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Objective:Modulation of the dysbiotic gut microbiome with “healthy” bacteria via a stool

transplant or supplementation is increasingly practiced, however this approach has not

been explored in the nasal passages. We wished to verify whether Lactococcus lactis

W136 (L. lactis W136) bacteria could be safely applied via irrigation to the nasal and

sinus passages in individuals with chronic rhinosinusitis (CRS) with previous undergone

endoscopic sinus surgery, and whether this was accompanied by bacterial community

flora modification.

Study Design: Prospective open-label pilot trial of safety and feasibility.

Setting: Academic tertiary hospital center.

Subjects and Methods: Twenty-four patients with CRS refractory to previous medical

and surgical therapy received a 14-day course of BID sinus irrigations containing 1.2 ×

109 CFU live L. lactis W136. Patients were monitored for safety using questionnaire,

sinus endoscopy, otoscopy, UPSIT-40 smell testing, and endoscopically-obtained

conventional sinus culture and a swab for 16S microbiome profiling.

Results: All 24 patients receiving at least one treatment successfully completed

treatment. L. lactis W136 probiotic treatment was safe, with no major adverse

events or new infections. Treatment was associated with improvement in

sinus symptoms, QOL, and mucosal scores, which remained improved during

the subsequent 14-day observation period. Microbiome changes associated

with treatment were limited to an increase of the pathobiont Dolosigranulum

pigrum, a bacteria identified as potentially beneficial in the upper airways.

Subgroup analysis suggested differences in microbiomes and responses for

CRSsNP and CRSwNP phenotypes, but these did not attain significance.
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Conclusion: Intranasal irrigation of live L. lactis W136 bacteria to patients with refractory

chronic rhinosinusitis was safe, and was associated with effects on symptoms, mucosal

aspect and microbiome composition. Intranasal bacteria may thus find a role as a

treatment strategy for CRS.

Clinical Trials Registration: www.ClinicalTrials.gov. identifier: NCT04048174.

Keywords: chronic rhinosinusitis (CRS), probiotics, Lactococcus lactisW136, sinus irrigation, CRS treatment, sinus

microbiome, refractory CRS

INTRODUCTION

Chronic rhinosinusitis (CRS) is considered a complex disease,
where multiple factors, including inflammatory cell infiltrate,
microbiome dysbiosis, and dysfunction of the sinus epithelium
interact to initiate and maintain the clinical phenotypes of
chronic rhinosinusitis with nasal polyposis (CRSwNP) and
chronic rhinosinusitis without nasal polyps (CRSsNP) (Meltzer
et al., 2004; Van Zele et al., 2006; Nader et al., 2010;
Stephenson et al., 2010). Current treatment options center on
the combinations of topical and oral corticosteroids and surgery
(Desrosiers et al., 2011). However, even following surgery,
endoscopic signs of recurrence are seen in over 50% of the
patients by 4 months after surgery, and even post-operative
therapy with topical corticosteroid drops or sprays does not
prevent the recurrence of disease (Meltzer et al., 2004; Stjarne
et al., 2009). These patients, with CRS refractory to medical and
surgical therapy, undergo considerable suffering and discomfort
and represent a considerable burden to the health care system.
Novel alternate therapies are thus urgently required.

The microbiome dysbiosis present in CRS may represent a
novel treatment opportunity via microbiome supplementation
(Wagner Mackenzie et al., 2017; Chalermwatanachai et al., 2018).
Microbiome-based therapies are increasingly common in the
digestive tract. Stool “transplants,” where healthy flora from
normal donors are introduced into diseased colon, has been
shown to control colonic inflammation of various etiologies
(Snelling, 2005; Wolvers et al., 2010; Aroniadis and Brandt,
2013). Supplementation with orally administered probiotics for
restoring gastrointestinal microbiome has shown varying results
in the literature going from little improvement (Kristensen et al.,
2016) to being beneficial (Oelschlaeger, 2010; Ferrario et al., 2014;
Bjerg et al., 2015; Brahe et al., 2015).

In the sinuses, the microbiome is believed to play a
beneficial role in health maintenance. Conventional culture
techniques have shown healthy sinuses after ESS to be
associated with S. epidermidis (Al-Shemari et al., 2007), a

Abbreviations: Eos, eosinophils; CFU, colony-forming units; CI, confidence

interval; CRS, chronic rhinosinusitis; CRSsNP, chronic rhinosinusitis without nasal

polyps; CRSwNP, chronic rhinosinusitis with nasal polyps; ESS, endoscopic sinus

surgery; ET, Eustachian tube; IgE, immunoglobulin E; L. lactis W136, Lactococcus

lactis W136;MCID, minimal clinically important difference; POSE, peri-operative

sinus endoscopy; QOL, quality of life; S aureus, Staphylococcus aureus; SNSS,

sino-nasal symptom score; SNOT-22, Sino-nasal Outcome Test 22 items; UPSIT-

40, University of Pennsylvania Smell Identification Test 40-items; WBC, white

blood cells.

Gram-positive coccus. The mechanisms by which S. epidermidis
promote health in the nose and sinuses remain incompletely
described but can be extrapolated from other models. In mice,
intranasally administered S. epidermidis interfered with S. aureus
colonization via direct interference or modification of the
ecological niche (Abreu et al., 2012; Cleland et al., 2014). Other
mechanisms besides direct bacterial interference are believed to
be responsible for the beneficial effects seen. In atopic dermatitis
(AD), a disorder with pathophysiologic and microbiome features
similar to CRS, immunomodulatory effects of the bacteria on
epithelium of dendritic cells may also be playing important
roles. In AD, S. epidermidis is required to dampen inflammation
following injury, via interaction of lipoteichoic acid (LTA; a
TLR2 ligand present in the capsule of S. epidermidis) with innate
immune receptors (Lai et al., 2009).

However, the therapeutic potential S. epidermidis was
tempered by safety concerns regarding the risks of disease
production when applied directly to the delicate nasal and sinus
passages. Despite its strong potential as a therapeutic commensal,
S. epidermidis can represent a formidable pathogen in certain
settings, notably the neonatal intensive care unit and infection
of intrvascular foreign bodies (Moles et al., 2020) This was thus
of particular concern in CRS patients, where anatomical barriers
to the sinuses have been removed at surgery, and motivated
us to search for a suitable candidate which might retain some
of the desirable properties of S. epidermidis, but with lesser
safety concerns.

We thus needed to identify a potentially suitable non-
pathogenic Gram-positive coccus for intranasal application. L.
lactis appears to be a reasonable candidate. It has an excellent
safety profile in animal experiments and human use, and shares
with S. epidermidis the following characteristics believed to
be beneficial. A Gram-positive cocci, it possesses a surface
capsule rich in LTA motifs, and is free of pathogenic genes.
Its safety profile is incontrovertible. L. lactis has been used
in the food industry for over 100 years (Song et al., 2017),
conferring it “Generally Recognized as Safe (GRAS)” status
in the US, EU, and Canada (Doty et al., 1984; Schwartz
et al., 2016) for oral administration. In vitro studies have
supported the safety and immunomodulatory capacities of
L. lactis for intranasal use (Schwartz et al., 2016). Primary
epithelial cell cultures raised from sinus mucosa showed no
evidence of toxicity when exposed to a supernatant of this
strain, while peripheral blood monocyte preparations (PBMC)
showed IL-10 induction without evidence of toxicity or excessive
Th1-type inflammation (Schwartz et al., 2016). Intranasal
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administration in mice was also reported to be well-tolerated
(Oelschlaeger, 2010).

We wished to verify if topical administration of L. lactis
W136 to the nasal and sinus cavities would be safe for patients
with chronic rhinosinusitis refractory to medical and surgical
treatment. To this end, we performed an unblinded prospective
trial to assess the effects of intranasal administration of L. lactis in
patients with chronic rhinosinusitis.

METHODS

Patient Selection
We included patients presenting persistent signs and symptoms
of CRSsNP or CRSwNP despite previous technically adequate
surgery and continued use of maximal medical therapy,
including high-volume budesonide irrigations post-operatively
(“refractory” CRS). Excluded were patients <18 years, cystic
fibrosis, with technical reasons for ESS failure, active sinus
infection with purulence, pain, and/or hyperthermia, or with
immune suppression from disease or medication. Complete
patient recruitment and enrolment flow chart is presented in
Figure 1 as per CONSORT standards.

Sample size needed to detect of side effects occurring at a
frequency of 8% or greater with a 95% CI was calculated to be
24 (using ± 1 SD as an estimate of variability). As our primary
concern was safety, a number was used which balanced resources
available with capacity of identifying frequent side effects.

Study Design
The trial took place from November 18, 2013 to December
12, 2015 at the Centre Hospitalier de l’Université de Montréal
(CHUM), an academic reference center, and was performed
by a single ENT surgeon (MD) (Clinicaltrials.gov identifier:
NCT04048174.) Patients with CRS refractory to medical and
surgical therapy (Meltzer et al., 2004; Desrosiers et al., 2011)
were enrolled in a prospective, single-arm, open-label trial. The
single arm trial design was selected to ensure maximal patient
exposure to L. lactis W136 and minimize “carry-over” effect from
bacterial treatment. While no placebo control was used in this
study, all patients underwent a run-in period during which all
medications were ceased, including corticosteroid sprays, high
volume budesonide rinses. All antibiotics were ceased 30 days
prior to recruitment. Only saline irrigations was allowed, both as
a rescue medication and to control for the potentially beneficial
effects of saline therapy used as vehicle for the bacteria.

Approval was obtained from Health Canada for intranasal
administration of live L. lactis W136 bacteria (Health Canada
registration number: 191920) and the CHUM Institutional
Review Board and Ethics committee (Registration No. 12.288)
prior to trial performance. L. lactis W136 was furnished free of
charge by Agropur Dairy Cooperative (St Hubert, QC, Canada).
Patients were drawn from ongoing clinical activities, and consent
obtained by a member of the study team not involved in
clinical care of the patients. No financial incentive was prided
for participation, apart from reimbursement of hospital parking
expenses. All measures were obtained and processed ensuring
patient data protection and confidentiality.

The treatment protocol is outlined in Figure 2. Following
recruitment, a 2-week washout period occurred during which
all sinus medications were ceased, save for nasal and sinus
irrigation with 120mL of 0.9% saline solution administered
twice-daily using the NeilMed Pediatric Sinus Rinse system
(NeilMed Pharmaceuticals Inc., Santa Rosa, CA). Subjects were
then treated with 14 days of BID irrigations containing 1.2× 109

colony forming units (CFU) of live L. lactis W136 suspended in
120mL 0.9% buffered saline (107 CFU/mL concentration). This
was followed by a second 14-day period during where only the
irrigation with saline was continued. For each application, 120ml
(pediatric size) of clean water was mixed with the appropriate
NeilMed SinusRinse pediatric packet, and the frozen L. lactis
added. If the pellet was difficult to dislodge from the Eppendorf
tube, a drop or two of saline form the NeilMed bottle was put
in the Eppendorf to dissolve it. Patients shook the bottle, and
then rinsed their nose over the sink. The head was held at a
45◦ angle and the irrigation fluid irrigated through one nostril
and out the other. Treatment was done until no product was
left. Technique was demonstrated to the patient and the first
irrigation was performed under direct observation. A new bottle
was supplied for every rinsing to avoid cleaning the bottle in
between uses.

Lactococcus lactis W136 was provided to subjects in frozen
format for reconstitution in single-dose containers. L. lactis
W136 was reconstituted immediately prior to administration in
120mL of buffered saline 0.9% solution using a 120mL nasal
irrigation device. A new irrigation bottle was supplied for each
application. The first application was administered in clinic
under supervision.

Assessments were performed at the beginning and end of the
washout period, at the initiation of L. lactis W136 treatment
(day 0), and at day 1, 7, 14, and 28 after initiation of the tested
therapy. Symptomatology was assessed using total sinonasal
symptom score (SNSS), validated disease-specific quality of
life questionnaire; Sino-nasal Outcome Test 22 item (SNOT-
22) (Hopkins et al., 2009) and aspect of the sinus mucosa as
assessed by a validated endoscopy score (POSE score) (Wright
and Agrawal, 2007). Additional monitoring for safety included
monitoring: (i) sense of smell using the UPSIT-40 (Doty et al.,
1984) (40-item University of Pennsylvania Smell Identification
Test (Sensonics, Inc., Haddon Heights, NJ), (ii) Possible adverse
effects onmiddle ear and Eustachian tube function bymonitoring
middle ear status using otomicroscopy to improve diagnostic
accuracy, (iii) endoscopically-obtained swab cultures (COPAN,
Becton & Dickinson Company, Sparks, MD, USA) to identify
overgrowth by pathogenic or probiotic bacteria. Safety was
further assessed by monitoring adverse events.

Samples were collected by standard culture swab for routine
culture and a nasal brushing for 16S microbiome analysis
obtained at Do, prior to first probiotic application, treatment,
and at D14, the day following the last treatment. All probiotic
irrigations were performed at least 12 h prior to the D14 visit.

Samples for 16S were processed at the Surette Laboratory
(Hamilton, ON, Canada) where DNA extraction, 16S rRNA
gene amplification and sequencing was performed. DNA
was extracted from the whole swabs and its concentration
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measured with a Nanodrop 2000c Spectrophotometers
(Fisher Scientific, Hampton, NH, USA). The quality of the
extracted DNA was evaluated on a 1% agarose gel. Libraries
were prepared by amplifying the V3 hypervariable region
of the 16S rRNA gene based on a modified version of

the libraries described by Bartram et al. (2011). Primers
used were GC-341F (5′-CCTACGGGAGGCAGCAG-3′)
and 518R (5′-ATTACCGCGGCTGCTG-3′). Amplicons
were amplified by PCR and normalized according to the
obtained concentrations prior to sequencing. The MiSeq

FIGURE 1 | CONSORT statement.
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FIGURE 2 | Timeline of probiotic trial. Study protocol showing initial 14 days saline-only washout period; 14 days of L. lactis W136 followed by 14 day saline-only

observational period (D, Day).

TABLE 1 | Population baseline characteristics.

CRSwNP/CRSsNP (n) 17/7

Age (mean ± SD) 54.9 ± 11.9 years

Gender (n) Female = 13 (54%)

Ethnicity (n) 22 (Caucasian); 2 (Arabic)

Asthma [n (%)] 18 (75%)

Number of previous ESS (mean ± SD) 2.08 ± 1.14

History of allergy (seasonal) [n (%)] 5 (21%)

Current smoker 0 (0%)

WBC (109/L) (mean ± SD) 6.83 ± 1.29

Eos (109/L) (mean ± SD) 0.39 ± 0.32

IgE kIU/L(mean ± SD) 275.8 ± 397.7

n, number; SD, standard deviation.

platform was used for 250 bp paired-end sequencing of
PCR products.

Statistical Analysis
Response to treatment was determined by calculating time-
weighted average scores over the study period from day 0 to
day 28, using “time” as day 0 as the baseline value. Results were
expressed in term of confidence intervals (CI).

Microbiome Analysis
Sequence reads were processed and annotated using the
ANCHOR pipeline (Gonzalez et al., 2019). Briefly, sequences
were aligned and dereplicated before selection of OTUs using
a count threshold of 14 across all samples. Annotation queried
four sequence repositories with strict BLASTn criteria (>99%

identity and coverage): NCBI curated bacterial and Archaea
RefSeq, NCBI nt, SILVA, and Ribosomal Database Project (RDP).
When the highest identity/coverage was shared amongst multiple
different (Gonzalez et al., 2018) putative annotation, all were
retained and reported; borrowed from the idea of secondary
annotation in metatranscriptomics. Amplicons with low-counts
(<14) were binned to high-count sequences in a second BLASTn,
using a lower threshold of >98% identity/coverage (secondary
count capture). Alpha diversity wasmeasured using Shannon and
inverse Simpson indices within Phyloseq R package (McMurdie
and Holmes, 2013). Beta diversity was estimated using Bray-
Curtis dissimilarity and the Constrained Analysis of Principal
Coordinates (CAP) ordination method. Dispersion ellipses were
drawn using veganCovEllipse function from Vegan package in
R (Oksanen et al., 2016). Significant distance was evaluated
between the groups using non-parametric analysis of similarities
(ANOSIM) on normalized counts based on Bray distances (R
Vegan package). Differential abundance analysis on 16S rRNA
gene amplicons was performed using DESeq2 (Love et al., 2014),
which can perform well with uneven library sizes and sparsity
common to 16S rRNA gene data (Weiss et al., 2017; Gonzalez
et al., 2018; Minerbi et al., 2019). A differential abundance
selection parameter of false discovery rate (FDR; Benjamini-
Hochberg procedure) <0.05 was applied. Raw counts were
transformed using regularized log transformation across samples
(rlog function, R phyloseq package).

RESULTS

Twenty-seven patients who met inclusion/exclusion criteria were
recruited. One patient was withdrawn before initiation of the trial
because of scheduling issues, and two other patients withdrawn
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FIGURE 3 | Effect of L. lactis W136 on total nasal symptom score (n = 24). Time-weighted average scores over the study period from day 0 (D0) to day 28 (D28).

during the saline treatment period as their symptoms became
intolerable following withdrawal of usual sinus medication
during run-in. None of these patients received L. lactis W136
(Figure 1).

Twenty-four patients received L. lactis W136, and all 24
successfully completed the study. Their baseline characteristics
are summarized in Table 1. Overall, 14 days of treatment
with L. lactis W136 was well-tolerated and all 24 patients
were able to complete a full course. No acute infections
occurred. The saline only washout period was associated with
a deterioration in most parameters, with increased symptoms,
decreased disease specific QOL, and deteriorated mucosal
aspect. Following initiation of treatment, symptoms progressively
improved over the subsequent 28-day treatment and observation
period (Mean change = 6.0; 95% CI: 4.65–7.36) (Figure 3).
Pattern of response showed progressive improvement during the
14 days of L. lactis W136 administration, with improvements
maintained over the 14-day post-treatment observation period.
Individual symptoms of facial pain, headache, nasal congestion,
need to blow nose and post-nasal drip all followed a similar
pattern of improvement (Figure 4). Symptoms showing greatest
magnitudes of improvement were for the symptoms of “Nasal
congestion” (95% CI: 1.10–1.81), “Post-nasal drip” (95% CI:
1.04–1.67) and “Need to blow nose” (95% CI: 1.26–1.81). SNOT-
22 scores followed a similar pattern as for symptomatology.
SNOT-22 score significantly improved over the course of the trial
(95% CI: 27.28–46.87). Again, improvement persisted following
administration of probiotic, and was maintained at the 28-day
point (Figure 5). Mucosal aspect as assessed by endoscopic score
demonstrated a similar pattern of improvement as for sinus
symptoms and QOL (95% CI: 10.32 to 16.28) (Figure 6). Sense

of smell as assessed by UPSIT-40 scores remained stable during
the trial, with no evidence of impairment from therapy (95% CI:
−3.46 to 2.13) (Figure 7).

Bacteriology and Microbiome Assessment
Conventional culture identified no noticeable change in
patterns of collection or in type of bacteria collected over
the course of treatment (Table 2). This was further explored
using culture-independent 16S microbiome assessment.
Samples were able to be collected from all 24 patients. An
average of 82,347 (range between 15,352 and 347,360) counts
per sample (N = 48) were obtained grouped into 6,820
OTUs. Following L. lactis W136 administration, there was
no change in alpha diversity between both sample groups
(Figure 8A). Phylum analysis (Figure 8B) suggested differences
in microbiome composition, however CAP plots showed
no major differences (Figure 8C). Differential abundance
analysis using DESeq2 showed a significant decrease in the
abundance of Dolosigranulum pigrum in post-therapy patients
(Figure 8D).

CRSwNP vs. CRSsNP Sub-Group Analysis
Exploratory analysis of CRSwNP and CRSsNP phenotypes
was performed to verify comparability of groups at baseline
and response to L. lactis W136 administration. There was
no significant difference at baseline scores for symptoms,
SNOT-22, and endoscopy, nor was there any difference in
response. The sole exception to this was the greater presence
of polyps, as expected, in the polyp group (CRSwNP). There
was however a difference between bacteria suggested by
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FIGURE 4 | Effect of L. lactis W136 on individual nasal symptoms (0–3 scale). (A) Facial pain; (B) headache; (C) nasal congestion; (D) need to blow nose; and (E)

post-nasal drip (n = 24). Time-weighted average scores over the study period from day 0 (D0) to day 28 (D28).

conventional culture results between the CRSwNP and CRSsNP
groups (Table 3).

This was explored further by assessing the microbiome
composition at baseline and response to treatment
separately for polyp and non-polyp subgroups. At baseline,
differences in composition were seen between CRSsNP
and CRSwNP groups (Figure 9). Notably, the CRSsNP

group was characterized by a decrease in alpha diversity.
Furthermore, at phylum level, these samples showed an
increased relative abundance of Proteobacteria. When
assessing differences at species level, the CRSsNP group
demonstrated an increased abundance of Dolosigranulum
pigrum, Rothia mucilaginosa, Lachnospiraceae spp., and
Staphylococcus hominis. Differential abundance differences
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FIGURE 5 | Effect of L. lactis W136 on SNOT-22. Mean of total score of the 22 items from quality of life questionnaire (n = 24). Time-weighted average scores over

the study period from day 0 (D0) to day 28 (D28).

FIGURE 6 | Effect of L Lactis W136 on sinus endoscopy: Total POSE score. (n = 24).

were also found. In fact, Stenotrophomonas maltophilia,
multiple species of Pseudomonas aeruginosa and Pseudomonas
stutzeri were found in higher proportion in CRSwNP patients.
Changes associated with therapy were different for both
groups (Figure 10). For CRSsNP, changes in microbiome
was limited to the increase in Turicibacter spp., which
was present only after treatment but at low levels. For
CRSwNP, treatment was associated with reduced abundance

of Staphylococcus MS (multiple species), Peptostreptococcae
MS, Enterobacialles MS, and increased abundance of
Dolosigranulum pigrum.

Adverse Events
No serious adverse events occurred during this clinical trial
(Table 4). Two patients showed evidence of middle ear effusion
during the trial period, without symptoms or signs if acute
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FIGURE 7 | Impact of L. lactis W136 treatment on olfaction. UPSIT-40 scores prior to (Day 0) and immediately following treatment (Day 14) presented individually for

all patients (n = 24) (D, Day).

TABLE 2 | Bacteriology by conventional culture over the trial period.

D-14 (%) D0 (16S) (%) D7 (%) D14 (16S) (%) D28 p-value

Culture + rate 100.0 83.3 95.7 95.8 100.0 NS

Oropharyngeal flora 45.8 45.8 34.8 45.8 54.2 NS

Corynebacterium spp. 4.2 0.0 4.3 4.2 4.2 NS

Coagulase-negative staphylococci 25.0 8.3 21.7 20.8 8.3 NS

Staphylococcus aureus 37.5 20.8 39.1 37.5 37.5 NS

Streptococcus pneumoniae 4.2 4.2 0.0 0.0 12.5 NS

Haemophilus influenzae 4.2 0.0 4.3 4.2 0.0 NS

Pseudomonas aeruginosa 29.2 33.3 30.4 33.3 33.3 NS

Enterobacter cloacae 4.2 0.0 0.0 0.0 0.0 NS

Escherichia coli 4.2 4.2 8.7 8.3 8.3 NS

Pseudomonas putida 4.2 0.0 4.3 4.2 4.2 NS

Proteus mirabilis 4.2 4.2 4.3 4.2 0.0 NS

Serratia marcescens 4.2 4.2 0.0 0.0 0.0 NS

Alternaria spp. 4.2 0.0 0.0 0.0 0.0 NS

There was no overgrowth of new pathogenic species and no growth of L. lactis on conventional culture before or after administration of L. lactis W136.

infection. One patient had effusion and otorrhea already
at time of inclusion. All patients reported ear fullness and
ear pain in pre-treatment SNOT-22, suggesting pre-existing
ET/middle ear disease. Effusion resolved completely in all
patients without additional treatment at 1-month follow-up
after end of study. Minor adverse events included: headache,
migraines, nasal congestion, dental infection, throat pain, cold
sore, gastroenteritis, nasal allergy, and shoulder pain; together all
accounting for <4%. Some events were related to their condition

of chronic rhinosinusitis and the other events pre-existed
before the trial and medications were taken since before
the trial.

DISCUSSION

This study offers further support that topical application of
live bacteria directly to the nasal and sinus cavities via nasal
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FIGURE 8 | Sinus microbial analysis of patients before and after ESS. (A) A comparison of alpha diversity indices (Shannon and inverse Simpson). (B) Compared

relative abundance (from raw counts). (C) Canonical analysis of principal coordinates of taxa abundance from raw counts. No significant differences between the

groups were observed in alpha and beta diversities. (D) Differentially abundant OTUs (FDR < 0.05) between the pre-surgery (pre, n = 24) and post-surgery (post, n =

24) groups. The main axis represents the fold change (log2) in relative abundance of significantly different OTUs between the two groups and their normalized counts.

Values represent mean score for all enrolled patients (n = 24). Change in microbiome is calculated from day 0 to day 14 period (D, Day, D0, introduction of probiotic;

D14, end of treatment).

irrigation administration is safe and well-tolerated in CRS
patients refractory to previous medical and surgical therapy.

While administration of live bacteria to the sinuses is a
relatively novel concept, this adds to existing evidence in animal
and human models supporting that topical intranasal bacterial
therapy is safe (Desrosiers et al., 2011; Cope and Lynch, 2015;

Marchisio et al., 2015). Additionally, despite that this was not a
placebo-controlled trial, during the period of administration of
L. lactis W136, participants demonstrated improvements in their
global sinus condition, as assessed by sinus symptoms, disease-
specific quality of life indices, and endoscopically-assessed
mucosal aspect of the sinuses. This was in marked contrast to the
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TABLE 3 | Conventional culture subgroup analysis according to CRSsNP and

CRSwNP phenotypes.

Bacterial isolate CRSsNP

D-14 (%)

CRSwNP

D-14 (%)

All

D-14 (%)

t-test

CRSwNP

vs. CRSsNP

Oropharyngeal flora 29 53 46 0.30

Corynebacterium ssp. 14 0 4 0.36

Coagulase-negative staphylococci 14 29 25 0.42

Staphylococcus aureus 57 29 38 0.26

Streptococcus pneumoniae 14 0 4 0.36

Haemophilus influenzae 14 0 4 0.36

Pseudomonas aeruginosa 43 24 29 0.42

Enterobacter cloacae complex 0 6 4 0.33

Escherichia coli 0 6 4 0.33

Proteus mirabilis 14 0 4 0.36

Pseudomonas putida 0 6 4 0.33

Serratia marcescens 0 6 4 0.33

Alternaria ssp. 0 6 4 0.33

T-test compares CRSsNP and CRSwNP groups.

saline-only run-in period where symptoms and sinus endoscopy
deteriorated rapidly.

The mechanisms by which the L. lactis W136 could be
exerting its effects in the study remains to be described,
but mechanisms including modulation of immune responses
and bacterial displacement of pathogenic species can be
suspected frommechanisms previously identified in other disease
models. L. lactis is a well-known probiotic bacterium, with
immunomodulatory and antibacterial properties (Oelschlaeger,
2010). Immune modulation by lactic acid bacteria is well-
described, the immunomodulatory effect exerted both via
induction of IL-10 secretion (de Moreno de Leblanc et al.,
2011) and silencing of TLR2 signaling (Fischer et al., 2011;
Kaesler et al., 2016). For L. lactis W136, previous in vitro
studies have confirmed that exposure to L. lactis increases IL-10
induction in a suspension of peripheral blood mononuclear cells
(Moles et al., 2020).

Interference with other pathogens in the sinus cavities may
also play a role. In this study, Dolosigranulum pigrum was
seen in low abundance pre-treatment and was increased in
abundance following L. lactis W136 treatment. D. pigrum has
only recently been identified in the microbiome of cystic fibrosis
lungs (Lopes et al., 2017), where it is described as a pathogen
with the capacity to form biofilms of large biomass which
are resistant to conventional antibiotic therapy. Intriguingly,
it may also have a role in regulation of other pathogens and
is considered to play a key role in inflammatory disorders of
the nose, nasopharynx, and paranasal sinuses (Brugger et al.,
2016). Working alone, in vitro it is capable of inhibiting the
growth of S. aureus, and, in combination with Corynebacterium
pseudodipthericum, it is capable of inhibiting the growth of
Streptococcus pneumoniae and Haemophilus influenzae (Brugger
et al., 2020). D. pigrum has been suggested as a novel
“probiotic” bacteria (Lappan and Peacock, 2019). However, direct

administration of live D. pigrum will require careful assessment
because of its potential for producing human disease, thus it
may find a role as a marker of microbiome status than a
therapeutic agent.

CRSwNP and CRSsNP phenotypes appeared to have different
microbiome patterns, both at baseline and in terms of response
to treatment. At baseline, CRSsNP appears to have an over-
abundance Pseudomonas spp. mainly including Pseudomonas
aeruginosa, while in CRSwNP, other species predominate. Apart
from the lower relative abundance of D. pigrum in the CRSsNP
group, it is interesting to note the low relative abundance
of Akkermansia muciniphila in the CRSsNP group. Reduced
levels of A. muciniphila are associated with obesity, diabetes,
cardiometabolic diseases, low-grade inflammation (Cani and
de Vos, 2017), and lesser responses to PD-1 inhibitors
for cancer (Routy et al., 2018). Supplementation with A.
mucinophilia as a novel probiotic has recently been proposed
(Zhou and Zhang, 2019).

Overall, these microbiome differences may reflect differing
mechanisms of disease development which create unique
microenvironments selecting for dysbiotic flora. Changes in
the microbiome associated with L. lactis 136 treatment differ
between these two entities. CRSsNP microbiomes were not
greatly impacted by administration of L. lactis W136. This is
consistent with in vitro observations where co-culture of L. lactis
W136 with clinical isolates of P. aeruginosa did not have an effect
(Cho et al., 2020).While L. lactis administration is associated with
an increase in Turicibacter, a bacterium implicated in serotonin
metabolism (Fung et al., 2019), its abundance here is so low it is
difficult to believe it is playing a great role in disease causation
or prevention. In CRSwNP, increased abundance of D. pigrum
following L. lactis W136 treatment suggests an unexpected
protective role for this bacterium.

These observations emphasize that the effects of microbiome
supplementation may thus be more complex than direct
associations suggested by in vitro susceptibility testing methods.
Instead of exerting their effects directly, bacteria may interact
with the mucosal barrier or mucosal immunity to compete
for the ecological niche that then effect the observed changes.
In addition, apparently different patterns of changes in the
microbiome for CRSwNP and CRSsNP suggest these might be
best considered as distinct entities for future assessments. This
may contribute to different responses during interaction with
L. lactis W136 and suggest that future trials consider these
entities separately.

The occurrence of middle ear effusion in two subjects is
worthy of further discussion. The mechanism of development
of ear effusion is unknown but may be related to other factors
than probiotic administration, such as (i) deterioration of pre-
existing Eustachian tube dysfunction and/or upper respiratory
tract disease following withdrawal of therapy or (ii) performance
of nasal irrigation. ET dysfunction is frequent in CRS patients
particularly in those with severe disease (Stoikes and Dutton,
2005; Maniakas et al., 2018) and may deteriorate following
withdrawal of CRS medication. This concept is supported by a
recent clinical trial of 60 patients treated with Dupilumab or
placebo for CRSwNP where otitis media developed in a patient
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FIGURE 9 | Sinus microbial analysis of patients without and with nasal polyps (CRSsNP, n = 7; CRSwNP, n = 17). (A) Comparison of alpha diversity indices (Shannon

and inverse Simpson). (B) Comparison of relative abundance (from raw counts). (C) Canonical analysis of principal coordinates of taxa abundance from raw counts.

Significant differences between the groups was observed in beta diversities (PERMANOVA, p < 0.01). (D) Differentially abundant OTUs (FDR < 0.05) between patients

with polyps and patients without. The main axis represents the fold change (log2) in relative abundance of significantly different OTUs between the two groups and

their normalized counts.

in the untreated placebo group treated only saline irrigation
(Bachert et al., 2016).

Study Limitations
This pilot study is not a parallel group-controlled trial, but rather
a feasibility and safety study to better understand the feasibility

of this therapeutic approach. We understand this is a limitation
but, the placebo or therapeutic effects of vehicle administration
(saline) have been controlled for by using saline irrigations
during the run-in period while all other sinus medications were
ceased, thus we feel that effects observed following initiation of
therapy are secondary to the latter and not the saline irrigation.
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FIGURE 10 | Sinus microbial analysis of microbiome modifications before and after L. lactis W136 administration. (A) For CRSsNP (n = 7) and (B) For CRSwNP (n =

17) subgroups. Differentially abundant OTUs (FDR < 0.05) between before and after L. lactis W136 administration. The main axis represents the fold change (log2) in

relative abundance of significantly different OTUs between the two groups and their normalized counts.

TABLE 4 | Adverse events occurring during study period.

Adverse event Frequency Resolved at end of trial?

Middle ear effusion (non-infectious) 2/24 (8.2%) Y

Headache 1/24 (4.1%) Y

Migraines 1/24 (4.1%) Y

Nasal congestion 1/24 (4.1%) Y

Dental infection 1/24 (4.1%) Y

Throat pain 1/24 (4.1%) Y

Cold sore 1/24 (4.1%) Y

Gastroenteritis 1/24 (4.1%) Y

Nasal allergy 1/24 (4.1%) Y

Shoulder pain 1/24 (4.1%) Y

All events are recorded.

The effect of saline irrigation alone in severe CRS is expected to
be limited. This is confirmed by the aggravation of symptoms and
deterioration of QOL and mucosal aspect following withdrawal

of medications during the run-in period. In addition, saline
irrigations have been shown not to influence microbiome
composition in CRS patients (Liu et al., 2015). That L. lactisW136
was associated with a time-dependent improvement suggests it
may be having an effect, possibly via one of the mechanisms
postulated above.

CONCLUSION

Topical intranasal administration of live L. lactis W136 for
14 days in patients with chronic rhinosinusitis refractory
to medical and surgical therapy was well-tolerated, without
serious adverse events or new infections. Improvements
noted in symptoms, quality of life, and mucosal aspect
suggest that topical administration of Lactococcus lactis
W136 may potentially represent novel alternative therapy
for patients with sinus disease, making it worthy of
further investigation.
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