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The clinical outcomes of medical therapies in chronic 
rhinosinusitis are independent of microbiomic outcomes: a 
double-blinded, randomised placebo-controlled trial*

Abstract
Background: Oral and topical corticosteroids, and antibiotics form the mainstay medical treatment of chronic rhinosinusitis (CRS). 

Clinical outcomes vary depending on the chosen therapy, resident microbiome and disease phenotype. We conducted a double-

blinded, placebo-controlled Randomised Controlled Trial (RCT) to investigate effects of medical therapy on clinical outcomes and 

associated microbiome shifts. 

Methodology: Fifty eligible patients (CRS with and without polyps) were treated for 3 weeks after randomisation into 3 arms: na-

mely oral prednisolone, topical budesonide irrigations and oral doxycycline; each with appropriate placebo. Clinical scoring and 

microbiome swabs were performed on enrolment, at treatment completion and 3-weeks post treatment completion. Microbiome 

analysis was performed using the llumina-MiSeq next generation sequencing platform and QIME-2 pipeline. 

Results: Significant improvement in clinical scores was observed in prednisolone and budesonide arms at treatment completion 

but not with antibiotic. Sub-group analysis showed more pronounced effects in patients with polyposis. Corynebacterium and 

Staphylococcus species predominated, with variable bacterial relative abundance among different treatments at all time-points. 

The only significant microbiome finding was an increase in bacterial diversity in topical budesonide group immediately after 

treatment, which returned to baseline 3-weeks post treatment.

Conclusion: Clinical improvement was significant with oral and topical steroid but not empirical antibiotic. Although there were 

some associated microbiome changes with the various treatments, we could not ascertain the consistency of these and whether 

they do have a clinical significance at all.  
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Introduction
Chronic rhinosinusitis (CRS) is a multi-etiological disease where 

infection and inflammation co-exist in the sinonasal cavity. 

The exact triggers and mechanism of inflammation are still 

unclear, but likely include epithelial barrier dysfunction, immune 

dysfunction, sinus outflow obstruction caused by anatomical 

variations, and pathogenic bacterial colonization (1). In particu-

lar, there is a growing interest in literature to accurately define 

the contribution of resident microbiome to the health-versus-

disease state of the sinonasal mucosa (2, 3). These studies suggest 

that CRS patients may be exhibiting an overall shift away from 

a healthy microbiome into a (usually vaguely defined) state of 

“dysbiosis”. It is unclear whether this “dysbiotic state” changes 

over time and, in particular, how factors such as current medical 

treatments influence this state (4).

Corticosteroids represent the cornerstone of medical therapy 

in CRS, with literature providing ample evidence for symptom 

improvement (5, 6). This is through the anti-inflammatory action, 

mediated by glucocorticoid receptors within the host cells (7). 

Additionally, corticosteroids also potentially influence inflamma-
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tion by affecting bacterial growth either directly, or through ex-

cipients used in their commercial preparation (8). Little research 

has been performed however, in the sinonasal microbiome 
(9-11) and especially into the influence of corticosteroids on this 

microbiome (12-14) and the resultant clinical outcomes.

The role of antibiotics in CRS appears less important and its 

usefulness remains unclear, with some reporting benefits on 

short term antibiotics and others showing none (15). Despite this, 

rhinosinusitis is the most common disease for which antibiotics 

are prescribed routinely in ambulatory settings (16). 

Moreover, oral antibiotics influence microbiome of the gas-

trointestinal tract affecting the host immune system, at times 

with deleterious effect, with studies associating this with the 

development of diseases like type-1 diabetes mellitus, bronchial 

asthma, and obesity in animal and human studies (17, 18). Whilst 

antibiotic effects on the gut microbiome have been studied 

extensively, only a few small studies have evaluated its effects 

on sinonasal microbiome.

This RCT aims to (a) evaluate the effects of oral prednisolone, 

topical budesonide rinses and oral doxycycline on clinical 

outcomes in un-operated CRS patients and (b) ascertain their 

influence on sinonasal microbiome. To the best of our know-

ledge, this is the first RCT of its kind to assess both outcomes 

simultaneously.

Materials and methods
Ethics statement

An informed, written patient consent was obtained prior to 

study enrolment, in accordance with the declaration of Helsinki. 

This study was approved by the Central Adelaide Local Health 

Network Ethics Committee (HREC/15/TQEH/177). 

Study design

This RCT recruited CRS patients without prior history of sinus 

surgeries, from the ENT out-patient of a tertiary hospital 

between December 2016 - 2018. Randomization was performed 

centrally by the hospital pharmacy clinical trial department 

using computer-generated table of random permutation of 

20 numbers to randomise into permuted blocks of 9 to the 3 

different treatment interventions. The treatments (active and 

placebo) were prepacked before study commencement in a 

double-blind fashion to ensure concealment. Allocated pack 

numbers corresponding to the randomization list were then 

available to dispense to trial participants with the allocation 

numbers provided to participants in the order of study enrol-

ment. All parties remained blinded until final data analysis.

Study population with inclusion and exclusion criteria

CRS patients diagnosed as per the criteria outlined in the Euro-

pean Position Paper on Rhinosinusitis and Nasal Polyps (EPOS) 

2012(19) guidelines were included in the study. Patients who 

were on any oral steroid, topical steroid or oral antibiotic in a 

6-weeks period prior to enrolment, age less than 18 years, prior 

sinus surgery history, documented doxycycline or steroid allergy, 

using CYP450 inhibitors, immunosuppression, uncontrolled 

diabetes, were all excluded. Patients requesting withdrawal, and 

treatment non-compliance were removed from the study. 

Treatment arms

Table 1 summarizes the three treatment arms. All patients, blin-

ded to their treatment, administered their oral medications and 

irrigation solution daily for 3 weeks. Patients were asked to keep 

a diary and medication packets to be brought back to ensure 

compliance. At the commencement of the study all patients 

received treatment packs, consisting of oral medications, FLO 

sinus care kit with irrigation sachets and an irrigation bottle (to 

prepare a nasal irrigation solution; active ingredients: sodium 

chloride, potassium chloride, calcium lactate pentahydrate, 

sodium bicarbonate, glucose), (ENT technologies, Melbourne, 

Australia) and vials containing a clear solution to be added to 

the FLO irrigation solution. Only one of the treatments in the 

pack had an active medical ingredient, the remaining treatments 

were placebo. Patients were advised to start the three treatment 

packs simultaneously.

The active ingredient in arm 1 was oral prednisolone (As-

pen Pharmacare, St Leonards, NSW), arm 2 was budesonide, 

0.5mg/2mL respules (AstraZeneca AB, Sodertalje, Sweden) and 

arm 3 was oral doxycycline (Alphapharm, Millers Point, NSW). 

The placebo oral medicines were prepared by Professional Phar-

maceutical Packaging Pty, Ltd (VIC, Australia) and the placebo 

for budesonide respules was 2mL water for injections (Pfizer, 

Table 1. Treatment arms.

Oral 
steroid
(n=17)

Oral Prednisolone (25mg/day for 1 week then 12.5mg/
day for 1 week then 12.5 mg every other day for 1 
week) 
+ 200ml isotonic saline with water for injection (2ml 
respules) as placebo delivered intranasally 2 times a 
day 
+ Oral placebo for antibiotic 2 tablets on day one, fol-
lowed by one tablet once daily for 3 weeks

Topical 
steroid
(n=17)

Placebo for oral steroid in tapering doses for three 
weeks 
+ Topical Budesonide (0.5mg/2ml respules) washes of 
the nasal cavities and sinuses delivered intranasally 2 
times a day in 200 ml isotonic saline 
+ Oral placebo for antibiotic 2 tablets on day one, fol-
lowed by one tablet once daily for 3 weeks

Oral 
antibiotic 
(n=16)

Placebo for oral steroid in tapering doses for three 
weeks 
+ 200ml isotonic saline with water for injection (2ml 
respules) as placebo delivered intranasally 2 times a 
day for 3 weeks
+ Oral Doxycycline (antibiotic) tablets 2 tablets on day 
one, followed by one tablet once daily for 3 weeks
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sequence, using AmpliTaq Gold 360 Master Mix (Life Technolo-

gies, Mulgrave, Australia) using local protocol. Amplicons were 

measured by fluorometry (Invitrogen Picogreen; Thermo Fisher 

Scientific, Waltham, MA) and normalized. The equimolar pool 

was then quantified by quantitative PCR (KAPA Biosystems, 

Capetown, South Africa) and set up for sequencing on the Il-

lumina MiSeq (Illumina Inc., San Diego, CA, USA) with 300 base 

paired end chemistry.

Bioinformatic pipeline

Demultiplexed fastq files were received from the sequencing 

facility. We used the new QIIME 2 (version 2018.11) (24) for our 

bioinformatics pipeline (details in supplementary data). Fol-

lowing taxonomy assignment, mean relative abundance as well 

as prevalence of the genera were calculated for each group. 

Shannon’s diversity and Faith’s phylogenetic diversity index 

(Faith’s PD) (25) were used for alpha diversity. Diversity metrics 

were generated through sci-kit bio version 0.5.3.

Microbiome stability studies were conducted according to me-

thods described by Martí et al. (26).

Statistical analysis

Sample size estimation was calculated with alpha=0·05, target 

power=0·80, and within-subject correlation=0·4. Considering 

the preliminary results of unpublished data from our depart-

ment, we assumed differences of 5-20% in relative abundance 

of a taxa in the various treatment arms at different time points, 

signaling that the taxon was affected by treatment. The power 

analysis was done using the GLIMMPSE program version 2.1.2 

(University of Colorado, Denver, CO, USA). The final sample size 

was calculated at n=45 (15 subjects per group). 

We analyzed outcomes using a “Repeated measures ANOVA 

model without the treatment variable but with the interac-

tion between treatment and time specified as a covariate”, as 

recommended by Twisk et al. for the analysis of RCT outcomes 
(27) (supplementary data). The study was registered with the 

Australian New Zealand Clinical Trial Registry (ANZCTR), AC-

TRN12619001398190.

Results
Patient cohort

A total of 178 CRS patients referred to The Queen Elizabeth 

Hospital, Adelaide between Oct 26, 2016 and Nov 2, 2018, were 

screened for recruitment. Among these, 69 patients met the 

eligibility criteria with 50 agreeing for trial enrolment (CONSORT 

flow chart Figure 1). Following randomization, 5 patients were 

excluded due to withdrawal or treatment non-compliance. 

Analysis after unblinding revealed that 1 of these patients was 

from the active oral steroid, 1 from topical steroid and 3 from 

the oral antibiotic arm. The remaining 45 patients reported 

compliance to the 3-week therapy. Table 2 summarizes patient 

Brooklyn, USA). Flo sinus care irrigation was used as the base 

nasal irrigation for all three groups. 

Clinical outcome data 

The patient follow-up was at treatment completion (3-weeks) 

and at 6-weeks (3-weeks after treatment completion). Patient 

symptom scoring, endoscopic grading and microbiome swabs 

were performed on enrolment (day 0), at 3-week (time_3)and at 

6-week (time_6). Radiological severity of CRS was scored using 

the Lund-Mackay score (LMS) (20) prior to recruitment.

Patient symptom scoring included the validated Adelaide 

disease severity score (21) and Sinonasal outcome test-22 [SNOT-

22, minimal clinically important difference (MCID) considered 

at 8.9] (22). Endoscopic assessment was performed using the va-

lidated modified Lund Kennedy scoring (23) which was recorded 

and then scored in a blinded manner (patient symptom scoring 

systems described in supplementary data). 

Microbiome sample collection

A guarded flexible nasopharyngeal flocked swab (Copan Italia 

S.p.A., Brescia, Italy) was rotated 7 times in the middle meatus 

under endoscopic guidance. The swabs were then transferred 

into a sterile container, transported on ice and stored at -80oC.

DNA extraction

DNA extraction from swabs, was performed using the Qiagen 

DNeasy Blood and Tissue kit (Qiagen, Hilden, Germany) with 

modifications. Briefly, the swabs are held and cut into pieces 

using sterile forceps and scissors, into a 2 ml microcentrifuge 

tube containing 180 µl of Lysozyme (Sigma-Aldrich, St Louis, MI, 

USA) lysis buffer prepared at a concentration of 20 mg/ml and 

left at room temperature overnight. The following day, a 5 mm 

stainless steel bead (Qiagen) was added to each tube and beat 

for 20 seconds at 15 Hz using Qiagen Tissue Lyser. A 50mg of 

0·1 mm glass bead (Sigma-Aldrich) was added to the tubes after 

removing steel beads and beat for 5 mins at 30 Hz. To this, 25 µl 

proteinase K and 200 µl Buffer AL (without ethanol) were added, 

vortexed and incubated at 56oC for 30 mins. The supernatant 

collected after centrifugation was transferred to a new tube. The 

protocol was continued according to the manufacturer’s instruc-

tions and the DNA eluted in 100 ul elution buffer. Samples were 

quantified using the NanoDrop spectrophotometer (ThermoFis-

her scientific, MA, USA). 

PCR amplification of 16S rRNA gene and pyrosequencing

Polymerase chain reaction (PCR) amplification and sequencing 

was performed by the Australian Genome Research Facility. By 

amplifying the V3 to V4 (341F–806R) hypervariable region of the 

16S rRNA, gene libraries were generated. PCR amplicons were 

generated using the primers CCTAYGGGRBGCASCAG in the for-

ward sequence and GGACTACNNGGGTATCTAAT in the reverse 
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demographics and baseline clinical characteristics. Post-trial 

follow-up to the 6-week time point was possible for 43 patients 

with 2 patients, both from the active oral antibiotic arm, lost to 

follow up. 

Clinical outcomes: symptom and endoscopic scores

We observed a decrease in the SNOT-22 and ADSS in all treat-

ment arms at time_3 , but a clinically important reduction (> 

MCID of 8.9) was observed only in the oral and topical steroid 

group. The repeated measures model was used for estimation 

of intra-treatment effect sizes across different timepoints, in 

comparison to baseline. This revealed a drop (from baseline) 

of the SNOT-22 mean score of 12·9 [CI 3·0, 22·7] (p = 0·012) for 

prednisolone and 14·4 [CI 3·9, 24·9] (p = 0·008) for budesonide 

rinse on treatment completion. In comparison, the time_3 score 

for doxycycline dropped only 4·6 [CI -7·4, 16·5] (p = 0·448). These 

improvements were not sustained at the time_6 timepoint, 

with a recurrence towards baseline in all groups. When contras-

ting the SNOT-22 scores between the three treatment arms at 

time_3, there was a clinically important difference (> MCID of 

8.9) between prednisolone versus doxycycline (-10·7, CI [-31·1, 

9·6], p = 0·295) and between budesonide rinse versus doxycy-

cline (-17·5, [CI -38·5,3·6], p = 0·102) (Figure 2A).

Changes in the Adelaide Disease Severity Score mirrored that of 

the SNOT-22 (reductions of 3·0, 3·5, and 1·1 at time_3 for the oral 

steroid, topical steroid, and oral antibiotic groups, respectively) 

(Figure 2B).

Similarly, for the Lund-Kennedy scores (LKS), a significant impro-

vement in the scores were observed at time_3 for the predniso-

lone (1·1 [CI 0·2, 1·9], p = 0·013) and the budesonide arms (1·0 

[CI 0·1, 1·9], p = 0·025), while the doxycycline arm scored poorly 

(0·3 [CI -0·7, 1·3]). Again, this improvement in LKS for the first two 

treatments arms was not sustained at time_6 (Figure 2C) 

Figure 1. CONSORT flowchart, n= number of patients/samples. “Not meet selection criteria” included patients who were on medications for CRS with 

in last 6weeks and/or patients not fulfilling EPOS criteria for CRS diagnosis. 

Table 2. Baseline characteristics (n=45)

CRSsNP; Chronic rhinosinusitis without polyps, CRSwNP; Chronic rhinosi-

nusitis with polyps, SNOT-22; Sinonasal outcome test 22, ADSS; Adelaide 

disease severity score, LKS; Lund Kennedy score, LMS; Lund Mackay 

score, Data are n or mean (SD).

Patient 
characteristics

Oral 
steroid

Topical 
steroid

Oral 
antibiotic

Number (n= 50) n=17 n=17 n=16

Mean Age (yrs.) 44·18 41·25 39·00

Male/Female 9/7 12/4 8/5

CRSsNP/CRSwNP 10/6 8/8 10/3

SNOT-22; mean (SD) 58.4 (22.5) 51.7 (21.4) 64.1 (22.4)

ADSS; mean (SD) 14·4 (3.0) 13.3 (3·6) 13·0 (2·7)

LKS; mean (SD) 4.9 (2·9) 6·3 (4·0) 4·6 (3.9)

LMS; mean (SD) 12·29 (4·0) 12.94 (5.4) 9·56 (4·0)
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Microbiome outcomes: taxonomy

Next, we assessed the differential relative abundance trends 

across the follow-up timepoints with different treatments. Cory-

nebacterium and Staphylococcus were the most common genera 

in all groups at all assessed time points. Although this showed 

some trends for the major taxa with different treatments, no 

single comparison was statistically significant at the 0.05 level 

(Figure 3A &B). 

Minimal non-significant decrease in relative abundance of 

Corynebacterium -6.6 [CI 7.9, -21.2] (p=0.36) and Staphylococcus 

were observed in patients receiving prednisolone at time_6. In 

patients randomised to the budesonide irrigation, there was a 

tendency towards a gradual increase in the relative abundance 

of Corynebacterium and Staphylococcus at time_3 and time_6. 

At time_6, the increase in relative abundance was 16·7% [CI -0·3, 

33·8] (p = 0·055) for Corynebacterium and 9.8% [CI -7·2, 26·8] (p = 

0·252) for Staphylococcus compared to baseline (Figure 3A & B).

With antibiotics, a tendency towards a gradual increase in the 

relative abundance of Corynebacterium was observed, reaching 

17·4% [CI -1·6, 36·4] (p= 0·071) increase at time_6 compared to 

Figure 2. Clinical outcomes of the trial: Data represented as means (circles) and Standard Errors (error bars). SNOT-22 scores (A), Adelaide disease 

severity scores (ADSS) (B) and Lund-Kennedy scores (C) were inferred from repeated measures model and demonstrated as change from baseline. The 

maroon dotted line in (A) indicates minimal clinically important difference (MCID). A statistically significant decrease in symptoms scores of SNOT-22, 

and LKS is seen at 3 weeks in the oral and topical steroid treatment arms. SNOT-22 = Sinonasal outcome test-22; time 0 = baseline (day 0); time 3 = 

immediately post-therapy at 3-weeks; time 6 = 3-weeks post treatment completion; * represent p- value < 0.05. 

Figure 3. Relative abundance of Corynebacterium and Staphylococcus, showing an increasing Corynebacterium with topical budesonide and oral 

doxycycline and decreasing Corynebacterium with oral prednisolone at 3 and 6-weeks. Data represented as means (circles) and Standard Errors (error 

bars). Relative abundance of Corynebacterium (A) and of Staphylococcus (B), as inferred from repeated measures model, demonstrated as change from 

baseline.

baseline. Minimal non-significant reductions in relative abun-

dance of Staphylococcus were observed in those patients at 

time_6, compared to baseline.

Microbiome outcomes: diversity and stability studies

We measured Faith’s PD and Shannon’s index as measures of 

phylogenetic and non-phylogenetic alpha diversity, respecti-

vely to assess the microbiome diversity outcomes. Budesonide 

rinses increased Faith’s PD at time_3, (a 1·1 [CI 0·1, 2·1] increase, 

compared to baseline; p = 0·031), but with a rebound towards 

baseline value at time_6. No statistically significant changes 

were observed in Shannon’s index, despite a trend towards 

decreasing diversity at time_6 with antibiotic treatment (-0·6, CI 

[-1·4, 0·1], p = 0·094) (Figure 4A & B).

We used Rank variability (RV) and Differences variability (DV) as 

surrogates for assessing microbiome stability (26). When a large 

number of bacterial taxa change their ranking in terms of abun-

dance compared to the average, the RV and DV become higher 

(and the microbiome becomes, supposedly, more labile i.e. less 

stable). In our trial, the oral and topical steroid arms demon-
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strated a (temporary) reduction in RV at time_3. Comparatively 

speaking, antibiotic treatment had higher RV and the highest 

DV at all follow-up timepoints, albeit all RV and DV comparisons 

were not statistically significant at the 0.05 level and it should be 

interpreted with caution.

Subgroup analyses: polyps versus non-polyps

To investigate the effect of nasal polyps on outcomes, we con-

ducted separate repeated measures models for the CRSsNP and 

CRSwNP subgroups. The improvement in SNOT-22 scores for the 

CRSsNP at time_3 compared to baseline were: 11·0 [CI -1·9, 23·9] 

for the oral steroid; 7·9 [CI -6·1, 21·8] for the topical steroid; and 

6·6 [CI -6·9, 20·0] for the oral antibiotic. On the other hand, the 

improvement at time_3 was more pronounced in the CRSwNP 

for the oral steroid (15·8 [CI -0·8, 32·4], p = 0·06) and the topical 

steroid groups (21·3 [CI 5·1, 37·6], p = 0·013), while the antibiotic 

had an overall average worsening of symptoms at time_3 (-4·6 

[CI -30·1, 21·0], p = 0·714). Again, a rebound to baseline was ob-

served for both steroid groups at time_6. (Figure 5A-1 & B-1).

Figure 5 also shows that, at least in our cohort, there appeared 

to be no consistent correlation of the symptomatic outcome 

with the microbiomic parameters in all the treatments at any 

particular time point (relative abundance of Corynebacterium 

and Staphylococci; Figure 5A-11, B11 & A-111, B-111 and Faith’s 

PD;  Figure 5A1V, B1V).

Discussion
Previous studies that attempted to define the healthy and 

diseased sinonasal microbiota have shaped a present day under-

standing of the role of “dysbiosis” in CRS. Our study takes this a 

step further by attempting to understand microbiome changes 

and their association with the clinical outcomes of the currently 

recommended medical therapies in CRS. 

We observed an immediate post-treatment significant impro-

vement in the subjective (SNOT-22 & ADSS) and objective (LKS) 

clinical scores of CRS patients treated with either oral or topical 

steroids for 3 weeks and not with doxycycline. The improvement 

observed with steroid treatment was not sustained however, 

with the clinical scores returning to base line, 3 weeks post 

treatment cessation. Subgroup analysis based on phenotype 

suggests that the greatest clinical benefit in the steroid arms was 

seen in CRSwNP, which is an expected finding. Unexpectedly 

however, was the apparent worsening of symptoms in CRSwNP 

treated with doxycycline, despite its often-referenced local anti-

inflammatory action (specifically chosen for this study based 

on this action) and broad-spectrum anti-bacterial activity (28, 29). 

Another interesting finding of this study was the lack of signifi-

cant alteration in the microbiomes with the different treatments, 

despite clinical changes observed. Both these observations do 

lend support to the hypothesis that the inflammation seen in 

CRS is non-infective. Although the choice of doxycycline and 

its use empirically without first obtaining a culture, may also 

Figure 4. Microbiome alpha-diversity and stability indices. Data represented as means (circles) and Standard Errors (error bars). Faith’s phylogenetic 

diversity index (Faith’s PD) (A), Shannon’s index (B), Rank Variability (RV) (C) as inferred from repeated measures model, and Difference Variability (DV) 

(D) raw scores. A statistically significant increase in bacterial diversity is seen Faith’s PD with topical budesonide. Time 0 = baseline (day 0); time 3 = 

immediately post-therapy at 3-weeks; time 6 = 3-weeks post treatment completion; * represent p- value < 0.05.
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explain the above results and could be considered a limitation 

of this study, the study design was deliberate in its attempt to 

replicate common treatment practices of clinicians.

High level evidence supports the use of both oral and topical 

steroids in the treatment of CRSwNP (5, 19). In CRSwNP oral ste-

roids have been shown to reduce the inflammatory markers, ra-

diological and endoscopic scores, improving patient symptoms 

on an immediate (2 week) and longer follow up (12 weeks) (5, 

30, 31). A systematic review on topical steroid use for CRSwNP by 

Rudmick et al. (32) demonstrated consistent symptoms reduction 

with the use of mometasone, fluticasone, and budesonide. 

The evidence for steroid use in CRSsNP is less clear with a recent 

meta-analysis by Kalish et al. (33) failing to show overall benefit. 

However, their use appeared safe and with symptomatic benefit 

(demonstrated in few studies) leading the authors to conclude 

that they are a reasonable treatment option for CRSsNP. Oral 

steroids in CRSsNP is not sufficiently supported in literature (31) 

and given the higher side effect profile, is recommended against 

for this phenotype. 

In our trial, budesonide rinses in unoperated patients showed 

comparable clinical benefits to oral steroids. This was also 

observed in our subgroup analysis of CRSwNP. Although not ap-

proved by the U.S food and drug administration (FDA) for use in 

CRS (19), topical budesonide irrigations remain common practice 

Figure 5. Subgroup analysis of clinical and microbiomic indices: Subgroup analysis demonstrating SNOT 22 score improvement on treatment with 

oral and topical steroids, and a worsening with oral antibiotics in CRSwNP patients at 3 weeks. A statistically significant decrease in the clinical symp-

toms on SNOT-22 is seen with topical budesonide. Data represented as means (circles) and Standard Errors (error bars) and the results inferred from 

a repeated measures model. The maroon dotted line indicates minimal clinically important difference (MCID) (14). SNOT-22 = Sinonasal outcome 

test-22; CRSsNP= Chronic rhinosinusitis without polyps; CRSwNP= Chronic rhinosinusitis with polyps; Faith’s PD = Faith’s phylogenetic diversity index. 

Time 0 = baseline (day 0); time 3 = immediately post-therapy at 3 weeks; time 6 = 3-weeks post treatment completion; * represent p- value < 0.05.
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throughout the world particularly post-surgery. Their use is sup-

ported by safety studies that demonstrate no significant effect 

on the hypothalamic-pituitary-axis or intraocular pressure (34, 

35). Furthermore, double blinded placebo-controlled trials have 

consistently demonstrated benefits with budesonide rinses (34, 

36, 37). Our study’s findings add to the ever-growing body of lite-

rature that budesonide irrigations may reduce the need for oral 

corticosteroids with potential systemic side effects despite their 

FDA approval for CRSwNP.

Antibiotics continue to be used in the management of CRS 

despite its low level of evidence. Based on our findings, as well 

as the risk of side effects and the ever-increasing issue of anti-

biotic resistance we do not recommend empirical antibiotics as 

routine in treatment of CRS contradicting previous observations 
(19, 29).

Unique to this study was the analysis of treatment effects on 

the sinonasal microbiome. Consistent with previous literature, 

Corynebacterium and Staphylococcus taxa were the most abun-

dant (13, 38). Interestingly, although trends to microbiome change 

were observed in all treatment groups, statistical significance 

was not achieved. This may reflect a lack of significant effect 

of treatments on the local sinonasal microbiome or could be 

that the study was underpowered to determine a significant 

difference or could be due to the inability of current bioinfor-

matic technology to accurately speciate bacteria. A significant 

microbial finding of this study was the increased diversity seen 

immediately after pulmicort treatment. Microbiome diversity 

is generally associated with health in other body systems (39). 

Similar to the clinical improvement in this cohort, this increase 

in diversity also reduced back to pre-treatment levels after treat-

ment cessation. Although not statistically significant, treatment 

with doxycycline demonstrated the converse, with reduced 

bacterial diversity immediately after treatment. This antibiotic 

related effect is reported in other areas of medicine and is likely 

due to the selective pressures on bacterial growth associated 

with antimicrobial use (40). Interestingly, in our study, worsening 

of clinical scores seemed to correspond to the reduction in 

bacterial diversity. The above findings raise the possibility that 

bacterial diversity may be more important in determining health 

than the specific bacteria, given that the latter did not appear to 

change significantly with treatment. 

A relatively new concept in healthy and diseased is microbial 

temporal stability or variability over time (26). Their study found 

statistically increased microbial variability for subjects taking 

antibiotics, and patients with inflammatory bowel disease. In 

our results, the RV and DV indices of microbial stability could 

suggest (albeit not statistically significant) the potential deve-

lopment of a progressively unstable microbiome with continued 

oral antibiotic use. These results were associated with a lower 

Shannon’s diversity index in the antibiotic group.

Limitations: Sample size was an obvious limitation of our study. 

The strict inclusion criteria eliminated patients currently on, or 

who had recently been treated with medical therapie, aiming 

to remove the possible confounding effect of concurrent 

treatments on the clinical and microbial changes in our cohort. 

As most patients receive a trial of medical therapy from their 

primary care physicians prior to a tertiary rhinology center refer-

ral, this significantly reduced the number of patients eligible for 

study inclusion, and consequently effected its power.

Other limitations include the absence of a saline nasal irrigation 

arm (which could potentially influence clinical and microbiome 

outcomes (14, 41, 42)), absence of a visual analogue score to assess 

disease severity and absence of inflammatory endotyping of 

CRS patients. 

Conclusion
We can conclude that steroids (topical and oral) provide symp-

tomatic improvement, in CRS patients, only as long as they con-

tinue to be given. Although not FDA approved, topical cortico-

steroids seemed to be as effective as oral prednisolone even in 

the unoperated patient. This may have significant implications 

in the maximal medical treatment of patients prior to surgery, as 

evidence is emerging that steroid delivered topically may have 

less systemic side effects than oral steroids. 
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genetic placement (SEPP) technique (6) was used for insertion of the ASVs 

into the high-quality tree generated from the 99% OTUs Greengenes 

reference database.

A rarefaction depth cut-off was chosen at 400 before downstream 

analysis. Taxa were compared at the genus level with additional species-

level analyses for Staphylococcus aureus and epidermidis. The taxonomic 

assignment of the two DNA-negative control samples containing extrac-

tion reagents only was explored. The bacterial genus Flavobacterium was 

common to both samples and was present in relatively low abundance 

in many samples, so this Microbiome stability studies were conducted 

according to methods described by Martí et al. Rank variability (RV) is a 

per-sample index, and a surrogate for microbiome stability. It is defined 

by Martí et al. as “the absolute difference between each taxon rank and 

the overall rank” (7). Differences variability (DV) is another index defined 

as “the absolute difference between each taxon rank at a given time 

and the value it had in the previous time step, averaged over all taxa 

present” (7). These were calculated using a Python implementation of the 

equations described in the original paper (7) genus was excluded before 

downstream statistical analyses. 

Statistical analysis

We analyzed outcomes using a “Repeated measures ANOVA model wit-

hout the treatment variable but with the interaction between treatment 

and time specified as a covariate”, as recommended by Twisk et al for the 

analysis of RCT outcomes (8). Estimated marginal means, standard errors 

(SEs), 95% confidence intervals, and contrasts between study groups 

were extracted from model results using the R package “emmeans” (9). 

For all models mentioned, a linear mixed modelling approach was used 

(through the R packages lme4 and lmerTest) (10, 11) to adjust for the de-

pendency of repeated observations within each patient enrolled in the 

trial by specifying the patient variable as a random effect, following the 

paper of Twisk et al. (8). All statistical analyses were performed using R (12) 

(R Foundation for Statistical Computing, Vienna, Austria) and the Python 

scientific stack (13) through the Jupyter notebook interface (14). 

SUPPLEMENTARY DATA

Materials and methods
Patient clinical scores:

Lund-Mackay score: This is a scoring of the computer tomography of 

the paranasal sinuses wherein each sinus group is scored as 0, 1or 2 (no 

abnormality, partial opacification or total opacification). The ostiomeatal 

complex is scored as "0" (not obstructed) or "2" (obstructed). The score 

range is 0-24. 

Adelaide disease severity score: This scores 5 most significant sinonasal 

symptom of chronic rhinosinusitis. Each symptom is scored on a scale of 

1 to 5. This also contained a general quality of life visual analogue score 

on a scale in the range 0 to 7. 

Sinonasal outcome test: This is a patient reported measure with a broad 

range of health and health -related quality of life questions used in chro-

nic rhinosinusitis. The scores range from a minimum of 0 to maximum of 

110. To meaningfully interpret the clinical importance of the differences 

in the measures of SNOT-22 within groups and individuals, the smallest 

change in scores that a group of patients can detect as real improve-

ment (minimally important difference-MID) is calculated. The MID was 

taken at 8.9 in our study. 

Modified Lund- Kennedy score: This is a scoring of the rigid nasal endo-

scopy for polyps, odema and discharge, each graded as 0, 1 or 2. The 

scores thus ranged from 0 to 6.   

Bioinformatics 

Forward and reverse reads were joined using PEAR (1) through the QIIME 

2 plugin q2-pear (https://github.com/bassio/q2-pear). Joined sequen-

ces were then quality-filtered using the QIIME 2 plugin q2-quality-filter 
(2), with minimum quality parameter of 20 (3). Denoising and Amplicon 

Sequence Variant (ASV) formation were done using deblur (3) through 

the q2-deblur plugin with setting “trim-size” = 435 and with otherwise 

default parameters. Taxonomy assignment was done against the Green-

genes 16S reference database (the 99% clustered similarity sequences) 
(4) version 13.8 (August 2013) using the BLAST-based classifier implemen-

ted in QIIME 2 (q2-feature-classifier) (5) and which implements a Lowest 

Common Ancestor (LCA) consensus algorithm. The SATé-enabled phylo-
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