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The microbiology of normal non-inflamed sinuses
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Abstract. The microbiology of normal non-inflamed sinuses. Objectives: The presence of organisms in the healthy sinus
was uncertain for many decades. This review summarizes the studies that have explored the microbiology of normal
non-inflamed sinuses using conventional microbiological culture methods and non-culture molecular techniques, and
discusses the potential implications of these for the treatment and prevention of sinus inflammation.

Methodology: A literature search of the Cochrane Library, EMBASE, TRIP, and MEDLINE databases was conducted
from their inception (1993 for the Cochrane Library, 1980 for EMBASE, 1997 for TRIP, and 1966 for MEDLINE) to
25" June 2016.

Results: Studies that used adequate microbiological methods demonstrated the presence of aerobic and anaerobic bacte-
rial flora in healthy non-inflamed sinuses. These organisms may participate in sinus inflammation if the right circum-
stances arise. Recent data suggest that the host response or lack of response to normal sinus flora may be central to the
development of sinus inflammation.

Conclusions: Healthy non-inflamed sinuses are colonized by rich and diverse populations of aerobic and anaerobic bac-
terial flora. These organisms may participate in sinus inflammation if the right circumstances arise. The host response or
lack of response to the normal sinus flora may be central to the development of sinus inflammation. Corynebacterium
tuberculostearicum seems to have a potential pathogenic role, while certain probiotics may have a protective effect.
Modulation of the sinus flora by topical antimicrobial and/or probiotic organisms which may interfere with the growth
of potential bacterial and fungal pathogens may be used to prevent and treat sinus inflammation.

Introduction

The wupper respiratory tract, including the
nasopharynx, serves as a reservoir for pathogenic
bacteria that can cause respiratory infections
including sinusitis.' Potential pathogens can
relocate during a viral respiratory infection from
the nasopharynx into the sinus cavity, causing
sinusitis.?

Anaerobic bacteria are present in large numbers
in the oropharynx, particularly in patients with
poor dental hygiene, caries, or periodontal disease.
Anaerobic bacteria outnumber their aerobic
counterpart in a ratio of between 10:1 and 100:1.!
Although colonization of the sinuses by oral flora
organisms was demonstrated three decades ago,
the significance of these findings was controversial,
and data have only recently confirmed their
presence using molecular methodology.*

This review summarizes the studies that have
explored the microbiology of normal non-inflamed
sinuses and their potential implications for the
treatment and prevention of sinus inflammation.
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Materials and methods

A literature search was conducted of the Cochrane
Library, EMBASE, TRIP,and MEDLINE databases
from their inception (1993 for the Cochrane Library,
1980 for EMBASE, 1997 for TRIP, and 1966
for MEDLINE) to 25" June 2016. The following
search terms were used: sinusitis, bacteria, flora,
anaerobic bacteria and microbiome, Searches
were not limited to a particular type of article or
document, and contained no language restrictions
or language limits.

The results of these searches were closely
evaluated, and articles and documents that were
redundant or not pertinent were excluded. This
review focused on the microbiology of normal non-
inflamed sinuses.

Studies exploring the microbiology of non-
inflamed sinuses

Attempts to recover organisms from non-inflamed
sinuses have been carried out for over seven
decades.” The methodologies employed in
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these studies were not uniform and many did not
utilize adequate techniques for the recovery and
identification of anaerobic bacteria. It is not always
clear why some studies failed to recover organisms
or were only able to find them in small numbers and/
or in a certain proportion of the patients; this may
be due to inappropriate collection or transportation
of the samples, a delay in platting the specimens or
the utilization of inappropriate culture media.

Three essential elements are required for the
appropriate documentation of aerobic and anaerobic
bacteria using conventional microbiological culture
methods: the collection of appropriate specimens,
their timely transportation and careful laboratory
processing.” Specimens must be obtained free of
contamination so that saprophytic organisms or
normal flora are excluded and culture results can be
interpreted correctly. Since indigenous anaerobes
are often present in large numbers on the surfaces
of skin and mucous membranes, even minimal
contamination of a specimen with normal flora can
give misleading results.

Prompt delivery of specimens to the laboratory
is essential. Various transport devices are available
that offer an oxygen-free environment, which is
generally provided by a mixture of carbon dioxide,
hydrogen and nitrogen, plus an indicator that
illustrates the aerobic conditions. The specimens
should be placed into an anaerobic transporter
as soon as possible after collection. Aspirates of
liquid specimen or tissue are always preferred
to swabs. The techniques for cultivation should
provide optimal anaerobic conditions throughout
processing. Detailed procedures of these methods
can be found in microbiology manuals.”

Some studies have failed to find any
microorganisms using conventional microbiological
culture methods,"" while others*"” have identified
bacteria in all sinus samples. The remainder of
these studies recovered micro-organisms in only
some cases.®'>"*"” Recent studies utilizing sensitive
non-culture molecular technologies*’" have
confirmed the presence of polymicrobial aerobic-
anaerobic flora, thus confirming the earlier culture-
based findings. Table 1 presents information on the
studies that provided detailed information on their
results.

The use of sinus aspirates or swabs collected
through the middle meatus carries the risk of
specimen contamination by nasal sinus flora, and
data collected via this technique may not accurately
reflect the actual sinus flora.
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Bjorkwall® summarized the studies carried
out prior to 1950 of normal maxillary sinus flora
using antral cultures; all of these failed to recover
organisms. This author also found no bacteria in a
series of 54 antral cultures. Evans et al.’ performed
three maxillary sinus antral punctures on two non-
infected subjects. Specimens were cultured for
aerobic organisms only, and aspirates were “either
sterile or contained low titres of bacteria (< 10° per
millilitre)”.

Van Cauwenberge et al.” examined 100 antral
punctures, 34 of which were obtained from healthy
sinuses, using methods adequate for the isolation
of anaerobic bacteria. Anaerobic bacteria were
isolated in 33% of cases, 12% of which were the
only isolates; aerobic or facultative bacteria were
recovered in 45%; and 21% were mixed aerobic-
anaerobic. The most frequently detected anaerobe
was Peptostreptococcus spp.

The bacterial flora of non-inflamed sinuses were
examined by Brook® for aerobic and anaerobic
bacteria in 12 adults who underwent corrective
surgery for septal deviation. Specimens were
obtained by external puncture of the maxillary
sinus after strict asepsis to avoid contamination.
Organisms were recovered from all aspirates
with an average of four isolates per sinus. The
predominant anaerobic isolates were Prevotella (7
isolates), Fusobacterium (5), Peptostreptococcus
spp. (7) and Propionibacterium acnes (3). The most
common aerobic bacteria were beta-haemolytic
Streptococci (5  isolates),  Staphylococcus
aureus (2), Streptococcus pneumoniae (2), and
Haemophilus parainfluenzae (2). The recovery of
anaerobic organisms in all sinuses was due to the
use of adequate methods for the transportation and
cultivation of specimens.

In another study, Su ef al * obtained intraoperative
specimens from seven non-infected maxillary
sinuses. Only techniques appropriate for the
recovery of aerobic bacteria were employed. Aerobic
bacteria alone were recovered in all aspirates, and as
a single isolate in two. The predominant organisms
were alpha-haemolytic streptococci (6 isolates),
Staphylococcus epidermidis (2), and Haemophilus
influenzae (2).

Posawetz et al."” collected swab cultures from 16
patients undergoing sinuscopy. Methods adequate
for the isolation of anaerobic bacteria were
used. Nine specimens yielded Streptococcus or
Staphylococcus spp., and anaerobic bacteria were
found in seven instances.
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Table 1
Microbiological studies of normal non-inflamed sinuses
Number of inuses| | feqods of
Authors iring Year | collection of Microbiological results Comments
bacteria/Number .
. . specimens
of sinuses studied
Bjorkwall® 0/54 (0%) 1950 | Antral cultures Sterile Cultured for aerobes
Evans et al ® 1/3 (33%) 1975 | Antral punctures Sterile, low titres of bacteria Cultured for aerobes
S. pyogenes , S. aureus, S.
Brook? 12/12 (100%) 1981 | Sinus puncture pneumoniae, H. paratr%ﬂuenzae, Cultured for aerobes and
Prevotella Fusobacterium, anaerobes
Peptostreptococcus spp., P. acnes
Su et al? 717 (100%) 1983 | [nuraoperative Streptococet , S. epidermidis, H. | cy1red for aerobes
specimens influenzae
Posawetz et al. | 16/16 (100%) 1991 | Sinuscopy Streptocgccus, .Staphylococcus, Cultured for aerobes and
anaerobic species anaerobes
Cook and 4120 (20%) 19g7 | Intraoperative Cultured for aerobes
Harber specimens
Sobin et al." 0/12 (0%) 1992 | Antral puncture Sterile Cultured for aerobes
14 of 30 (47%) of
I " swab specimens Antral swab or Cultured for aerobes and
iang et al. and 7 of 17 mucosal biops anaerobes
(41%) of mucosal psy
specimens
Gordts ef al.* 39/52 (75%) 1999 Middle meatus S. epidermidis Corynebacterium Cultured for acrobes
swabs spp., S. aureus
S. aureus, S. epidermidis,
Nadel et al.* 38/50 (76%) 1999 Middle meatus diphtheroids,, P. acnes, Cultured for aerobes and
swabs Peptostreptococcus anaerobes
spp.,Fusobacterium varium
Albg arllsd 12 of 84 (14%) 2013 | Frontal sinus lavage S.. epldermlc?zs, Citrobacter Cultured for aerobes and
Florian diversus, Micrococcus spp anaerobes
Abou-Hamad et | 4»q (184, 2009 | Antral puncture | . epidermidis, Cirobacter fundi, | Ct1lured for aerobes and
al. anaerobes
Quantitative polymerase
Ramakrishnan Intraoperative S. epidermidis, S. aureus, chain reaction (PCR)
etal.” 28/28 (100%) 2013 antral swabs corynebacterial spp P. acnes and 16S rRNA
pyrosequencing
. Pseudomonadaceae,
Endoscopically- Lachnospiraceae, Ralstoniaceae
Abreu et al.”® 10/10 (100%) 2012 | obtained antral pirad ’ * | Phylogenetic microarray
Mycobacteriaceae,
mucosal . .
Helicobacteriaceae
. . - DNA extraction,
Yan ef al.” 12/12 (100%) 2013 Actinobacteria and Firmicutes, | g cation and
Proteobacteria .
pyrosequencing
Middle meatus |, Curtobacerium Poeudomonas, | Peral 165 and fungal
Aurora et al! 12/12 (100%) 2013 ’ . . ’ | 18S ribosomal RNA
lavage Propionbacterium, and Prevottela .
sop. genes sequencing

Cook and Harber® obtained sinus samples from

a few transient bacteria in the antrum. Sobin et al."!

20 patients using an open sterile surgical technique
prior to the planned surgical repositioning of the
maxilla osteotomy. Only methods adequate for
aerobic bacteria were used. The investigators found
a small number of organisms in 20% of maxillary
sinuses, and concluded that the asymptomatic
adult maxillary sinus is usually sterile, except for
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employed antral puncture followed by instillation of
sterile saline and aspiration, and studied aspirates of
12 volunteers with no sinus disease. No organisms
were recovered in any of the specimens.

Jiang et al.” evaluated the bacteriology of
endoscopically normal maxillary sinuses by passing
cotton-tipped sticks through a cannula to collect
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swab specimens. In some cases, a biopsy forceps
was also passed to obtain mucosal specimens. The
specimens were sent to the laboratory for aerobic
and anaerobic cultures. Organisms were recovered
in 35 of 52 (62%) of swab specimens, and 8 of 14
(57%) of mucosal specimens in patients with a
diagnosis of chronic paranasal sinusitis, and from
14 of 30 (47%) swab specimens and 7 of 17 (41%)
mucosal specimens from patients with inflamed
sinuses. This study shows that both endoscopically
normal and endoscopically abnormal maxillary
sinuses contain organisms. The use of adequate
methods for the recovery of both aerobic and
anaerobic bacteria may account for the relatively
high rate of recovery of organisms.

Gordts et al.* reported the microbiology of
the middle meatus in normal adults and children.
Thirty-nine of the 52 (75%) adults had a low
number of bacterial isolates, mostly S. epidermidis
(35%), Corynebacterium spp. (23%) and S. aureus
(8%). In children, the most common organisms
were H. influenzae (40%), Moraxella catarrhalis
(34%), and S. pneumoniae (50%). Non-haemolytic
streptococci and Moraxella spp. were absent in
adults. The use of the middle meatal route for
specimen collection risked contamination of the
sample by nasal bacteria.

Nadel et al.” studied the microbiology of normal
sinuses in 25 volunteers. Fifty swab specimens
were collected from the middle meatus and
sphenoethmoid recesses using nasal endoscopy, and
were cultured for aerobic and anaerobic bacteria.
Forty-one aerobic isolates were recovered from 32
cultures. The predominant aerobes were S. aureus
(10 isolates), S. epidermidis (18), and diphtheroids
(8). Seven cultures yielded anaerobic bacteria; P.
acnes (7 isolates), Peptostreptococcus spp. (4),
and Fusobacterium varium (1). The data collected
may not accurately reflect the sinus flora, since
specimens obtained through the middle meatal may
be contaminated by nasal bacteria.

Albu and Florian” recovered organisms in
12 of 84 (14%) non-inflamed frontal sinuses.
Lavages were obtained from frontal sinuses before
craniotomy through trephination of the anterior
wall. The sinus was irrigated with sterile saline
followed by aspiration. Specimens were inoculated
for aerobic and anaerobic organisms. However, only
nalidixic acid and colistin-enriched sheep blood
agar media was inoculated for anaerobic bacteria.
The organisms isolated were S. epidermidis (3

1. Brook

isolates), Micrococcus spp. (2), and Citrobacter
diversus (1). The absence of anaerobic bacteria
may be explained by the use of inadequate methods
of specimen cultivation for anaerobes, since the
only agar plate used was inhibitory and may have
prevented the growth of some organisms.

Abou-Hamad er al.' quantitatively determined
the maxillary sinus bacterial flora in 34 patients
undergoing Lefort I osteotomy to correct midface
deformities. The sinus was irrigated with sterile
saline followed by aspiration, and specimens were
inoculated for aerobic and anaerobic organisms.
Organisms were isolated in 4 of 28 (18%) non
inflamed sinuses. These included two different
coagulase-negative staphylococci in the same
patient: one in each sinus with 200 UFC/mL in
the left sinus and 10 UFC/mL in the right sinus,
one Citrobacter fundii (70 UFC/mL) and two
polymorphic flora. The absence of more isolates in
this study cannot be explained based on the reported
methodology. However, potential causes for the
lack of bacterial growth are not discussed, such as
the adequacy of the culture media used, length of
incubation, and utilization of normal saline without
anti-bacterial activity.

Ramakrishnan et al.” collected specimens
from 28 individuals without sinusitis. The
patients underwent either endoscopic sinus

surgery to approach a small unilateral skull base
lesion, endoscopic orbital surgery, or endoscopic
septoplasty for nasal airway obstruction. Samples
were collected using swabs that were endoscopically
guided deeply within the middle meatus.

Bacterial colonization was assessed using
quantitative polymerase chain reaction (PCR) and
16S rRNA pyrosequencing, a culture-independent
microbiologic technique. All subjects were positive
for bacterial colonization of the middle meatus. A
high prevalence of S. epidermidis (96%), S. aureus
(68%), and P. acnes (93%) was observed. A variety
of Corynebacteria spp. (mainly Corynebacterium
tuberculostearicum) also were observed, with a
collective prevalence of 93%. The authors found
rich and diverse bacterial assemblages in all of
the individuals, including opportunistic pathogens
typically found in the nasopharynx.

Although some taxa (S. epidermidis, S. aureus,
P. acnes) dominated the microbiomes of multiple
individuals, the authors noted variability between
subjects, implying that future upper airway and
sinus microbiome studies will require large patient
cohorts.
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The distribution of species in the microbiomes of
smokers (current or former) differed qualitatively
from that of non-smokers. Among smokers there
was a significant increase in the phylum Firmicutes
(p = 0.005), especially S. aureus (p = 0.04),
compared to non-smokers. In contrast, members of
the phylum Actinobacteria including P. acnes and
Corynebacteria tended toward decreased levels in
smokers.

The data reported by Ramakrishnan et al.”
suggest that species considered pathogenic in acute
or chronic rhinosinusitis may be present in low
numbers in healthy patients and have the potential
to cause disease after an acute alteration in the
stable baseline microbiome.

Abreu et al'® compared the sinonasal
microbiome of 10 patients with chronic rhino-
sinusitis (CRS) to 10 healthy individuals utilizing
a phylogenetic microarray (16S rRNA PhyloChip,
Affymetrix Corporation, Santa Clara, California,
USA). Endoscopically-guided brush samples
of mucosal surfaces were collected. Known
pathogenic members of the Pseudomonadaceae,
Lachnospiraceae, Ralstoniaceae,
Mycobacteriaceae, and Helicobacteriaceae were
detected in both healthy subjects and those with
CRS. However, the abundance of large numbers
of taxa was significantly reduced in CRS patients.
These included Lactobacillale, and included known
probiotic species such as Lactobacillus sakei,
Carnobacterium  alterfunditum,  Enterococcus
mundtii, and Pediococcus pentosaceus. In
contrast, only a single taxon, Corynebacterium
tuberculostearicum, exhibited a significant increase
in abundance in CRS patients (P <0.03).

Low clinical symptom severity was associated
with an abundance of the Lactobacillaceae,
Enterococcaceae, Aerococcaceae, and
Streptococcaceae. These findings suggest that
members of these families play a protective role in
healthy sinuses. In contrast, the relative abundance
of only C. tuberculostearicum was positively
correlated with increased symptom severity.'®

Abreu et al.® utilized a murine model and
confirmed the pathogenic potential of C.
tuberculostearicum and the critical necessity for
a replete mucosal microbiota to protect against
this species. They also demonstrated the ability
of L. sakei to protect the sinus epithelium,
possibly through competitive inhibition with C.
tuberculostearicum.
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Aurora et al.,* who collected specimens through
middle meatus lavage, compared the microbiome
and immune response between 30 patients with
CRS and 12 healthy controls. The microbiome was
analysed using a culture-independent microbiologic
technique by deep sequencing of the bacterial
16S and fungal 18S ribosomal RNA genes.
Although a quantitative increase in most bacterial
and fungal species was observed in patients with
CRS relative to controls, the microbiomes of
patients with CRS were qualitatively similar to the
controls. The predominant aerobic organisms were
Cyanobacterium, Curtobacterium, Pseudomonas
spp., and Staphylococcus aureus. The commonest
anaerobes were Propionibacterium and Prevotella
spp.

Patients with CRS had increased levels of
cytokines IL-4, IL-5, IL-8, and IL-13, along with
increased levels of eosinophils and basophils in the
lavage.* Furthermore, peripheral blood leukocytes
obtained from some patients with CRS responded
to control lavage samples (i.e., to commensals) and
produced IL-5. In contrast, the same lavage sample
evoked no IL-5 production in leukocytes from
healthy controls. These results may explain why
systemic steroid treatment provides relief for some
patients with CRS.

Yan et al.” evaluated the nasal microenvironments
and interspecific interactions that influence nasal
microbiota complexity as well as S. aureus carriage
in 12 healthy participants over a 3-week period.
Three sites were studied using 16S rRNA gene
pyrosequencing: the anterior nares, middle meatus,

and sphenoethmoid recess. Corynebacterium
accolens and C. pseudodiphtheriticum were
identified as the most important microbial

community determinants of S. aureus carriage. The
microbiota of the middle meatus and sphenoethmoid
recess were nearly identical, and both different
from the anterior nares; sites appeared stable over
the study period. S. aureus carriage was predicted
by different species of corynebacteria, which was
noted to show a relationship with S. aureus growth
in co-culture.

Discussion

Studies of the sinus microbiome utilizing culture
methodology have been replaced in recent years
by nucleic acid-based methods, which seems to be
more sensitive.”** Despite the inability of nucleic
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acid-based methods to differentiate dead bacteria
or cells in the process of phagocytosis and DNA
digestion from viable organisms, these methods
have illustrated the rich and diverse bacteriology
of the paranasal sinuses of healthy individuals,
and highlighted the preponderance of anaerobic
bacteria.*'"'8

Metagenomic studies of CRS showed greater
bacterial abundance and lower diversity compared
with non-CRS samples.” At each phylogenetic
level, Bacteroidetes decreased while Proteobacteria
increased in the CRS group at the phylum level. At
the genus level, Prevotella spp. decreased in the
CRS group, while Staphylococcus spp. increased,
especially in samples from CRS with polyps
compared to CRS without polyps.

There is currently no consensus on which are
the most common organisms found in the healthy
or diseased sinuses, and there is no agreement on
which are the pathogenic or protective organisms.**’
Since the microbiomes found in previous studies
are different (probably due to the diverse nature of
the disease, unique patient populations, variations
in sample collection methodologies, laboratory
methodologies, bacterial primer choices, and
sequencing methods), comparisons between these
remains very difficult. Despite these variations,
however, several microbial patterns have been
observed. The most commonly found organisms
in healthy sinuses are P. acnes, S. epidermidis,
S. aureus, and Corynebacterium spp."** In
contrast, S. aureus and S. epidermidis may be
either commensal or pathogenic depending on their
strain, gene expression, environmental conditions,
and microbial interactions with other members of
the bacterial flora.

The reviewed studies (Table 1) demonstrate that
the healthy non-inflamed sinus is colonized by
microorganisms. These organisms can participate in
sinus inflammation if the right circumstances arise.
The dynamics of sinus inflammation from bacterial
colonization to overt inflammation or infection
progresses through several phases.’ The early stage
is generally viral (mostly rhinovirus, adenovirus,
influenza and parainfluenza viruses) and usually
lasts up to 10 days, after which complete recovery
occurs in 99% of individuals. The mechanism by
which viruses predispose to bacterial sinusitis may
involve viral-bacterial synergy, induction of local
inflammation that blocks the sinus ostia, an increase
in bacterial attachment to the epithelial cells, and
disruption of the local immune defences.

1. Brook

In a small number of patients, a secondary acute
bacterial infection may emerge, generally caused
by potential aerobic bacterial pathogens (i.e., S.
pneumoniae, H. influenzae and M. catarrhalis).
If resolution does not take place, the aerobic
and anaerobic bacteria that colonize the sinus
as well as the oropharynx can over time become
predominant.”> Conditions which promote the
growth of anaerobic bacteria include a reduction in
oxygen tension and an increase in acidity within the
sinus. These are caused by persistent oedema and
swelling, which decreases blood supply, and by the
consumption of oxygen by the aerobic bacteria.”
Another explanation for the slower appearance of
anaerobes as pathogens is that the expression of
some of their virulence factors, such as a capsule,
is slow.*

The transition from acute to chronic sinusitis was
illustrated by repeated endoscopically-obtained
aspirations of inflamed sinus in five patients
who presented with acute maxillary sinusitis
that did not respond to antimicrobial therapy.”
Most bacteria isolated from the first culture were
aerobic or facultative bacteria — S. pneumoniae, H.
influenzae and M. catarrhalis. Failure to respond
to therapy was associated with the emergence
of resistant aerobic and anaerobic bacteria in
subsequent aspirates. These organisms included
Fusobacterium nucleatum, pigmented Prevotella,
Porphyromonas and Peptostreptococcus — Spp.
Eradication of the infection was finally achieved
following administration of effective antimicrobial
agents and in three cases also by drainage.

Several anaerobic and aerobic bacteria that are
part of the normal oropharyngeal flora can interfere
with the growth of potential sinus pathogens.
Interfering organisms (alpha and non-haemolytic
streptococci, Prevotella and Peptostreptococcus
spp.) were recovered in higher numbers from
the nasopharynx of non-rhinosinusitis-prone
individuals, as compared to sinusitis-prone ones.”
Preservation of the organisms capable of interfering
with the growth of potential pathogen may prevent
sinus infection.*

It is well known that after sinus surgery, the
sinus cavities quickly become colonized with
bacteria and are no longer sterile. The question of
whether normal bacterial flora in the sinuses exists
was controversial for over seven decades. The
possibility that microorganisms can colonize a non-
inflamed ‘normal’ sinus is plausible, since there is
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direct communication between the sinuses and the
oral cavity through the ostia, which could enable
organisms that reside in the nasopharynx to spread
into the sinus. The presence of bacteria in the sinus
can explain why these organisms may become
involved in the emerging inflammatory process
following closure of the ostium.

Studies that used adequate microbiology
demonstrated the presence of bacterial flora in
normal sinuses.””” The recent studies utilizing
sensitive non-culture molecular technologies, "
confirmed the earlier culture-based findings.
However, the collection of specimens from the
middle meatus*”*” may allow contamination of
the specimens by organisms of nasal origin; the
microbes present in the middle meatus may not be
entirely representative of the true microbial flora of
the sinus. When compared to the “gold standard”
of maxillary sinus puncture and aspirate, culture-
based studies of middle meatus sampling in acute
rhinosinusitis have demonstrated an accuracy in
the 80%—-90% range.”* However, in the era of
more sensitive culture-independent microbiologic
techniques, a reassessment of the interpretation
of the significance of isolates of middle meatus
specimens is warranted.

Although further studies exploring the role of
the microbiome in sinusitis are yet to be reported,
the findings of Aurora et al’ suggest that the
host response or lack of response to the normal
sinus flora may be central to the development of
sinus inflammation. The study by Abreu et al.”
demonstrated that sinus mucosal health is highly
dependent on the composition of the resident
microbiota. Abreu et al.* also illustrated in a
murine model the ability of Lactobacillus spp.
to competitively inhibit a potential pathogen,
representing a novel therapeutic option for
amelioration or prevention of sinus pathology, even
in patients with severe sinus microbiome depletion.

Modulation of the sinus flora by topical
antimicrobial and/or probiotic organisms that
may interfere with the growth of pathogens may
be used in the future to prevent and treat sinus
inflammation.” Future studies that would explore
these modalities are warranted.

Summary

Studies that used adequate culture or nucleic acid-
based methodologies demonstrated the presence
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of rich and diverse populations of aerobic and
anaerobic bacterial flora in healthy non-inflamed
sinuses.” These organisms may participate in sinus
inflammation if the right circumstances arise. The
host response or lack of response to the normal
sinus flora may be central to the development of
sinus inflammation.* C. tuberculostearicum seems
to have a potential pathogenic role, while some
probiotics (Lactobacillus sakei or Lactobacillus
species) may have a protective effect." Modulation
of the sinus flora by topical antimicrobial and/or
probiotic organisms that may interfere with the
growth of pathogens may be used in the future to
prevent and treat sinus inflammation.
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