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Introduction: Adenoids are composed of nasopharyngeal lymphoid tissue with a relevant role in host defence against infec-
tions of the upper respiratory tract. Nevertheless, adenoids are also a reservoir of microorganisms that can cause infections of

Objective: To evaluate and compare the association between biofilm assembly on adenoids and the incidence of recurrent
infections in a paediatric population submitted to adenoidectomy for either infectious or non-infectious indications.

Methods: Scanning electron microscopy was used to assess biofilms on adenoid surface; biofilm assembly in vitro was moni-
tored by crystal violet assay; antibiotic susceptibility was assessed following EUCAST guidelines; H. influenzae capsular typing

Results: Biofilms were present in 27.4% of adenoid samples and no statistical difference was found between infectious
and non-infectious groups. In vitro, the most clinically relevant bacteria, H.influenzae, S.aureus, S.pyogenes, S.pneumoniae and
M.catarrhalis, were mostly moderate biofilm assemblers (71.7%). As much as 55.3% of these bacteria were intermediate/resis-
tant to at least one of the tested antibiotics. No association was found between the ability to assemble biofilms in vitro and

Conclusion: The presence of biofilms on adenoid surface was independent from clinical sample background. Bacterial ability
to assemble biofilms in vitro cannot be used to predict biofilm assembly in vivo. The lack of correlation between biofilm forma-

ABSTRACT:
the upper respiratory tract and otitis, particularly in children.
was performed by PCR.
the presence of biofilms on adenoids or antibiotic resistance. All H.influenzae were characterized as non-typeable.
tion and antibiotic resistance questions the effects of biofilms on the pathogenesis of infectious diseases.
KEYWORDS: Adenoids, biofilms, scanning electron microscopy, Haemophilus, child
INTRODUCTION

Acute and chronic infections of the upper respiratory tract are
very common, and constitute one of the most frequent causes of
antibiotic prescription in children and adults [1]. Sometimes sur-
gery is necessary, and in children, adenoidectomy is often used
to aid in the control of recurrent or chronic infections [2,3]. Re-
moval is effective irrespective of adenoid volume [4]. It is thus re-
cognized that adenoids harbour pathogenic bacteria [5-7], from
which the colonization of adjacent organs emerges. The benefit of
this surgery derives from removing a natural pathogen reservoir
from the upper respiratory tract. Bacterial colonization is an in-
creasing concern, due to the emergence of infections by antibio-
tic-resistant microorganisms [8]. However, this colonization has
claimed growing interest among ecological studies that seek to as-
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sess its universal presence and even its benefits [9]. We understand
better and better the relations between colonizing microbiome,
and our own organism. By forming biofilms, the bacteria reduce
their metabolism and increase the interactions between individu-
als [10]. In nature, this form of existence protects the individual,
and thus we observe biofilms in virtually all media. Likewise, we
understand that under the right conditions, virtually all bacteria
form biofilms, and in those formations, bacteria of the same spe-
cies share defence mechanisms, and this sharing may even cross
species barriers [10]. That is how in our adenoid mucosa it exists
a vast microbiota, with which we live in symbiosis, and which, in
certain circumstances, gets organized in biofilms. This coloniza-
tion in biofilms is very resistant to our natural defences (specific
and non-specific), and to conventional treatments, namely anti-
biotics [10]. They are made of a matrix of glycoproteins, which
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houses the bacteria out of reach for these defences. At the same
time, its porosity allows to maintain the distribution of nutrients
to the bacterial population, and the proximity of the bacteria and
the matrix itself allows for interaction with quorum sensing and
even sharing of genetic heritage, which favours the emergence of
resistances, one of the major concerns of the global medical and
scientific (and even political) community [10]. Finally, as indivi-
duals in biofilms present reduced metabolism, their sensitivity to
many conventional treatments also decreases [10].

The surface of adenoids is a site where biofilm formation is favo-
ured, as it is irregular, well ventilated, covered with mucus, and out
of reach of mechanical cleaning mechanisms that could remove
the biofilm [11]. Thus, adenoidectomy provides physical removal
of the surface that houses the biofilm, and the scaring that then
occurs leaves a smooth surface.

Possibly, these mechanisms explain the surgery’s success, even if
partial, in the control of infectious pathology of the airways. With
the present study, we want to document the status of our popula-
tion regarding the presence of biofilms in the nasopharynx, and
to evaluate if this presence correlates with the diagnosis of chro-
nic or recurrent inflammatory or infectious conditions of the up-
per airways.

MATERIALS AND METHODS

Study design and Ethics: A cross-sectional study was designed to
evaluate the influence of adenoid colonization on ear and upper
respiratory chronic infections in a paediatric population, treated
at a tertiary hospital in Lisbon. The study (reference: 0089/2014:_
RMRV) was approved by the hospital Medical Ethics Board in
accordance with the World Medical Association Declaration of
Helsinki. Sixty-two participants were consecutively enrolled, and
the inclusion criteria were adenoidectomy (done by curettage
under direct visual control), age between 2 and 10 years, no anti-
biotics during the last month preceiding surgery and absence of
immunodeficiency history or craniofacial malformation. All the
children were immunized in accordance with the National Vacci-
nation Program (including Haemophilus Influenza B and 13 sero-
types of Pneumococcus). An informed consent was obtained from
the children’s’ tutors to allow the collection of 3 different samples
(nasal swab, superficial adenoid swab and adenoid core biopsy)
for cultivable microbiotal2 and biofilm study on adenoid surfa-
ce. The samples were divided in two groups: infectious diagnosis
group (recurrent acute otitis media, sinusitis or adenoiditis) and
non-infectious group (obstructive sleep apnoea or otitis media
with effusion — OME, without any relevant upper respiratory tract
infection history). This allowed a comparison between the group
where biofilms would be causing relevant respiratory infections,
and another group where, if present, they were not causing rele-
vant respiratory infections.

Tissue collection and scanning electron microscopy (SEM): In each
of the 62 children enrolled, one adenoid sample was processed for
cultivable microbiota analysis and the other for scanning electron
microscopy (SEM) analysis.
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Bacteria: Bacteria were isolated and identified, being stored at
-80°C in 20% glycerol TSB until needed. Fresh overnight cultures
were prepared on Chocolate Polyvitex agar (PVX) for H. influen-
zae or blood-agar (BioMerieux, Marcy I'Etoile, France) for all the
other bacteria, for the biofilm assembly assay and DNA extraction.

Biofilm assembly: Three independent assays were conducted, per-
formed in triplicate, using 96-well flat-bottomed plates (Nunc, New
York, NY, USA) as described previously, with small modifications
[13]. Bacteria were ranked as weak, moderate or strong biofilm
assemblers according to Stepanovic and colleagues’ criteria [14].

Antimicrobial susceptibility test: The antimicrobial activity for S.
aureus, S. pyogenes, M. catarrhalis and S. pneumoniae was tested
using either the disk diffusion method or microdilution broth
method (Vitek 2 system) as recommended by EUCAST [15]. At
least one antibiotic was used from each of the following groups
of penicillin (benzylpenicillin, ampicillin, amoxicillin), penicillin
combined with a beta-lactamase inhibitor (amoxicillin/clavulanic
acid), cephalosporin (2nd generation: cefuroxime, cefoxitin; 3rd
generation: ceftriaxone, cefotaxime, ceftazidime) and clindamycin.
Results were interpreted according to EUCAST guidelines [15].

H. influenzae capsular typing: The capsular status was determi-
ned by PCR amplification of bexA gene (responsible for capsule
transport) and capsular type was characterized by amplification of
capsule-specific genes (for serotypes a-f) using primers and con-
ditions described previously [16].

Statistical analysis: Unadjusted association between surgery in-
dication (infectious/non-infections) and presence of biofilms on
adenoid surface was evaluated by Chi-square test. A P value of
<0.05 was considered statistically significant. For biofilm assem-
bly in vitro, the results of at least three independent experiments
were expressed as the means + standard deviation (SD) and stati-
stical significance assessed by the Student’s t-test (two-tailed). A
P value of <0.05 was considered statistically significant.

RESULTS

Sixty-two adenoid samples from a paediatric population, after
adenoidectomy, indicated by infectious (n=19) or non-infectio-
us (n=43) pathology, were collected and then analysed by SEM
for the presence of biofilms. Representative images of adenoid
surfaces negative (Fig. 1A) and positive (Fig. 1B) for biofilms are
shown in Figure 1.

The percentage of adenoids positive for biofilms ex vivo (on adenoid
surface) was similar in both groups: 26.3% (5/19) in the infectious
and 27.9% (12/43) in the non-infectious group. No statistical dif-
ference was found for biofilm presence ex vivo between infectious
and non-infectious samples as assessed by Chi2 test (P=0.63). For
this reason, we decided to analyse the sample as a whole, instead
of distinguishing between infectious and non-infectious, allowing
for a more robust statistical analysis.

To evaluate if bacterial ability to assemble biofilms in vitro could
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Fig.1. Biofilms on adenoid surface. Sample without (A) and with biofilm (B) highlighted by red arrows on the adenoid surface. Scale bar1o pm.

DISCUSSION

be used as a surrogate for biofilm presence on the adenoid surface,
and adenoid core colonization, a group of isolates were further eva-
luated. Forty-six isolates simultaneously identified on the adenoid
surface and core, namely S. pneumoniae (n=2), S. aureus (n=12),
S. pyogenes (n=8), H. influenzae (n=22) and M. catarrhalis (n=2)
were tested for biofilm assembly in vitro. All these isolates were
able to form biofilms in vitro as observed in Figure 2.

Thirty-three isolates were moderate biofilm assemblers (71.7%),
including all isolates of S. aureus, S. pyogenes and S. pneumoniae,
one isolate of M. catarrhalis and 10 of H. influenzae. Only H. in-
fluenzae (11/22) isolates were classified as weak biofilm assem-
blers. One isolate of H. influenzae and another of M. catarrhalis
were classified as strong biofilm assemblers. We were unable to
identify a link between biofilm assembling ability i vitro and the
presence of biofilms ex vivo (adenoid biopsies analysed by SEM).
The two isolates classified as strong biofilm producers were iso-
lated from the adenoid surface of samples without biofilms. On
the other hand, weak biofilm producers were isolated both from
adenoid surfaces with and without biofilms. Bacteria recovered
from the adenoid surface showed an ability to assemble biofilms
in vitro equal or higher than the respective counterpart isolated
from the adenoid core.

Antibiotic susceptibility analysis showed that 44.7% (21/47) of the
isolates are pan-susceptible and 55.3% (26/47) are intermediate/
resistant to at least one of the tested antibiotics (Tab. II.). Antibio-
tic-resistant strains were found in H. influenzae (6 isolates from
biofilm negative samples), S. aureus (1 isolate from the negative
biofilm sample) and M. catarrhalis (2 isolates from the biofilm
positive sample) (resistance by antibiotic presented in Tab. L.).
The two S. pneumoniae isolates recovered from a biofilm positive
sample were susceptible to benzylpenicillin, cefoxitin, ceftriaxo-
ne, ceftazidime and clindamycin. A similar result was obtained for
S. pyogenes, where four isolates recovered from biofilm-positive
and another four from biofilm-negative samples were susceptible
to benzylpenicillin, cefoxitin, cefotaxime, ceftriaxone and clinda-
mycin. Most of the isolates were susceptible to the tested antibio-
tics, and the presence of biofilms ex vivo apparently did not affect
antibiotic susceptibility. Finally, H. influenzae capsular typing re-
vealed that all isolates were non-typeable (NTHi).

24

Recently, biofilms gained relevance in the pathogenesis of chroni
infectious diseases, namely in otorhinolaryngology-related infec-
tions. The use of different experimental designs made an inter-
-study comparison difficult [11, 17-19]. In the present study, no
statistically significant difference was observed for the presence
of biofilms on adenoid surface in the two groups (infectious and
non-infectious indications for adenoidectomy). The relative small
number of individuals included in the study might explain this re-
sult. On the other hand, this agrees with the fact that biofilms are
ubiquitous in nature [10], and so finding biofilms in both groups
is no surprise. However, we were surprised to find biofilms only
in 27.4% of the samples, when comparing to previous studies that
found biofilms in up to 100% of the samples [17,18]. The compara-
tive low percentage of positive biofilm samples might derive from
the use of different techniques to detect biofilms and even from
different interpretations of SEM micrographs. Sample dimension
and study design might also contribute to the result.

In previous biofilm studies, OME has been considered an infec-
tious disease, and even a biofilm-associated infection. This is con-
trary to what has been established, for it has been shown that only
approximately one in three children with OME has a bacterial pa-
thogen identified in the middle ear fluid [20], and finding a patho-
gen does not necessarily mean that it is causing the effusion. The-
refore, in our opinion, it is more correct to include this diagnosis
as non-infectious, as we did.

The percentage of antibiotic-intermediate/resistant bacteria (45.3%)
is higher than expected for community isolates of well-known com-
mensals of the upper respiratory tract of children. In our opinion,
the recent modification of the EUCAST cut-offs for H. influenzae/
cefuroxime contributes to this unexpected result since all the iso-
lates were either intermediate or resistant to this antibiotic [15].
The values decrease substantially when the percentage of resi-
stant isolates is calculated except for the two M. catarrhalis isola-
tes resistant to cefuroxime (Tab. I.). Since only two isolates of M.
catarrhalis, were studied, it is difficult to interpret the relevance
of cefuroxime resistance. Nevertheless, this bacterium is known
to be the cause of treatment failure due to high resistance levels
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Fig. 2. Biofilm assembly in vitro. Ability of H. influenzae, S. pneumoniae, M. catharralis, S.pyogenes and S.aureus to assemble biofilms were evaluated using the crystal violet assay.

Tab. . Antibiotic resistance. Benzylpenicillin (BP), ampicillin (AMP), amoxicillin (AMX), Amoxycillin: clavulanate 2:1 (AMC), cefuroxime (CXM), cefoxitine (FOX), cefotaxime

(CTX), ceftriaxone (CRO), ceftazidime (CAZ), clindamycin (CLI).

BACTERIA ANTIBIOTIC
SUSCEPTIBLE

H. influenzae AMP 19
72 AMC 2
CXM o]
CTX 23
S.aureus BP 12
(n=12) CXM 12
FOX 12
CRO 12

CLI 1

M. catarrhalis AMC 2
e CXM o
CTX 2

CRO 1

to f-lactamic antibiotics [27]. The fact that no S. pyogenes isolate
exhibited resistance to any of the tested antibiotics was expected
since this bacterium is known to remain susceptible to almost all
antibiotic classes [28]. H. influenzae isolates were susceptible to the
B-lactam antibiotics studied, with exception of cefuroxime, altho-
ugh one pair of strains was resistant to ampicillin by f-lactamase
production, and another pair was resistant to ampicillin without
producing p-lactamase (BLNAR) (Tab. I.). As in other studies, we
did not find any correlation between biofilm formation and suscep-
tibility or resistance to antibiotics [29, 30] and these findings appear
again to contradict any influence of biofilms on the pathogenesis
of infectious diseases. Polymicrobial infection has been pointed

OTOLARYNGOL POL 2019; 73 (1): 22-28

TOTAL PERCENTAGE OF
RESISTANCE (%)

NUMBER OF ISOLATES (N)

INTERMEDIATE RESISTANT

o 4 17.4
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19 4 17.4
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o] o o

o] o] o
(o] 1 8.3
o (o] (o]

o 2 100
o (o] (o]

1 o (o]

as common in biofilms. In this study, we found three samples with
two different bacterial species isolated simultaneously from the
adenoid core and surface (Tab. I.). Since biofilm formation is asso-
ciated with the persistence of bacteria in the host, this may there-
fore have an important role in the early phase of infection [21, 22].
Synergistic relations between M. catarrhalis and either S. pyoge-
nes or S. pneumoniae account for increased biofilm formation and
antibiotic resistance within medical biofilms was documented
[31, 32]. Finally, since H. influenzae was the most prevalent bac-
terium in our samples, and other researchers have reported that
this bacterium is one of the most commonly isolated in cases of
otitis media with effusion [11, 22, 29, 33, 34], we characterized it
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Tab. II. Antibiotic resistance of each sample, comparing the origin (adenoid core and surface) and its biofilm assembling ability. Benzylpenicillin (BP), ampicillin (AMP),
amoxicillin (AMX), Amoxycillin: clavulanate 2:1 (AMC), cefuroxime (CXM), cefoxitine (FOX), cefotaxime (CTX), ceftriaxone (CRO), ceftazidime (CAZ), clindamycin (CLI).

Susceptible (S), Intermediate (1), Resistant (R).
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S. pyogenes
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Tab. Il. cd. Antibiotic resistance of each sample, comparing the origin (adenoid core and surface) and its biofilm assembling ability. Benzylpenicillin (BP), ampicillin (AMP),
amoxicillin (AMX), Amoxycillin: clavulanate 2:1 (AMC), cefuroxime (CXM), cefoxitine (FOX), cefotaxime (CTX), ceftriaxone (CRO), ceftazidime (CAZ), clindamycin

(CLI). Susceptible (S), Intermediate (1), Resistant (R).
BACTERIA ANTIBIOTIC
BP AMP AMX AMC XM FOX

M. catarrhalis - S — S R .

in more detail. After the worldwide introduction of the H. influ-
enzae serotype b (Hib) conjugate vaccine, most infections are now
due to non-typeable strains (NTHi) [23, 35, 36]. Our results are in
accordance with these epidemiological changes, with all isolates
being characterized as NTHi. This was expected since this type of
H. influenzae is frequently associated with adenoid colonization
and infection. Nevertheless, what is relevant here is that no dif-
ference between infectious and non-infectious groups was found
considering that apparently biofilms per se would play at most a
minor role in infectious diseases of upper airways.
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