ORIGINAL ARTICLE

The bacteriology of chronic rhinosinusitis and the pre-eminence of

Staphylococcus aureus in revision patients
Edward John Cleland, MBBS, Ahmed Bassiouni, MBBCh and Peter-John Wormald, MD

Background: The role of bacteria in the etiopathogenesis
of chronic rhinosinusitis (CRS) remains an area of interest.
The impact of surgery and factors such as the presence of
polyps, asthma, and aspirin sensitivity on the bacterial state
are poorly understood. To determine the effect of these
factors, this study examines the culture results from a large
cohort of CRS patients.

Methods: This retrospective study used the culture results
from 513 CRS patients, which were analyzed for species
growth and compared to factors such as previous surgery,
presence of polyps, aspirin sensitivity, and asthma. Univari-
ate and multivariate logistic regression models were used
for statistical analysis.

Results: Eighty-three percent (83%) of patients had a pos-
itive culture result. The average number of isolates de-
tected per patient was 0.95. S. aureus was the most fre-
quently cultured organism (35%), followed by P. aeruginosa
(9%), Haemophilus spp. (7%), and S. pneumonia (5%). Revi-
sion patients were more likely to grow S. aureus (p = 0.001),
P. aeruginosa (p = 0.044) and have a positive culture

(p = 0.001). Asthma was correlated with a positive culture
(p = 0.039). No difference was determined between polyp
and nonpolyp patients for any of the bacterial outcomes.

Conclusion: This study highlights important factors in the
bacteriology of CRS patients. S. aureus was the most preva-
lent species identified in our cohort, followed by P. aerug-
inosa. S. aureus rates of isolation were also significantly
higher in patients undergoing revision surgery. No associ-
ation was found between the presence of nasal polyposis
and culture rates. © 2013 ARS-AAOA, LLC.
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he role of bacteria as an environmental factor in

the etiopathogenesis of chronic rhinosinusitis (CRS)
is an area of ongoing interest. A definitive representa-
tion of the various organisms involved, and their impor-
tance, continues to be disputed. Previous studies have sug-
gested that a number of specific organisms are particularly
linked to disease recalcitrance. The species most commonly
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implicated are Staphylococcus aureus and Pseudomonas
aeruginosa.'™ Surprisingly, while P. aeruginosa has been
shown to be more frequently cultured in patients who
progress to revision surgery,®® this relationship has not
been conclusively demonstrated for S. aureus.

The detection of bacteria through culture-independent
techniques such as 16S ribosomal RNA (rRNA) gene se-
quencing, is increasingly being used to investigate the mi-
crobiome of CRS patients.”!? These detection techniques
provide a sensitive means by which bacteria resident in a
CRS patient can be identified. This is best highlighted by
rates of species detection using a molecular technique that
demonstrated an increased diversity of bacterial species
by a magnitude of 10,” when compared to standard cul-
tures, and is also consistent with other reports in which
it is proposed that only 1% to 10% of bacteria encoun-
tered in the environment are able to be cultured in the
laboratory.!! While 16S rRNA gene sequencing methods
have the ability to reveal a greater biodiversity in samples,
traditional cultures have been shown to correlate well with
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species abundance.!? The cost benefit of traditional cultures
vs molecular detection techniques, which demand specific
equipment and laboratory skill sets must be considered.'?
As a result, traditional cultures continue to play an im-
portant role in bacterial detection for both the clinical and
research settings.

The objective of this research is to study, through stan-
dard cultures, the bacteriology of CRS patients undergoing
primary and revision surgery. Through the power of a large
cohort, and by controlling for clinical factors, we aim to in-
vestigate the prevalence and clinical associations of bacteria
in CRS.

Patients and methods
Study design

This retrospective study uses prospectively collected data,
from the tertiary referral practice of the senior author
(P.J.W.). The local Human Research Ethics Committee
gave approval for the study (2012052). All patients who
underwent endoscopic sinus surgery (ESS) in the senior
author’s (P.J.W.) practice had cultures obtained at the
time of surgery. Patients who underwent ESS for CRS
between 2003 and 2011 as defined by the Rhinosinusitis
Task Force'* were identified through the practice database.
Patients were excluded if less than 18 years of age, im-
munocompromised, or diagnosed with cystic fibrosis or
Kartagener’s syndrome. Patients without microbiological
investigations were not included.

The extent of surgery varied from middle meatal antros-
tomies with anterior ethmoidectomies (mini-functional ESS
[mini-FESS]), to complete fronto-spheno-ethmoidectomies
(full-house FESS). A number of revision patients with ex-
tensive severe disease received a Draf-Ill/frontal drillout
procedure and/or canine fossa trephination (CFT) of the
maxillary sinus. Before proceeding to surgery, all patients
underwent a standard trial of medical therapy. This in-
cluded a 3-week course of systemic prednisolone and a
2 month course of topical nasal steroid and saline washes.

Data collection

Samples for microbiological determination were harvested
intraoperatively under endoscopic guidance by 2 means: a
swab from the sinus cavity and/or direct retrieval of mucous
(if present) and mucosal tissue from within the sinus cavity.
Intraoperative samples were processed with standard tech-
niques as set out by the Clinical and Laboratory Standards
Institute.'

A database was created to collate demographics and
microbiological results. These results were recorded for
growth, and by species as indicated by the microbiology
laboratory report. For several organisms identification did
not extend beyond the genus level. In these cases this has
been indicated as appropriate by convention. Isolates were
recorded per person irrespective of the number of samples
harvested.

TABLE 1. Demographics and disease characteristics of
study population

Primary surgical | Revision surgical | Total

Characteristics patients (n = 162) | patients (n = 351) | (n = 513)
Mean age (SD) 51 (16) 51 (14) 51 (15)
Male/female 96/66 184/167 280/233
Nasal polyps, n (%) 53 (33) 192 (55) 245 (48)
Asthma, n (%) 47 (29) 160 (46) 207 (40)
Aspirin sensitivity, n (%) 32 35(10) 38 (7)
Smoking, n (%) 10 (6) 23(7) 33(6)
Mean CT scores? 13 15 14

aTotal Lund-Mackay score.
CT = computed tomography; SD = standard deviation.

Data analysis

Statistical analysis used a univariate logistic regression
model. This was applied to the 2 patient groups (primary
and revision) that were compared with respect to each bac-
teria outcome for the 5 most commonly cultured pathogenic
bacteria and also for a positive culture result. When a signif-
icant result was determined, a multivariate logistic regres-
sion model was then applied to control for the potential
confounders: age, sex, presence of nasal polyps, asthma,
aspirin sensitivity, and smoking. All calculations were per-
formed using SAS Version 9.3 (SAS Institute Inc., Cary,
NC) and a p value <0.05 was considered significant.

Results

A total of 515 patients satisfied the selection criteria; 2
patients were excluded due to incomplete demographic
data, reflecting the high standard of prospectively collected
data. The demographic data for these patients is repre-
sented in Table 1. The total culture rate was 83%, with
the predominant organisms being S. aureus, P. aeruginosa,
Haemophilus spp., S. pneumonia and E. coli. A full list of
organisms cultured including floras is shown in Table 2.
The univariate logistic regression model yielded significant
results between primary and revision patients for S. aureus
(p =0.001), P. aeruginosa (p = 0.024), and positive culture
(p < 0.001) (Table 3). The results for Haemophilus spp.,
S. pneumonia, and E. coli did not achieve significance. Af-
ter controlling for confounders with the multivariate logis-
tic regression model (Table 4), the results for S. aureus,
P. aeruginosa, and positive culture remained significant
(p = 0.001, p = 0.044, and p = 0.001, respectively).

Discussion

This study is a retrospective review of the bacteriology re-
sults of CRS patients presenting for primary or revision
ESS. The key findings are the significantly higher rates of
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TABLE 2. Bacterial culture results

Primary (n = 162) Revision (n = 351) Total (n = 513)
Total positive cultures 119 306 425
Average number of species cultured per patient 0.84 1.01 0.95
Bacteria

Aerobic and facultative anaerobic bacteria
Gram positive
Bacillus sp. 0 1 1
Corynebacterium sp. 1 0 1
Staphylococcus aureus 40 138 178
Streptococcus intermedius 1 4 5
Streptococcus pneumonia 9 17 26
Streptococcus Group G 0 1 1
Microaerophilic streptococci 1 0 1
Gram negative
Acinetobacter sp. 0 2 2
Citobacter spp. 2 1 3
Coliform sp. 0 1 1
Enterobacter spp. 4 7 11
Escherichia coli 11 12 23
Haemophilus spp. 7 28 35
Klebsiella spp. 2 12 14
Moraxella catarrhalis 4 6 10
Proteus mirabilis 8 11 19
Pseudomonas aeruginosa 7 37 44
Serratia marcescens 1 2 3
Flora
Oral, skin and respiratory 36 68 104
Anaerobic bacteria
Mixed anaerobe sp. 0 1 1
Other
Miscellaneous organisms not otherwise identified 2 4 6

S. aureus (39% vs 25%) and P. aeruginosa cultures (11%
vs 4%) in the revision group compared to primaries. A sig-
nificant relationship was also shown in the revision group
when considering all bacteria, where positive cultures (87%
vs 73%) were more frequently observed.

For any discussion related to the rates of bacterial isola-
tion, it is important to be mindful of what is represented
by the culture rate for a specific species. Nadel et al.® noted
that culture rates can be described in a variety of ways. For
example, some authors report species rates per total num-

ber of isolates. This can be misleading, particularly when
multiple specimens from the same patients are obtained.
To maintain clinical relevance in this study, species culture
rates are expressed as the number of patients who cultured
a particular species per total number of patients.

The total positive culture rate of 83% was comparable
to Klossek et al.'® and Finegold et al.!” Another study
by Desrosiers et al.'® had a considerably lower positive
culture rate at 46%. The higher rate of positive culture
in revision vs primary patients (87% vs 73%) was an
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TABLE 3. Results of the univariate logistic regression
model (revision vs primary)

Odds ratio 95%

Outcome (revision vs | Confidence

variable primary) interval Chi-square p

S. aureus 1.98 1.30-3.00 10.28 0.001
P aeruginosa 2.61 1.14-5.99 512 0.024
Haemophilus spp. 1.92 0.82-4.49 2.26 0.133
S. pneumonia 0.87 0.38-1.98 0.12 0.733
E. coli 0.49 0.21-1.13 2.83 0.092
Positive culture 2.46 1.54-3.93 14.14 <0.001

TABLE 4. Results of the multivariate logistic regression
models (revision vs primary)*

Odds ratio 95%
QOutcome (revision vs confidence
variable primary) interval Chi-square P
S. aureus 2.09 1.35-3.22 11.09 0.001
P aeruginosa 2.39 1.03-5.59 4.07 0.044
Positive culture 2.4 1.47-3.94 12.19 0.001

*Controlling for age, sex, presence of nasal polyps, asthma, aspirin sensitivity,
and smoking.

interesting finding in our study and may be indicative of
an increased bacterial load in those patients with recalci-
trant disease. This finding remained significant after con-
trolling for confounders, which were subsequently tested
separately to explore any further relationships. Of these,
only asthma was found to be significantly associated with
a positive culture in the univariate and multivariate models
(in this instance revision surgery was also controlled); 87 %
of asthmatics had a positive culture vs 79% of nonasthmat-
ics (p = 0.039).

Asthma itself has been identified as a predictor of poor
outcome post-ESS,'2% and in our cohort, 46% of revi-
sion patients were asthmatics. Nadel et al.® reported no
significant differences in sinus cultures between asthmat-
ics and nonasthmatics. Others have shown higher rates of
S. aureus colonization in a subgroup of polyp patients with
asthma and also aspirin sensitivity.?! The role of S. au-
reus in this setting and its ability to provoke a proinflam-
matory response through superantigens has already been
described.?? The systemic effect of this may be the exac-
erbation of asthma. Locally the heightened inflammatory
state due to S. aureus superantigen activity, may be pro-
viding a hospitable environment for bacteria and thus be a
driving force for the higher positive culture rates in these
patients.

S. aureus was the most commonly detected species in our
patients (35%). This correlated with the results of Nadel et
al.® who reported rates of S. aureus detection of 31% in a

cohort of 265 patients. Gittelman et al.>3 reported similar
rates of S. aureus detection in an outpatient setting. Our
detection rates of S. aureus contrasted with the results of
Niederfuhr et al.,”* who identified it in only 19% of CRS
patients with biopsy and lavage samples. Higher rates of
S. aureus detection (50%) have been seen in a recent molec-
ular study using 16S rRNA gene sequencing. Interestingly
though, in this work, the rate of S. aureus isolation by
standard culture remained in the order of 18%.’

P. aeruginosa was another commonly isolated organism
(9%). The rates of prevalence reported in the literature vary
widely, with culture rates between 0%2* and 17%.° This
is in stark contrast to the detection rate reported using a
molecular technique. These authors demonstrated P. aerug-
inosa in a remarkable 93% of polyp, 92% of mucus, and
90% of turbinate samples.'®

A large proportion of the study population were revision
surgery candidates (68 %) reflecting the nature of referrals
seen in this tertiary rhinology practice. Significantly higher
rates of P. aeruginosa were found in revision patients as
previously described by Brook and Frazier.” Other stud-
ies have also confirmed this relationship.®® Interestingly
though, while S. aureus has been shown to be a predomi-
nant species in postsurgical infections,">25-27 no study to
our knowledge has identified a significantly higher rate of
S. aureus detection in revision patients. It is likely the power
of our large cohort has enabled us to elucidate this finding.
If we consider revision surgery as a marker of disease recal-
citrance, the higher rates of S. aureus and P. aeruginosa seen
in this group are of great interest, and parallel the findings
related to S. aureus biofilms and disease severity.*>2°

Comparisons between the data presented here and that
found in control patients in other studies is limited due to
methodological differences. The study already referenced
by Niederfuhr et al.>* included 21 controls. This group
showed no significant differences in the bacteriologic fea-
tures between those with and without polyps, and control
patients. The major limitations of this study were the alter-
native inferior turbinate site from which these patients were
sampled and the selection criteria for a normal control. In
this case, patients being treated for nasal structural abnor-
malities were selected as controls, yet they had not been
cleared of sinus disease radiographically. Klossek et al.'®
also described the middle meatus bacteriology of a large
cohort of controls (n = 139). They found the isolation of
Streptococcus spp, H. influenzae, S. pneumoniae, Prevotella
spp, Fusobacterium spp, and S. aureus to be significantly
associated with CRS. Another study using a rigorous in-
clusion criteria and collection technique in a group of 14
patients undergoing Lefort I osteotomies revealed a sinus
positive culture rate of only 18%. The organisms cultured
in their cohort were coagulase negative staphylococci, Cit-
robactor fundii and polymorphic floras.?® Key pathogens
such as S. aureus and P. aeruginosa were notably absent.

When considering floras, we could not reproduce the
findings of Schlosser et al.,”’ who found that coagulase neg-
ative staphylococcus was found with increased frequency
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in patients with previously operated on frontal sinuses.
Our results were not sinus-specific, which may have lim-
ited this comparison. Furthermore, no significant difference
was found between polyp and nonpolyp patients for all of
the bacterial outcomes, which was comparable with other
studies.”®3% In particular though, S. aureus was not seen
more frequently in polyp patients, which contrasted with
the finding of Van Zele et al.?!

Other considerations relating to the microbiology that
have not been measured in this study include the effect
of recurrent courses of antimicrobial agents. Patients with
CRS frequently receive multiple courses of antibiotics. The
impact of these antibiotics in selecting for organisms out-
side their spectrum of cover to create superinfections in
CRS is not yet fully understood; it may, for example, con-
tribute to higher rates of P. aeruginosa detection in some
patients. The effect of topical intranasal corticosteroids is
also of interest. The influence of these medications on cul-
ture rates is potentially widespread given their use in preop-

erative and postoperative patients, and is supported by one
study which has shown that intranasal corticosteroids used
preoperatively are associated with lower rates of bacterial
recovery in revision patients.'®

Conclusion

Several important relationships in regards to the microbi-
ology of CRS patients have been recognized by this study.
Revision patients are more likely to have a positive culture.
S. aureus and P. aeruginosa are predominant pathogens
in CRS patients, and for the first time, significantly higher
rates of S. aureus have been demonstrated in a revision pop-
ulation. Its relationship with recalcitrance should therefore
see ongoing attention in future research. €

Acknowledgments

We thank Thomas Sullivan, Discipline of Public Health,
University of Adelaide, for statistical support.

References

1. Bendouah Z, Barbeau J, Hamad W, Desrosiers M. in chronic rhinosinusitis infections using novel 20. Zhang Z, Linkin DR, Finkelman BS, et al. Asthma and
Biofilm formation by Staphylococcus aureus and Pseu- culture-independent techniques. Am J Rhinol Allergy. biofilm-forming bacteria are independently associated
domonas aeruginosa is associated with an unfa- 2011;25:e133-e140. with revision sinus surgeries for chronic rhinosinusitis.
vorable evolution gfter surgery for chronic sinusitis 11. Sun Y, Wolcott RD, Dowd SE. Tag-encoded FLX am- J Allergy Clin Immunol. 2011;128:221-223.el.
and nasal polyposis. Otolaryngol Head Neck Surg. plicon pyrosequencing for the elucidation of micro- 21. Van Zele T, Gevaert P, Watelet JB, et al. Staphylococ-
2006;134:991-99. bial and functional gene diversity in any environment. cus aureus colonization and IgE antibody formation to

2. Coffey CS, Sonnenburg RE, Melroy CT, Dubin MG, Methods Mol Biol. 2011;733:129-141. enterotoxins is increased in nasal polyposis. | Allergy
Senior BA. Endqscopicglly guide;l aeyobig: cultgres in 12. Feazel LM, Robertson CE, Ramakrishnan VR, Clin Immunol. 2004;114:981-983.
postsurgical patients with chronic rhinosinusitis. Am Frank DN. Microbiome complexity and Staphylococ- 22. DeLeo FR, Diep BA, Otto M. Host defense and patho-
J Rhinol. 2006;20:72-76. cus aureus in chronic rhinosinusitis. Laryngoscope. genesis in Staphylococcus aureus infections. Infect Dis

3. ]er_vis-Bardy J, Foreman A, Eield I, Worma_ld PJ. Im- 2012;122:467-472. Clin North Am. 2009;23:17-34.
paired mucosal healing and infection _ass_ocmted with 13. Feazel LM, Frank DN, Ramakrishnan VR. Update on 23. Gittelman PD, Jacobs B, Lebowitz AS, Tierno PM Jr.
Staphylogoccus aureus after endoscopic sinus surgery. bacterial detection methods in chronic rhinosinusitis: Staphylococcus aureus nasal carriage in patients with
Am ] Rhinol Allergy. 2009;23:549-552. implications for clinicians and research scientists. Int rhinosinusitis. Laryngoscope. 1991;101:733-737.

4. Foreman A, qumald PJ. Different biofilms, differ- Forum Allergy Rhinol. 2011;1:451-459. 24. Niederfuhr A, Kirsche H, Riechelmann H, Welling-
ent disease? A clinical outcomes study. Laryngoscope. 14. Benninger MS, Ferguson BJ, Hadley JA, et al. Adult hausen N. The bacteriology of chronic rhinosinusi-
2010;120:1701-1706. chronic rhinosinusitis: definitions, diagnosis, epidemi- tis with and without nasal polyps. Arch Otolaryngol

5. Singhal D, Foreman A, Bardy JJ, Wormald PJ. Staphy- ology, and pathophysiology. Otolaryngol Head Neck Head Neck Surg. 2009;135:131-136.
lococcus aureus biofilms: nemesis of endoscopic sinus Surg. 2003;129:51-S32. 25. Bhattacharyya N, Kepnes L]. The microbiology of re-
surgery. Laryngoscope. 2011;121:1578-1583. 15. Clinical and Laboratory Standards Institute (CLSI). current rhinosinusitis after endoscopic sinus surgery.

6. Nadel DM, Lanza DC, Kennedy DW. Endoscopically Abbreviated Identification of Bacteria and Yeast: Ap- Arch Otolaryngol Head Neck Surg. 1999;125:1117-
guided cultures in chronic sinusitis. Am | Rbinol. proved Guideline. 2nd ed. Wayne, PA: CLSI; 2008. 1120.
1998;12:233-241. 16. Klossek JM, Dubreuil L, Richet H, Richet B, Beutter P. 26. Bhattacharyya N, Gopal HV, Lee KH. Bacterial in-

7. Brook I, Frazier EH. Correlation between microbi- Bacteriology of chronic purulent secretions in chronic fection after endoscopic sinus surgery: a controlled
ology and previous sinus surgery in patients with rhinosinusitis. | Laryngol Otol. 1998;112:1162— prospective study. Laryngoscope. 2004;114:765-767.
chronic maxillary sinusitis. Ann Otol Rhinol Laryn- 1166. 27. Desrosiers M. Refractory chronic rhinosinusitis:
gol. 2001;110:148-151. 17. Finegold SM, Flynn M], Rose FV, et al. Bacteriologic pathophysiology and management of chronic rhinosi-

8.  Rickert SM, Rachakonda T, Hiltzik DH, Kacker A. findings associated with chronic bacterial maxillary nusitis persisting after endoscopic sinus surgery. Curr
M.icrobiolpgy jand aqtibiotic resistance qf chronic sinusitis in adults. Clin Infect Dis. 2002;35:428-433. Allergy Asthma Rep. 2004;4:200-207.
rhmqsmusms In patients undergoing primary vs. 18. Desrosiers M, Hussain A, Frenkiel S, et al. Intranasal 28. Abou-Hamad W, Matar N, Elias M, et al. Bacterial
revision endoscopic sinus surgery. Laryngoscope. corticosteroid use is associated with lower rates of bac- flora in normal adult maxillary sinuses. Am J Rhinol
2010;120(Suppl 4):5243. terial recovery in chronic rhinosinusitis. Otolaryngol Allergy. 2009;23:261-263.

9.  Stephenson MF, Mfuna L, Dowd S_E, et al. Mole_c— Head Neck Surg. 2007;136:605-609. 29. Schlosser RJ, London SD, Gwaltney JM Jr, Gross CW.
ular characterization of the polymicrobial flora in 19. Baudoin T, Cupic H, Geber G, Vagic D, Grgic M, Microbiology of chronic frontal sinusitis. Laryngo-
chronic rhinosinusitis. | Otolaryngol Head Neck Surg. Kalogjera L. Histopathologic parameters as predictors scope. 2001;111:1330-1332.
2010;39:182-187. of response to endoscopic sinus surgery in nonaller- 30. Brook I, Frazier EH. Bacteriology of chronic maxil-

10. Stressmann FA, Rogers GB, Chan SW, et al. gic patients with chronic rhinosinusitis. Otolaryngol lary sinusitis associated with nasal polyposis. | Med
Characterization of bacterial community diversity Head Neck Surg. 2006;134:761-766. Microbiol. 2005;54:595-597.

5 International Forum of Allergy & Rhinology, Vol. 00, No. 0, Month 2013



