24

DERMATOLOGY

VP FEBRUARY 2017

THE ROLE OF BIOFILMS IN OTITIS

OUR UNDERSTANDING OF
It was not though until 1978 that the
THE MICROBIOLOGY of acute
ﬁrst theory of bioﬁlm formation was
and chronic infections and the ways
postulated.2 This early theory, which
in which they should be managed has
was derived mostly from observations
changed dramatically over the last 40
of aquatic ecosystems, stated that the
years.
majority of bacteria grew in matrixIn general it is now accepted that
enclosed bioﬁlms adherent to surfaces.
bacteria exist in
It goes on to
two different
say that these
SUE PATERSON
forms during
sessile bacterial
describes the role
growth and
cells differ
bioﬁlms play in the
proliferation.
profoundly from
condition in humans
In one form,
their planktonic
and animals and
which accounts
(ﬂoating)
lists the various
for most of the
counterparts.
treatment options for veterinary
acute infective
Since this
surgeons to consider
processes, the
time our
bacteria exist
understanding of
as single, independent cells and are
bioﬁlms has evolved considerably and
referred to as planktonic. In chronic
a more modern deﬁnition of a bioﬁlm
infections the bacteria are organised
now takes into consideration new data.
into sessile aggregates referred to as
A bioﬁlm may now be described
bioﬁlms.
as a microbially derived sessile
In acute disease, providing an
community characterised by cells that
accurate and speedy diagnosis is made,
are irreversibly attached to a surface
infections respond well to appropriate
or interface or to each other; are
antibiotic therapy. Where a bioﬁlm
embedded in a matrix of extracellular
forms in chronic disease, the infection
polymeric substances that they have
is far more difﬁcult to treat.
produced, and exhibit an altered
phenotype with respect to growth rate
The hallmarks of bioﬁlm
and gene transcription.1 Planktonic
formation include extreme resistance
to antibiotics and many other
organisms do not have the ability to
conventional anti-microbial agents and transcribe genes in this way.
an extreme ability to evade the host’s
immune system.1
Where do we ﬁnd bioﬁlms?
Bioﬁlms are ubiquitous and seem to
What is a bioﬁlm?
be able to form on virtually any nonAlthough he was unaware of the
shedding surface. They are found on
importance of his ﬁndings, bioﬁlms
rocks and pebbles at the bottom of
were ﬁrst discovered by Antonie
most streams and they are also found
van Leewenhoek in 1684, when he
on the surface of and inside plants.
described the vast accumulations
In the home they are found in the
of bacteria found in dental plaque
shower, around the taps (Figure 1)
by saying: “The number of these
or plug hole. They are present on the
animalcules in the scurf of a man’s
teeth of most animals as dental plaque
teeth are so many that I believe they
(Figure 2), where they can go on to
exceed the number of men in the
cause tooth decay and gum disease.
kingdom”.1
Bioﬁlms have been found to
be involved in a wide variety of
microbial infections in humans. This
includes urinary tract infections,
endocarditis, periodontitis, pneumonia
in cystic ﬁbrosis and chronic bacterial
prostatitis.1,3,4
The ﬁrst paper to demonstrate the
presence of polymicrobial bioﬁlms
in the middle ear of children with
Figure 1. Bioﬁlm formation around
otitis media was published in 2006 by
a hot tap.
Hall-Stoodley et al.5 Further papers
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have reinforced their importance in
chronic otitis media in humans6,7 and
more recent work has suggested they
may play a role in otitis media with
effusion.8
Bioﬁlms are recognised as being
clinically important in veterinary
medicine. They have been identiﬁed as
causing many of the same problems
they have been implicated with in
human medicine. Notably urinary tract
disease, gingivitis, wound infections,
catheter and implant infections and
otitis media.9
There is no doubt that bioﬁlms
in otitis are common and
underdiagnosed.10 All of the common
bacterial and yeast pathogens found
in otitis in the dog are capable of
forming bioﬁlms. Work by Han
(2015) has shown that more than
90% of the isolates of both meticillin
sensitive and resistant staphylococcus
pseudintermedius from healthy dogs
are capable of producing bioﬁlms.11
Malassezia pachydermatis has also been
shown to form bioﬁlms.12
Pathogenic isolates of
Staphylococci13 and Pseudomonas
aeruginosa14 from clinical cases of canine
otitis (Figure 3) have also been shown
to be capable of producing bioﬁlms.

How do we diagnose the
presence of a bioﬁlm in
otitis?

Bioﬁlms have been implicated as a
cause of chronic otitis in man.15 Where
infections have failed to respond
to what appears to be completely
appropriate antibiotic therapy, bioﬁlms
may be present.
Bioﬁlms can be diagnosed on
otoscopy and cytology.10 Clinically they
form an adherent, thick slimy discharge
that is often dark brown or black. On
cytology they appear as variably thick
veil-like material that may obscure
bacteria and cellular detail (Figure 4).

Why are bioﬁlms resistant to
antimicrobial agents?

Bioﬁlms have an inherent resistance
to antimicrobial agents whether they
are antibiotics or disinfectants. It is
because bioﬁlm-associated cells grow
more slowly than planktonic bacteria
that they are less susceptible to
antimicrobial agents.
Their secretion of an extracellular
polymeric matrix produces a
diffusional barrier to reduce
antimicrobial penetration into the
bioﬁlm. This barrier leads to a range of
different effects.
Where the signiﬁcant level of
antimicrobial agent penetrates the
bioﬁlm, bacteria will be exposed to
a high dose of drug leading to their
elimination, but where only low
concentrations of the drug penetrate

Figure 2. Dental plaque on a dog’s
teeth.

the bioﬁlm they remain unaffected.
Problems occur where bacteria
are exposed to an intermediate
concentration of drug which may
provide a mutant selection window, in
which the more susceptible bacteria
are eliminated but resistant mutants
survive, leading to treatment failure
and a recrudescence of a more
resistant population of isolates.10

How do we treat bioﬁlms?

Topical therapy is preferable in all cases
of otitis because the levels of drug
obtained in the ear are much higher
than those achieved using systemic
therapy.
Studies in both man16 and dogs17
have shown good levels of systemic
drugs can be achieved in the middle
ear16 and external ear canal17 after drugs
are administered systemically. However,
Cole’s study (2009) suggested treatment
with enroﬂoxacin could not be
recommended for a bacterial organism
with an intermediate susceptibility or
resistance to enroﬂoxacin, since high
enough levels of enroﬂoxacin would
not be attained in the ear tissue to
produce any antibacterial effects.17
By extrapolation it is safe to assume
systemic levels of this drug would
similarly not be high enough to treat
bioﬁlms. In order to assist penetration
of topical drugs, a better strategy is to
physically break the bioﬁlms down and
then remove them by ﬂushing.
Several products have been shown
to be useful in the management of
bioﬁlms, including topical formulations
of tris EDTA18, silver19-22, lactoferrin23,
povidone iodine24,25, honey26 and
topical and systemic N-acetyl
cysteine.27-31

Tris EDTA

Tris EDTA damages bacterial cell walls
to increase microbial penetration. It
is well-tolerated and non-ototoxic.32
It has been shown to have additive
effects with a whole range of
antibiotics including gentamicin33,
ﬂuoroquinolones33,34 as well as silver
sulphadiazine35 and chlorhexidine.36
More recently in vitro work by Pye
(2014) has shown that tris EDTA
may be a useful adjunctive treatment
for chronic cases of Pseudomonas otitis
where bioﬁlms may have developed, if

VP FEBRUARY 2017

DERMATOLOGY

gentamicin or neomycin
is to be used as a
topical treatment.18

preparations and as
injectable solutions
that can be used
topically in the ear. The
author normally uses it
systemically at a dose
of 600mg per dog.

N-acetyl cysteine

N-acetyl cysteine
(NAC) is used in
medical treatment
of patients with
Conclusion
chronic bronchitis.
Bioﬁlm formation
The positive effects
appears to be common
of NAC treatment
in all long-standing
have primarily been
cases of otitis. The
attributed to the mucusconcurrent use of
dissolving properties
agents to help break
Figure 3. Mucoid discharge
of NAC, as well as
down bioﬁlms is useful
in severe chronic otitis
its ability to decrease
where their presence is
externa.
bioﬁlm formation,
suspected.
which reduces bacterial infections.
NAC is a systemic drug that may be
A recent systematic literature review
useful to help break down formation
of eight clinical trials involving NAC as of the extracellular polymeric matrix
an adjuvant treatment to eradicate pre- that limits diffusion of antimicrobial
formed mature bioﬁlms and to inhibit
agents into the area of infection.
new bioﬁlm production suggested a
Topical drugs that may be useful
potential role for NAC as an adjuvant
include NAC, tris EDTA, honey,
molecule in the treatment of bacterial
colloidal silver and povidone iodine.
bioﬁlms, with an excellent safety and
efﬁcacy proﬁle.
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Figure 4. Cytology of a smear from
a dog’s ear with bacterial infection
and probable bioﬁlm formation.
Note the lace-like ﬁlamentous
pattern surrounding the bacterial
organisms.
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