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Objectives. Although biofilms have been implicated in poor prognosis after endoscopic sinus surgery (ESS), traditional
methods detecting biofilm such as scanning electron microscope and confocal scanning laser microscope were rarely
used in the practice. The aims of this study was to determine whether the presence or absence of a biofilm detected
by hematoxylin and eosin (H&E) staining followed by light microscopy (LM) that is widely used in daily practice,

predicts surgical outcomes after ESS.

Methods. Retrospective analysis of prospectively collected data. Fifty-five consecutive adult patients (>18 years) who un-
derwent ESS for chronic rhinosinusitis with a minimum of 12-months of follow-up were enrolled in this study. Ran-
dom sinonasal mucosal samples were assessed for biofilm presence using H&E staining with LM. Three independent
observers scored whether a biofilm was present or absent based on H&E staining/LLM, and the interrater variability
was calculated. Pre- and postoperative sinus symptoms and sinonasal mucosal grading were assessed.

Results. Biofilms were present in 28 patients (51%), and the intraclass correlation coefficient according to H&E staining/
LM was 0.731.The presence of a biofilm was associated with a higher preoperative Lund-MacKay computed tomog-
raphy score (22.3 for biofilm-positive patients vs. 18.6 for biofilm-negative patients; P=0.021) and persistent inflam-
mation (mucosal edema and discharge) after ESS (P<0.05).

Conclusions. The presence or absence of a biofilm based on H&E staining/L.M is correlated with disease severity and surgi-
cal outcomes after ESS. H&E staining/LLM for detecting biofilm could be practical and cost-effective methods for pre-

dicting prognosis of ESS.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is thought to have a non-bacterial
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etiology, mainly because of low bacterial culture yield rates. Re-
cently, however, it has become increasingly evident that biofilms
are present on the mucosa of CRS patients, but not the mucosa
of control subjects [1-3]. Furthermore, several studies have
shown that CRS patients with a biofilm tend to have poor clini-
cal outcomes after endoscopic sinus surgery (ESS) [3-6].
Researchers have used various imaging modalities to detect
biofilms, including scanning and transmission electron microsco-
py (SEM and TEM), fluorescent in situ hybridization (FISH), and
BacLight LIVE DEAD with confocal scanning laser microscopy
(CSLM). These methodologies have some drawbacks. In SEM
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and TEM, fixation is difficult and it is challenging to differentiate
between mucus, clots, and biofilms. CSLM with FISH is time-
consuming (>3 hours), and BacLight can only be used for fresh
samples. All of these methods are expensive and difficult to ap-
ply in a daily clinical setting.

Hematoxylin and eosin (H&E) staining has been shown to be
a practical, cheap and easy method for detecting biofilms in
CRS patients [7,8]. Although some studies have demonstrated
that CRS outcomes are worse in patients confirmed to be bio-
film-positive based on other experimental methods, no prior
studies have investigated the correlation between biofilms de-
tected by H&E staining and CRS prognosis [3-6]. If biofilms can
be detected reliably by H&E staining and if the presence of a
biofilm is correlated with CRS prognosis, ordinary H&E staining
could potentially be used to predict outcomes after ESS.

Our aims in the present study were to determine whether
H&E staining combined with light microscopy (LM) examina-
tion can be used to detect biofilms in patients with CRS and to
determine whether the presence or absence of a biofilm can
predict surgical outcomes after ESS.

MATERIALS AND METHODS

We first conducted a pilot study to prospectively evaluate the
feasibility of detecting biofilms with H&E staining. Then, we de-
termined the reproducibility of detecting the presence of a bio-
film with H&E staining and investigated if there was a correla-
tion between surgical outcomes and the presence of a biofilm.
The Institutional Review Board of Samsung Medical Center ap-
proved this study (IRB No. 2011-05-023-003).

Pilot study: feasibility of detecting a biofilm by H&E staining

We obtained fresh tissue samples from five patients with CRS
during ESS for analysis by BacLight staining (FilmTracer Live/
Dead Biofilm Viability Kit; Invitrogen, Molecular Probes, Carls-
bad, CA, USA) and CSLM (LSM700; Carl Zeiss, Jena, Germa-

r ®)

ny). Specimens from another six patients were collected during
ESS for analysis by FISH with EUB338 (5'-Cy3-GCTGCCTCC-
CGTAGGAGT-3') 4,6-diamidino-2-phenylindole (DAPI; Bioneer,
Daejeon, Korea), which is bacterial-specific probe. The FISH and
BacLight protocols were performed as described previously
[9,10].

The mucosal specimens of the 11 CRS patients were fixed in
4% formalin and embedded in paraffin blocks using routine
procedures, followed by H&E staining. H&E-stained sections
were analyzed by LM and specimens prepared by FISH and Ba-
cLight were analyzed by CSLM.

The presence of a biofilm in H&E-stained slides was diagnosed
based on the following criteria [7]: (1) irregularly shaped group-
ings of small basophilic material one third of the size of the sur-
rounding epithelial or inflammatory cells (Fig. 1A); (2) presence
of a biofilm over the epithelial lining, not in or under the epithe-
lial lining (Fig. 1A); (3) biofilm tightly adherent to the surface
epithelium or pulled away slightly (Fig. 1B); or (4) a dense extra-
cellular polysaccharide substance (EPS) material with embedded
basophillic substance coating the epithelial surface (Fig. 1C).

Concordance between the presence or absence of a biofilm
determined using H&E staining with LM versus the other stan-
dard modalities (FISH or BacLight with CSLM) was evaluated.

Main outcome study

We performed retrospective analysis of prospectively collected
data from a tertiary rhinological setting. The medical records and
H&E-stained pathology slides of adult patients (=19 years old)
who underwent ESS for medically recalcitrant CRS between
January 2009 and May 2010 were evaluated. All patients were
operated on by a single senior surgeon (HJD) and followed-up
for a minimum of 12 months.

Preoperative clinical data, including demographic information,
previous sinus surgery history, asthma history, allergy confirmed
by skin prick test, smoking status, and preoperative Lund-
MacKay computed tomography scores were recorded. Preopera-
tive nasal symptom scores including nasal obstruction, purulent
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Fig. 1. Appearance of biofilms on H&E-stained sections (X 100) from patients with chronic rhinosinusitis. (A) Irregularly-shaped groupings of
small basophilic material one third of the size of the surrounding epithelial or inflammatory cells, present over the epithelial lining, not in or un-
der the epithelial lining. (B) Tightly adherent to the surface epithelium or pulled away slightly. (C) Dense extracellular polysaccharide sub-
stance material with embedded basophillic substance coating the epithelial surface.
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rhinorrhea, postnasal drip sense, hyposmia, and facial fullness
evaluated by 7-point Likert scales were also collected. Total
symptom scores ranged between 5 and 35.The presence or ab-
sence of nasal symptoms and nasal endoscopic scores were
evaluated 12 months after surgery. If patients reported any
symptoms, however mild, they were classified as having ongoing
persistent symptoms. Endoscopic scores were assigned by an in-
vestigator (SDH) who remained blinded to the biofilm status of
the patients. Discharge (none, mild, or severe) and edema (none,
mild, polypoid, or polyposis) were analyzed. Biofilm analysis
was performed by an ear, nose and throat (ENT) doctor (SDH)
and two pathologists (SYH and HYP) who were blinded to the
preoperative and postoperative clinical data. Mucosa specimens
from the ethmoid cavity classified as biofilm-positive by two or
three observers were defined as biofilm-positive samples.

Statistical analysis

Statistical analyses were performed using IBM SPSS ver. 19
(IBM Co., Armonk, NY, USA). For all statistical tests, P<0.05
was considered significant. The significance of differences be-
tween the characteristics of biofilm-positive and biofilm-negative
patients were analyzed using a chi-square or Fisher exact test
for dichotomous data or the Mann-Whitney U-test for two-way
independent samples. Interrater variability was calculated using
an intraclass correlation coefficient.

RESULTS

Pilot study

Of the 11 specimens stained with H&E, a biofilm was detected
in seven according to the criteria described in the methods. All
biofilms detected by H&E staining were also detected by FISH
(n=3) and BacLight (n=4). All samples classified as biofilm-neg-
ative by H&E staining were also classified as biofilm-negative by
FISH or BacLight.

Main outcome study

The biofilm status of 55 patients with CRS was determined by
H&E staining and LM. The patient sample consisted of 35 males

Table 1. Comparison of biofilm-positive and biofim-negative patients

Biofilm-positive  Biofilm-negative

Total (n=55) (n=28) (n=27) P-value
Gender (male/female) 21/7 14/13 0.097
Age (year), mean (range)  45.1(19-73) 43.1 (19-70) 0.485
Allergy 12 5 0.080
Smoking 8 4 0.329
Tissue eosinophilia 8 5 0.528
Average number of 0.86 0.37 0.047
previous ESS

ESS, endoscopic sinus surgery.

and 20 females, with a mean age of 44 years (range, 19 to 73
years). Biofilms were detected in 28 of the 55 patients (50.9%).
The interrater variability of the three independent observers
was 0.731.

There were no significant differences in gender, age, allergy,
smoking status, or tissue eosinophilia (>10/high power field)
between the biofilm-positive and biofilm-negative patients. Pa-
tients with a biofilm had a more frequent history of previous si-
nus surgery than biofilm-negative patients (Table 1).

Biofilm-positive patients had a higher preoperative symptom
score (mean, 22.3+7.57) than the biofilm-negative group (mean,
18.6+7.55), but this difference was not statistically significant
(Fig. 2A). The biofilm-positive group had a significantly higher
Lund-McKay score (mean, 16.1£4.91) than the biofilm-nega-
tive group (mean, 12.5+5.6) (Fig. 2B).

The presence of ongoing persistent symptoms and postopera-
tive endoscopic sinus scores were both used as postoperative out-
come measures. Nineteen of 28 patients with a biofilm (67.9%)
had ongoing persistent symptoms, whereas just nine of 27 pa-
tients without a biofilm (33.3%) had ongoing symptoms () test,
P=0.021) (Fig. 3).

Biofilm-positive patients had significantly worse postoperative
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Fig. 2. Comparison of (A) preoperative symptom scores (Mann-
Whitney test, =0.075) and (B) Lund-MacKay computed tomogra-
phy scores (Mann-Whitney test, P=0.021) between biofilm-positive
(+) and biofim-negative (-) patients.
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Fig. 3. Comparison of postoperative ongoing persistent symptoms
between biofim-positive (+) and biofilm-negative (-) patients.
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Fig. 4. Comparison of postoperative endoscopic scores including (A) discharge (Fisher exact test, P<0.001) and (B) edema (Fisher exact test,

P=0.005) between biofilm-positive (+) and biofilm-negative (-) patients.

Fig. 5. Mucicarmine staining to distinguish a biofilm from mucin. The
red stained area is a mucus-containing area (arrows in A and C).
Detection of a biofilm based on H&E staining (arrowhead in B) and
mucicarmine staining (arrowhead in D) (X 100).

endoscopic scores, including discharge and edema scores, than
biofilm-negative patients (Fisher exact test, P<0.05) (Fig. 4).

DISCUSSION

The detection of biofilms by H&E staining showed good, but not
perfect agreement among the three raters (x=0.731). This value
is lower than the previously published interrater variability of
BacLight/CSLM (0.8274) [3] and FISH/CSLM (0.9148) [11].
However, a previous study [11] reported that five of 20 patients
(25%) had discrepant BacLight and FISH results, which are now
known to be the most sensitive and specific tests [12] for detect-
ing biofilms. In other words, there are no perfect modalities for
detecting biofilms.

Two previous studies demonstrated that biofilm detection by

H&E staining is reliable in CRS patients [7,8]. However, the
presence of a biofilm may be missed by H&E staining, because
this staining is just used to investigate tissue layers and their mi-
croscopic architecture.

Another issue with H&E staining is that a EPS lining is similar
to a mucous lining. This was the most discordant point among
the three investigators when diagnosing biofilms based on H&E
staining. We performed mucicarmine staining, which specifically
stains mucin, to confirm that the ‘EPS’ layer was not a mucus
layer, and we were able to distinguish the EPS layer from the
mucinous layer in some patients (Fig. 5). H&E staining com-
bined with Gram staining has been proposed as a robust and re-
liable method for detection of bacterial biofilms [4]. Therefore,
in cases where observers cannot easily distinguish whether a
biofilm is present based on H&E staining, mucicarmine and/or
Gram staining may be helpful.

In contrast to a previous study [3] that reported that H&E
staining correctly identified the presence or absence of a biofilm
in 100% of cases, we found that there was variation among the
observers, with good (x=0.731) rather than excellent agreement
among observers. However, considering the cost-effectiveness of
H&E staining, we consider it a reliable method for detecting
biofilms.

There is increasing evidence that biofilms play a crucial role in
several chronic inflammatory diseases [4,6,13,14]. Detection of
a biofilm in patients who underwent ESS for CRS can help pre-
dict the clinical course of CRS and inform adjunctive treatment
strategies. Although specific treatments are not available for tar-
geting biofilms, it is very important to know if a biofilm is pres-
ent, because it is strongly associated with treatment failure and
persistent symptoms. In the current study, the presence or ab-
sence of biofilm determined just by H&E staining was correlated
with preoperative disease severity and postoperative ongoing
mucosal inflammation. H&E staining, which is a practical, cheap,
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and easy method for detecting biofilms, could potentially be
widely used to predict worse postoperative outcomes.

It was the main limitation of this study that the presence or
absence of a biofilm was not confirmed in all H&E specimens
by standard methods such as FISH or BacLight with CSLM.
However, this was not the primary goal of our study, and a pre-
vious study [7] confirmed a good correspondence between H&E
results and FISH or BacLight results. We just want to show that
the findings inferred from H&E staining with LM could help to
predict outcome of ESS, practically and cost-effectively.

In conclusion, there was good agreement among raters regard-
ing the presence or absence of biofilms in H&E-stained paraffin-
embedded specimens. This is the first study to report that bio-
films as just detected by H&E staining may play a role in refrac-
tory CRS after ESS. Routine H&E staining of surgical specimens
and determination of a biofilm by pathology laboratories might
be practical and cost-effective modalities for predicting worse
outcome of ESS for CRS.
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