine, 0.1 mM nonessential amino acids, and 10%
fetal calf serum.

The ability of bacteria to invade epithelial cells was assayed by an antibiotic
protection assay as previously described (3). Briefly, cells were seeded in 24-well
plates at a concentration of 50,000 cells/ml. Bacteria grown overnight in THB
were washed and suspended in the cell medium to give a bacterium-to-cell ratio
of 100:1. Epithelial cells were infected for 2 h at 37°C, washed, and further
incubated for 3 h in medium supplemented with 1% fetal calf serum and gen-
tamicin, 200 pg/ml. At the different time points, duplicate wells were washed and
lysed with 0.1% Triton X-100 in PBS for 5 min. Lysates were diluted and plated
on Todd-Hewitt agar plates to enumerate viable bacteria. Cell invasion efficiency
was defined by calculating the percentage of initial inoculum recovered after
killing of extracellular bacteria with antibiotics (low efficiency, <0.1%; high
efficiency, >0.1%).

Statistics. Significance of association of biofilm formation with the source of
isolation was determined by the Student ¢ test. Differences of optical density of
biofilm were analyzed for significance by the Wilcoxon test for related rankable
scores or the Mann-Whitney test; variance was analyzed according to Bonfer-
roni-Dunn. All evaluations were done with StatView 4.1 (Abacus Concept)
software on a Macintosh computer.

RESULTS

Culture conditions for biofilm formation. In preliminary
experiments, we evaluated the influence of temperature (37°C
versus 25°C) on 50 randomly chosen strains. Contrary to what
was reported by Cho and Caparon (8), who found the lower
temperature to support biofilm formation in S. pyogenes strain
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S.epidermidis ATCC 35984
ODg0m = 2.840.02

S.pyogenes 3650 (emmo6)
OD,.,, = 1.5+0.04

S.pyogenes 5379 (emm)
ODygym = 0.26+0.03

S.pyogenes 5674 (emmb5)
OD¢0,m = 0.05+0.003

FIG. 1. Biofilms formed by S. epidermidis ATCC 35984 and three S. pyogenes strains with different biofilm-forming abilities. The ODs obtained
with the plate test are compared with the biofilm appearances by scanning electron microscopy. The biofilms formed by S. pyogenes (b and c) appear
to be less homogeneous than that of S. epidermidis (a), with large bacterial aggregates embedded in an amorphous extracellular matrix (arrows),
coating the plastic surface more as scattered microcolonies. Bar, 20 pwm.
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FIG. 2. (a) Numbers of S. pyogenes isolates forming biofilm at an
OD of <0.061 (dark-gray bars), 0.061 < OD < 0.240 (gray bars), and
an OD of >0.240 (light-gray bars) under the different atmosphere
conditions. NM, unmodified atmosphere; ANA, anaerobiosis. (b) In-
dex of biofilm produced in unmodified atmosphere (dotted bars), 5%
CO, (striped bars), or anaerobiosis (open bars) by isolates from inva-
sive infection or throat swabs. Bars indicate the mean ODs * SD.

HSCS, we did not observe any difference (not shown). We thus
decided to focus our attention more on conditions that S.
pyogenes would encounter during infections, i.e., 37°C or
higher temperatures, and different atmosphere compositions.
Also, we determined that growth in THB without any specific
supplement and incubation for 18 h appeared to be suitable
conditions for biofilm formation. As a positive control, we used
a known biofilm-forming microorganism, Staphylococcus epi-
dermidis ATCC 35984 (9). To verify how the OD evaluation
correlated with the biofilm architecture, three isolates with
different biofilm forming abilities were also examined by scan-
ning electron microscopy (Fig. 1).

Percentages of isolates that gave an OD reading above the
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established baseline (OD > 0.061) varied from 85% in unmod-
ified atmosphere to 88% in 5% CO, to 91.4% in anaerobiosis.
As shown in Fig. 2a, the numbers of isolates with 0.061 <
OD < 0.24 were comparable in the three atmosphere compo-
sitions, while those with an OD of >0.240 were slightly more
common when strains were grown in anaerobiosis. Single iso-
lates did not appear to be considerably affected by atmosphere
conditions, with the vast majority of strains forming compara-
ble amounts of biofilm under the tested conditions. Only in a
few cases were strains producing significantly more biofilm
under one condition than under the others observed. However,
when considered as a whole, ODs differed significantly when
growth in CO, and growth in anaerobiosis were compared,
with anaerobiosis significantly enhancing biofilm formation
(Bonferroni-Dunn P = 0.0143). Differences between ODs af-
ter growth in unmodified atmosphere and growth in anaerobi-
osis bordered on statistical significance (Bonferroni-Dunn P =
0.169). Parallel measurements of biofilm formation were per-
formed both as described in Materials and Methods and by
applying the modification suggested by O’Toole and Kolter
(33) to the original protocol described by Christensen et al. (9),
i.e., solubilization of crystal violet by ethanol before reading.
We could not see any difference between the two protocols
(not shown).

Biofilm formation appeared to be related to the source of
isolation when growth in anaerobiosis was considered (Fig.
2b); in this case, a significant increase in biofilm OD was
observed for strains from throat swabs and noninvasive infec-
tions compared to isolates from invasive infections (Bonfer-
roni-Dunn P = 0.0152). In this view, all of the data reported
below refer to biofilm formation in anaerobiosis, unless statis-
tically different results were obtained from the various atmo-
sphere conditions.

As shown in Fig. 3, certain emm types were more likely to
produce biofilm. Very strong biofilm producers (the majority
showing ODs of >1.00) could be found exclusively among
emm6 isolates; also, 3 emm?77 strains out of 18 tested gave very
high OD readings.

Macrolide resistance and biofilm formation. PCR analysis
investigating macrolide resistance genes revealed 122 strains
possessing erm(B) (50 strains), mef(A) (36 strains), erm(A)
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FIG. 3. Biofilm formation by S. pyogenes in relation to emm type. Symbols represent the means of at least three different determinations carried
out in triplicate. Numbers along the x axis represent emm types (e.g., 1, emm1).
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FIG. 4. Biofilm formation by antibiotic-susceptible and antibiotic-
resistant S. pyogenes isolates. (a) Antibiotic-susceptible strains pro-
duced significantly more biofilm than resistant strains (P < 0.05). (b)
Moreover, macrolide-resistant strains carrying erm genes produced a
less thick biofilm than strains resistant to macrolides by the efflux pump
mef(A). Values reported here are those obtained after incubation in
anaerobiosis. Symbols represent the mean ODs of three different de-
terminations carried out in triplicate for each strain.

subclass erm(TR) (10 strains), or a combination of these (Ta-
ble 1). Tetracycline resistance genes are specified in Table 1.

Macrolide-susceptible strains produced significantly more
biofilm than resistant strains (mean and median ODs, 0.235
and 0.231 versus 0.141 and 0.133, respectively) (Fig. 4a). In
particular, the presence of genes coding macrolide resistance
mediated by methylation of 23S rRNA appeared to negatively
affect the ability of strains to produce biofilm [mean and me-
dian ODs, 0.114 and 0.108 and 0.103 and 0.109 for erm(B)- and
erm(A) subclass erm(TR)-positive strains, respectively] com-
pared to results for susceptible strains and mef(A)-positive
isolates (mean and median ODs, 0.202 and 0.185) (Fig. 4b).
Tetracycline resistance did not appear to affect biofilm forma-
tion (not shown). Notably, the strongest biofilm producers,
emm6 isolates, were susceptible to macrolides, as were the
three strong biofilm-forming emm77 isolates, while all but one
of the other emm77 isolates tested were erm(A) subclass
erm(TR) or erm(B) positive.

Presence of prtF1 gene and biofilm. As it was reported pre-
viously that erythromycin resistance was strongly related to the
presence of the prtF1 gene (18), we also examined this char-
acteristic in a selection of our strains. Thirty-six strains had
been characterized previously for the presence of the prtFi1
gene and for RD2 profile (35); the same characteristics were
examined for 40 additional, randomly chosen, isolates. Overall,
76 strains were considered: 57 were positive for prtF1, and 19
did not give any PCR product with the primers used. As shown
in Fig. 5a, a statistically significant increase in biofilm forma-
tion was observed between prtF1-negative and prtFI-positive
isolates. When the number of RD2 repeats was investigated,
we found 22 isolates with four repeats, 15 isolates with three
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FIG. 5. Biofilm formation by S. pyogenes in relation to the presence
or absence of the prtF1 gene. (a) prtFl-negative strains formed a
significantly thicker biofilm than prtF1-carrying strains (P < 0.01). (b)
Biofilm formation in susceptible isolates or macrolide-resistant isolates
containing either erm or mef and prtF1 genes is shown. Bars are the
median ODs of all isolates tested in triplicate at least three times. NS,
not significant.

repeats, only 3 isolates with two repeats, and 17 isolates with
one repeat (not shown). The number of RD2 repeats inside the
gene did not affect biofilm formation. The negative association
between prtFl and macrolide resistance mediated by 23S
rRNA methylation was also confirmed by grouping the isolates
on the basis of antibiotic susceptibility, erm resistance, mef
resistance, and presence/absence of prtF1 (Fig. 5b).

Cell invasion efficiency versus biofilm formation. To verify a
possible interference of biofilm with the ability of S. pyogenes
to enter epithelial cells, seven biofilm-forming and seven bio-
film-negative isolates were tested in an antibiotic protection
assay with Hep-2 cells. Isolates that were able to invade cells
with high efficiency were those producing the lowest amount of
biofilm; the strong biofilm formers entered cells only with low
efficiency (Fig. 6). Biofilm ODs of S. pyogenes isolates with high
or low cell invasion efficiency differed significantly (P < 0.01).

-
-

—_
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Biofilm formation (OD 570nm)
o o
=

[=]

High Low
Cell invasion efficiency

FIG. 6. Biofilm formation abilities of a selection of 14 S. pyogenes
isolates in relation to efficiency in invading Hep-2 cells. Bars represent
the mean ODs (+SD) of three different determinations carried out in
triplicate for each strain. The difference in OD between the two groups
was significant (P < 0.01).
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DISCUSSION

Biofilm is known to provide microorganisms with greater
resistance to antibiotic treatment and to host immunity (15). In
this view, the ability to grow in protective mode would allow
antibiotic-susceptible organisms a longer persistence in the
host despite antimicrobial therapy.

In this first systematic analysis of a large collection of clinical
isolates from different sources, we have shown that almost all
S. pyogenes isolates are able to form biofilm, although to dif-
ferent extents, which may provide an additional possible ex-
planation of treatment failures, recurrences, and/or persistence
of streptococcal colonization. Anaerobiosis appeared to stim-
ulate biofilm formation, particularly compared with growth in
the presence of CO,. Under the condition of anaerobiosis,
biofilm formation appeared to be more common among throat
and pharyngitis isolates than among strains from invasive in-
fections. Different behaviors of pharyngitis isolates and isolates
from other infection types with regard to the ability to enter
epithelial cells have already been shown (28). It is reasonable
that persistence of S. pyogenes on surfaces exposed to mechan-
ical stress may be facilitated by biofilm formation. One possible
explanation of the stimulating action of lower oxygen tensions
on biofilm formation may reside in differential control by reg-
ulators at the transcriptional level, as already shown for other
virulence traits of S. pyogenes (7, 20). Moreover, S. pyogenes
may start to form biofilm during the early colonization stages
even under nonoptimal conditions; as biofilm forms, the oxy-
gen tension in the lower layers decreases, which may further
stimulate biofilm growth.

The ability to form biofilm appeared to be related to the
emm type, possibly due to the known linkage existing between
emm types and other factors, such as phage-associated super-
antigen pattern or antibiotic resistance pattern (13, 16). This
would be in accordance with the results reported by Cho and
Caparon (8), who found M protein mutants to be unable to
form biofilm, and further supported by the fact that expression
of M protein, as with that of biofilm, has been shown to be
stimulated in an O,-poor environment (21). However, varia-
tions within strains belonging to the same emm type were also
observed, suggesting biofilm formation to be a trait of individ-
ual strains rather than a general attribute of a serotype. A
recent publication by Lembke et al. (27) also indicates a link-
age between biofilm formation and emm type.

The most noteworthy information obtained from this study
was the negative association of the ability to form biofilm with
the genetic determinants of macrolide resistance. Of the S.
pyogenes strains tested, those carrying the macrolide resistance
erm(A) subclass erm(TR) and erm(B) methylase genes formed
less-thick biofilm than susceptible isolates. On the other hand,
neither the mef(A)-encoded macrolide efflux pump nor tetra-
cycline resistance appeared to affect biofilm formation. The
meaning of these findings may be that, in order to escape
antibiotic treatment and support their survival, erythromycin-
susceptible bacteria need alternative strategies which are of no
use to resistant bacteria. Considering the biological cost, a
hypothesis might be that the erm-mediated macrolide resis-
tance is more expensive in terms of energy requirement than
the mef(A)-mediated efflux resistance, although numerous
other factors should be examined to confirm such speculation.

J. CLIN. MICROBIOL.

It is worth noting that all biofilm data reported in this study
were corrected to include possible differences in growth rates,
thus excluding any effect due to less or slowed growth of re-
sistant versus susceptible bacteria.

As previously suggested (18), S. pyogenes strains combining
erythromycin resistance and the ability to enter human respi-
ratory cells may be able to escape B-lactams by virtue of intra-
cellular location and macrolides by virtue of resistance, result-
ing in difficulty of eradication and easier clonal spread. Along
the same lines, biofilm may function as a barrier against anti-
microbials, facilitating persistence of susceptible organisms
and possibly supporting horizontal gene transfer and creation
of virulent clones.

The same authors (18) have also shown that the proportion
of S. pyogenes carrying prtFl, the internalization-associated
gene, is significantly higher among erythromycin-resistant
strains than among erythromycin-susceptible strains. Notably,
the erythromycin-resistant strains showing a less consistent
association with the prtF1 gene and cellular invasion were
those carrying the mef(A) gene, i.e., those forming more bio-
film than erm-carrying isolates. These data indicate that mac-
rolide-resistant, prtF1-carrying, cell-invading S. pyogenes iso-
lates may not need biofilm to survive within the host. We have
shown here results from a small subset of isolates where bio-
film-producing strains invaded epithelial cells with lower effi-
ciency than non-biofilm-forming strains. In support of both
findings is the reported negative association of the prtF1 gene
with biofilm formation, where the gene-carrying strains formed
less-thick biofilm.

It can thus reasonably be hypothesized that macrolide-sus-
ceptible S. pyogenes strains may use biofilm to escape antimi-
crobial treatments and survive within the host. As well, mef(A)-
carrying strains, less able or poorly equipped to enter cells,
might use biofilm to survive B-lactam treatment. Overall, these
findings strongly support the role of biofilm in successful S.
pyogenes colonization and in difficulty of eradication. Testing
for biofilm formation by the plate test, affordable even to
routine laboratories, might be paired with the antibiogram to
predict possible cases of noneradication of the pathogen
and/or to apply synergic treatments facilitating antibiotic pas-
sage through the biofilm layer. Further investigations to un-
derstand the role of biofilm in the survival strategy of S. pyo-
genes and the complex relationships between biofilm formation
and prtF1 or other genes encoding adhesion-supporting extra-
cellular proteins are warranted.
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