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ABSTRACT

Objectives Determine the effect of twice-daily
chlorhexidine oral rinses on oral and lung microbiota
biomass and respiratory symptoms.

Setting Single centre.

Participants Participants were aged 40-85 with
chronic obstructive pulmonary disease (COPD) and
chronic productive cough or COPD exacerbation within
the last year. Exclusions included antibiotics in the
previous 2 months and/or those with less than four
teeth. Forty-four participants were recruited and 40
completed the study.

Intervention Participants were randomised 1:1 to twice-
daily 0.12% chlorhexidine oral rinses versus placebo for 2
months along with daily diaries. St. George’s Respiratory
Questionnaire (SGRQ), blood tests, oral rinse and induced
sputum were collected at randomisation and the final visit.
Primary and secondary outcomes Primary outcome
was a change in oral and sputum microbiota biomass.
Secondary outcomes included: sputum and oral
microbiota Shannon and Simpson diversity and taxonomy;
inflammatory markers; Breathlessness, Cough and Sputum
Scale and SGRQ scores.

Results Neither the oral microbiota nor the sputum
microbiota biomass decreased significantly in those
using chlorhexidine compared with placebo (oral
microbiota mean log, , difference (SE)=—0.103 (0.23),
95% Cl —0.59 to 0.38, p=0.665; sputum microbiota 0.80
(0.46), 95% Cl —0.15 to 1.75, p=0.096). Chlorhexidine
decreased both oral and sputum microbiota alpha
(Shannon) diversity (linear regression estimate (SE)

oral: —0.349 (0.091), p=0.001; sputum -0.622 (0.169),
p=0.001). Chlorhexidine use did not decrease systemic
inflammatory markers compared with placebo (C

reactive protein (chlorhexidine 1.8+7.5 vs placebo
0.4+6.8, p=0.467), fibrinogen (22.5+77.8 vs 10.0+77.0,
p=0.406) or leucocytes (0.2+1.8 vs 0.5+1.8, p=0.560)).
Chlorhexidine use decreased SGRQ scores compared with
placebo (chlorhexidine —4.7+8.0 vs placebo 1.7+8.9,
p=0.032).

Conclusions We did not detect a significant difference

in microbiota biomass due to chlorhexidine use.
Chlorhexidine decreased oral and sputum microbiota alpha
diversity and improved respiratory health-related quality of
life compared with placebo.

Trial registration NCT(02252588.
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Strengths and limitations of this study

» Using a randomised control design, this study will
provide the first example of the effects of altering
the oral microbiome in the setting of chronic ob-
structive pulmonary disease (COPD).

» A study intervention that is simple, inexpensive, and
has few side effects.

» Our study was limited by its relatively small sample
size and single-centre design.

» Other limitations include our inability to distinguish
between live and dead bacteria in our samples.

INTRODUCTION
Chronic obstructive pulmonary disease
(COPD) is the third-leading cause of death
worldwide and a significant cause of morbidity
and mortality.! COPD symptoms such as
chronic cough, sputum production, breath-
lessness and wheezing lead to decreased
quality of life. COPD exacerbations are a major
cause of this morbidity. Medications such as
bronchodilators and anti-inflammatory medi-
cations modestly reduce COPD exacerbations
but have not effectively improved symptoms
as assessed by health status. Approximately
50% of COPD exacerbations are attributed
to bacteria®® and patients with COPD often
remain colonised with bacteria in their lower
respiratory tracts even during periods of
stable disease.” These bacteria make up the
lung microbiota. Recent evidence supports
that the oral microbiota is the main source
of the lung microbiota.* > The COPD lung
microbiota also correlates with COPD exacer-
bation frequency.’ No studies have yet been
conducted that seek to alter the COPD micro-
biota biomass using common and safe medi-
cations with only mild side effects.
Chlorhexidine is a topical antiseptic that
is Food and Drug Administration-approved
for use as an oral rinse.” It binds to bacte-
rial cell walls and exerts bacteriostatic and
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bacteriocidal effects; it is broadly active against Gram
positive and Gram negative bacteria as well as yeasts. In
oral rinses it reduces dental plaque, gingivitis, periodon-
titis and decreases oral bacteria after dental extractions or
trauma. In meta-analysis, chlorhexidine oral rinses have
been shown to reduce the risk of ventilator-associated
pneumonia.” It is well-tolerated, with known side effects
consisting of mild oral discomfort, transient decrease in
taste, and tooth discolouration (particularly with tea or
coffee consumption).

Randomised controlled trials of chlorhexidine oral
rinses for dental diseases have shown some possible
decrease in oral bacterial biomass,” '’ decrease in specific
oral pathogens'’ and decreased alpha diversity of the oral
microbiota.!" Oral chlorhexidine use results in an imme-
diate and sustained decrease in oral bacteria viability."?

There is compelling evidence that chlorhexidine oral
rinses improve oral health and are safe and well-tolerated.
The oral microbiota is the source of the lung microbiota
likely due to microaspiration. Among those with COPD,
the oral and sputum microbiota correlate with COPD
exacerbation frequency.® Oral treatment with chlorhex-
idine alters the oral microbiota, which may subsequently
alter the lung microbiota and COPD-related symptoms.
Our primary aim was to determine the effect of twice-
daily chlorhexidine oral rinses on oral and lung micro-
biota biomass in participants with COPD.

METHODS

The ChLorhexidine effect In the oral and lung Micro-
Biota study (CLIMB) is a randomised, blind, placebo-
controlled, parallel-group preliminary study of the eftects
of chlorhexidine oral rinses on COPD. It was conducted
at a single tertiary-care Veterans Affairs medical centre
(USA). A data monitoring committee did not oversee the
study. All data relevant to the study are included in the
article. Protocol and additional methods are provided in
an online data supplement, and the dataset is available in
Dryad.13

Patient and public involvement

The design of this study was based on previous
randomised clinical trials designed for COPD exacerba-
tions. We further received input from expert clinicians
and researchers within the COPD Clinical Research
Network. Patients with COPD were not involved in the
development of the protocol, but participant feedback
was obtained during the study.

Study protocol

Eligible participants were invited to participate in the
study and consisted of those aged 40-85 years with a diag-
nosis of COPD and the presence or high likelihood of a
chronic cough and sputum production. Participants were
excluded if they were not fully recovered for at least 30
days from a COPD exacerbation or were treated with anti-
biotics in the last 2 months.

Participants were assigned (1:1) via a random number
generator to receive either 15 mL of twice-daily 0.12% oral
chlorhexidine rinses (PerioGard)7 or matched placebo
mouth rinses for 8 weeks. The pharmacist conducted the
allocation and assignment and was the only staff member
unblinded to study assignment. Study data were collected
and managed using REDCap electronic data capture
tools hosted at the University of Minnesota.'* '

At visit 1, participants provided medical history,
performed spirometry, completed the St. George’s Respi-
ratory Questionnaire (SGRQ) 1817 were instructed on how
to complete the Breathlessness, Cough and Sputum Scale
(BCSS)"® daily diaries, and provided blood, oral and
induced sputum samples prior to randomisation. Oral
and sputum sample volumes were recorded. Sputum
production was heterogeneous across participants and
samples, so sputum sample 16S copy numbers were
normalised to (ie, divided by) sputum sample mass. Oral
sample size also varied due to variations in expectoration
efficiency and were therefore also normalised to oral
sample mass. Participants returned 8 weeks later to return
BCSS diaries, complete the SGRQ), assess outcomes, and
provide blood, oral and sputum samples.

The clinical laboratories at the Minneapolis Veterans
Affairs Medical Center determined white cell count
(WBC) and differential, fibrinogen, C reactive protein
(CRP) levels and sputum gram stain and culture results.
All oral rinses, sputum samples, and unused sterile water
(control samples) were frozen immediately and until
DNA extraction. 16S rRNA quantification and 16S rRNA
V4 MiSeq sequencing was performed at the University of
Minnesota Genomics Center as previously described."

Outcomes and power analysis

The primary outcome was change in oral and sputum
microbiota biomass after 8 weeks of chlorhexidine versus
placebo use, compared with baseline values as assessed
by 16S rRNA quantification. The primary outcome was
chosen based on the mechanism of action of chlorhexi-
dine, however, sample size calculations were based on a
change in alpha diversity (a secondary outcome) due to
data availability at study initiation. At a sample size of 20
per group and across a plausible range of effect sizes, our
study had 67%-94% power to detect a change in alpha
diversity associated with chlorhexidine use. Sample size
calculations are available in online supplemental file
1, and a rarefaction curve is provided in online supple-
mental figure S1. Secondary outcomes included: sputum
and oral microbiota Shannon and Simpson diversity;
sputum and oral microbiota taxonomy; inflammatory
markers (WBC, fibrinogen and CRP); BCSS scores; SGRQ

score and assessment of adverse events.

Statistical analysis

Baseline variables were compared using Fisher’s exact test
for categorical variables or the Wilcoxon two-sample test
for continuous variables. Means are presented with SD;
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mean differences and parameter estimates are presented
with their associated SE.

All analyses were performed using SAS V.9.4 (SAS Insti-
tute) and the modified-to-treat principle. A two-sided type
I error of 0.05 was used. Correction of the type I error rate
for multiple testing was performed using the Step-down
Bonferroni method.*

For the primary analysis of both normalised oral wash
and normalised sputum biomass count, values were
transformed to the log, scale and the mean difference
between treatment groups was compared using the two-
sample t-test. A multiple imputation procedure was used
to impute each unavailable sputum weight.

The primary data analysis included all those who
completed the study, with baseline and mid-study phone
call data included for non-completers when available. A
subanalysis of the microbiota data was conducted after
excluding samples obtained from participants who used
antibiotics during the study period.

Linear regression was used to examine the effect of treat-
ment group on the 8week change in the Shannon and
Simpson biodiversity indices, BCSS, SGRQ and inflamma-
tory markers separately, with each model adjusted for the
baseline value of the measure.

Subgroup analyses of participants who did not receive
antibiotics during the study were also performed for the
outcomes of biomass and biodiversity.

For taxa abundance analyses, treatment effects on abun-
dance were examined by modelling the 8-week change
using linear regression, adjusted for baseline count. Anal-
ysis was restricted to genera with <20% of values equal
to zero. Fisher’s exact test was used to determine the
proportion with a genus detected at week 8 versus base-
line compared between treatment groups. Results were
corrected for multiple comparisons.

RESULTS

CLIMB assessed 511 participants for eligibility, excluded
215 because they did not meet criteria, 252 declined to
participate and 44 were randomised to study medication.
Participants were recruited between 8 September 2014
and 30 May 2019 and the study ended when 40 partici-
pants completed the 8-week study. Four participants (all
randomised to chlorhexidine) discontinued the study,
leaving 20 participants in each group who completed the
study. One participant withdrew without using any study
medication, while the other three were lost to follow-up
(figure 1).

Of the 44 CLIMB participants, 41 (93%) were male and
42 (95%) were Caucasian. The mean age was 67.9 years
and mean tobacco exposure was 58.2 pack-years. Most
were former tobacco users (31, 70%) and the remainder
were current smokers. High blood pressure (31, 70%)
and coronary artery disease (27, 61%) were reported by
most participants. Mean forced expiratory volume in 1 s
(FEV,) % predicted (FEV pp) was 41.7% and the mean
number of COPD exacerbations reported in the prior 12

| Assessed for eligibility (n=511) |

Excluded (n=467)

Not meeting inclusion criteria (n=215)

Enroliment

Declined to participate (n=252)

Randomized to Chlorhexidine Rinse
or Placebo (n=44)

Chlorhexidine Rinse Placebo
(n=20)

(n=24)
Discontinued prior to

Discontinued prior to
the Week 4 phone call
(n=1) (n=0)

the Week 4 phone call

o
: | |
3
é’ Number with Week 4 Number with Week 4
|?_ Phone Assessment Phone Assessment
] (n=23) (n=20)
©
c
5 |
b Discontinued prior to Discontinued prior to
§° the Week 8 visit (n=3) the Week 8 visit (n=0)
Week 8 study visit completed Week 8 study visit completed
(n=20) (n=20)
g Analyses of study leters (n=40)
‘_g Sub-analysis of those w/o Abx use
< (n=32; 17 Chlorhexidine and 15
placebo)
Figure 1 ChLorhexidine effect In the oral and lung

MicroBiota (CLIMB) study consort diagram. CLIMB assessed
511 individuals for eligibility. Of these, 467 were excluded
and 44 were randomised. Four participants (all assigned

to the chlorhexidine group) discontinued the study. Forty
participants completed the study.

months was 2.1. Baseline mean SGRQ) score was 45.8. No
baseline characteristics differed significantly by treatment
group (table 1).

The number of participants experiencing a COPD
exacerbation or using an antibiotic or oral corticoste-
roid during the study period are presented in table 2.
Eight participants (3 in the chlorhexidine group, 5 in
the placebo group) received antibiotics during the study;
most but not all antibiotic use was for a respiratory indica-
tion. No participants experienced more than one exacer-
bation, more than one course of antibiotics or more than
one course of oral corticosteroids during the study.

Our primary outcome was a change in oral and
sputum microbiota biomass during the study period as
assessed by 16S rRNA copy numbers. Oral rinse samples
were available for 40 participants (20 per group). There
was a decrease in biomass in both groups; the mean+SD
changes were -0.24x1.0 and -0.14+0.32 in the chlor-
hexidine and placebo groups, respectively (online
supplemental table S1). The mean difference between
treatment groups (active-placebo) was not significant
(mean diff (SE)=-0.103 (0.23), 95% CI -0.59 to 0.38,
p=0.665). Very similar results were seen in the subgroup
that did not use antibiotics during the study (N=32,

Pragman AA, et al. BMJ Open 2021;11:050271. doi:10.1136/bmjopen-2021-050271

3


https://dx.doi.org/10.1136/bmjopen-2021-050271
https://dx.doi.org/10.1136/bmjopen-2021-050271

Open access

I

Table 1 Baseline characteristics by treatment group
Chlorhexidine Placebo All participants
Mean+SD or N (%) Mean+SD or N (%) Mean=SD or N (%)
Number of randomised participants 24 20 44
Gender (% female) 2 (8.3) 1(5.0) 3(6.8)
Age (years) 67.6+7.2 68.3+6.0 67.9+6.6
Race non-white 14.2) 1(5.0) 2(4.5)
Season*
Spring 3(15.0) 6 (30.0) 9 (22.5)
Summer 7 (35.0) 4 (20.0) 11 (27.5)
Fall 7 (35.0) 6 (30.0) 13 (32.5)
Winter 3 (15.0) 4 (20.0) 7(17.5)
Years smoked 40.8+10.4 43.6+10.3 42.0+10.4
Current smoker 6 (25.0) 7 (35.0) 18 (29.5)
Pack years 58.7+32.9 57.6+39.8 58.2+35.8
SGRQ 49.2+17.2 41.8+12.3 45.8+15.5
FEV, % predicted 39.9+12.6 43.8+11.1 41.7+12.0
FVC % predicted 66.2+14.8 71.4+12.9 68.5+14.1
COPD exacerbations (past 12 months) 2.3+1.5 1.8+1.0 21+£1.3
COPD hospitalisations (past 12 months) 0.5+0.7 0.7+0.7 0.6+0.7

*Assigned to the season that covered >50% of the study period for a given participant.
COPD, chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; SGRQ, St. George’s

Respiratory Questionnaire.

mean diff (SE)=-0.07 (0.29), 95% CI -0.65 to 0.51,
p=0.808) (table 3).

For the analysis of biomass in sputum samples, five
chlorhexidine and four placebo participants were unable
to provide sputum samples; two were unable at base-
line, six were unable at week 8 (including the four with-
drawals) and one was unable at both baseline and week

Table 2 Exacerbations, antibiotic use or systemic steroid
use during the study, excluding those withdrawn prior to
study completion

Chlorhexidine Placebo
N (%) N (%)
Randomised participants 20 20
assessed (n)
COPD exacerbation* 3(15.0) 5(25.0)
Systemic steroid uset 1(5.0) 5 (25.0)
Antibiotic uset 3(15.0) 5 (25.0)

*Self-reported COPD exacerbation (worsening of chronic
respiratory symptoms) during the study. One placebo subject
reported an exacerbation but deferred any therapy until after study
completion.

TSelf-reported use of systemic corticosteroids during the study for
any indication.

FSelf-reported use of systemic antibiotics during the study for

any indication. One placebo subject took antibiotics for a non-
respiratory reason.

COPD, chronic obstructive pulmonary disease.

8. Among the 35 sputum samples, there were 11 missing
sputum weight values (6 at baseline, 5 at week 8) among 4
placebo and 4 chlorhexidine participants. Table 3 shows
the primary analysis results using a two-sample t-test
with the normalised data available (N=27) and using a
multiple imputation procedure to estimate the missing
sputum weights (N=35). The two analysis methods
provide similar results. Although we hypothesised that
the estimate would be negative, indicating that the active
group saw a larger decrease in biomass from baseline
to week 8 than the placebo group, without imputation
we see a non-significant effect in the opposite direction
(mean log,, difference (SE)=0.80 (0.46), 95% CI -0.15
to 1.75, p=0.096) and similarly with imputation (mean
log,, difference (SE)=0.70 (0.39), 95% CI -0.08 to 1.47,
p=0.078). These results were supported by the subgroup
analyses of those without antibiotic use during the study.
Although the p value for the imputation analysis is signif-
icant (p=0.036) and the effect is not in the hypothesised
direction, this result should be interpreted with caution
due to the large number of tests reviewed here.

Linear regression was used to examine the 8week
change in each biodiversity index (Shannon and Simpson
Indices) as a function of treatment group and adjusted
for the value of the index at baseline (table 4). As hypoth-
esised, those in the chlorhexidine group saw, on average,
a significant decrease in the diversity indices in compar-
ison to those in the placebo group. For the oral wash
samples, those in the treatment group had a coefficient
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Table 3 Biomass analysis results—two-sample t-test on the log,, change

Two sample t-test on log,, change N N N Mean difference
(CHL-PLA) TOT CHL PLA (SE)* 95% CI T value P value
All participants with available data
Oral wash samples 40 20 20 —0.103 (0.23) -0.591t00.38 -0.44 0.665
Sputum samples
No imputation 27 15 12 0.80 (0.46) -0.15t01.75 1.73 0.096
Imputationt 85 19 16 0.70 (0.39) -0.08to1.47 1.76 0.078
Excluding antibiotic use during study
Oral wash samples 32 17 15 —-0.07 (0.29) -0.65t00.51 -0.25 0.808
Sputum samples
No imputation 23 14 9 1.06 (0.53) -0.05t02.17 1.99 0.060
Imputationt 28 16 12 0.98 (0.47) 0.06t0 1.89  2.09 0.036

*Chlorhexidine group change in biomass minus placebo group.

TImputation refers to the use of multiple imputation techniques to impute the 11 missing sputum weights.

CHL, chlorhexidine; PLA, placebo; TOT, total.

of —0.349 (SE=0.091, adj. p=0.001) for the Shannon
diversity index and -0.030 (SE=0.008, adj. p=0.001) for
the Simpson diversity index. The results were similar
for sputum samples: -0.622 (SE=0.169, adj. p=0.001) for
the Shannon diversity index and -0.091 (SE=0.034, adj.
p=0.0123) for the Simpson diversity index. Very similar
results for both oral wash and sputum alpha diversity
were seen in the subgroup that did not use antibiotics
during the study, indicating that the decrease in diversity
with chlorhexidine use was not related to antibiotic use
(online supplemental table S2).

For the additional secondary outcomes, the effect of
treatment group on the 8week change was examined
using linear regression, adjusted for the measure at base-
line (table 5 and online supplemental table S3). There was
no significant difference between treatment groups over
the 8-week study period in BCSS score (mean change in

the chlorhexidine and placebo groups, respectively +SD:
—-0.3+1.9 vs -0.1+1.5, estimate (95% CI) -0.28 (-1.45 to
0.89), p=0.630), CRP (1.8+7.5 vs 0.4+6.8, 1.54 (-2.72
to 5.80), p=0.467), fibrinogen (22.5+77.8 vs 10.0+77.0,
20.19 (-28.52 to 68.91), p=0.406) or leucocytes (0.2+1.8
vs 0.5+1.8, -0.32 (-1.42 to 0.78), p=0.560). Participants
in the chlorhexidine group showed a significantly larger
decrease in SGRQ total score when compared with the
placebo group (mean change +SD: —4.7+8.0 vs 1.7£8.9,
-6.22 (-11.87 to -0.57), p=0.032). This difference was not
evidenced in any one SGRQ domain.

In exploratory analyses, we evaluated the taxonomic
composition of samples to assess for chlorhexidine-
associated changes in the microbiota. Among sputum
samples there were 42 genera. The results of the linear
regression analyses showed that only Corynebacterium
sequences were less abundant after chlorhexidine use

Table 4 Linear regression results of the effect of treatment group on the change in biodiversity

Linear regression

Adjusted P
Outcome Predictor Estimate (SE) Unadjusted P value value*
Shannon diversity index change (week 8 —baseline)
Oral wash (N=40) Treatment groupt —-0.349 (0.091) 0.0005 0.0010
Baseline index -0.197 (0.073) 0.0100
Sputum (N=35) Treatment group -0.622 (0.169) 0.0008 0.0010
Baseline index -0.312 (0.111) 0.0083
Simpson diversity index change (week 8 —baseline)
Oral wash (N=40) Treatment group —0.030 (0.008) 0.0005 0.0010
Baseline index -0.196 (0.114) 0.0938
Sputum (N=35) Treatment group -0.091 (0.034) 0.0123 0.0123
Baseline index -0.109 (0.179) 0.5472

*A step-down Bonferroni p value adjustment is made for the two comparisons (oral wash and sputum) within each diversity index.

TTreatment group is coded as chlorhexidine=1, placebo=0.
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Table 5 Linear regression analysis of the effect of treatment group on secondary outcomes

Chlorhexidine Placebo
(N=20) (N=20) Treatment groupt
Outcome: 8-week change* N Mean+SD N Mean+=SD Estimate (95% CI) P valuet
BCSS 19 -0.3+1.9 18 -0.1£1.5 -0.28 (-1.45 to 0.89) 0.630
SGRQ total score 20 -4.7+8.0 20 1.7£8.9 -6.22 (-11.87 t0 0.57) 0.032
Activity domain 20 —0.5+9.1 20 3.9+12.9 —-3.84 (-10.92 to 3.24) 0.279
Impacts domain 20 -5.4+£12.6 20 0.7+10.0 -5.46 (-12.92 to 1.99) 0.146
Symptoms domain 20 -10.1+15.2 20 0.8+18.8 —-6.81 (-17.82 to 4.19) 0.217

*Each model is adjusted for the baseline value of each outcome.
TTreatment group is coded as chlorhexidine=1, placebo=0.
FThe p-value is for the comparison of chlorhexidine versus placebo.

BCSS, Breathlessness, Cough and Sputum Scale; SGRQ, St. George’s Respiratory Questionnaire.

compared with placebo (mean change in the chlorhex-
idine and placebo groups, respectively +SD: —197+342 vs
124337, estimate (95% CI) —282 (438 to —-126), adjusted
p=0.0378). Among oral wash samples there were 43
genera. Only Lachnoanaerobaculum sequences were less
abundant after chlorhexidine use compared with placebo
(mean change in the chlorhexidine and placebo groups,
respectively +SD: -313+483 vs 216+509, estimate (95%
CI) -521 (-815 to —226), adjusted p=0.043). Follow-up
analyses relying on the presence or absence of sequences
(rather than relative abundance) produced similar
results.

Very few adverse events were experienced over the
course of the study (online supplemental table S4).

DISCUSSION

In this preliminary study, twice-daily chlorhexidine oral
rinses decreased oral and sputum microbiota alpha diver-
sity and improved pulmonary disease-related quality of
life compared with placebo among those with symptom-
atic COPD. Chlorhexidine oral rinses did not appear to
decrease the oral or sputum microbiota biomass, our
primary outcome, compared with placebo as assessed
by normalised 16S rRNA quantitative PCR. Further-
more, during the 8-week treatment period chlorhexi-
dine did not appear to decrease systemic inflammation
or COPD symptoms, as assessed by the BCSS, compared
with placebo. Our preliminary study had limited statis-
tical power to detect several of our secondary endpoints;
therefore, our results cannot definitively exclude a rela-
tionship between chlorhexidine use and systemic inflam-
mation or symptoms.

We chose a change in biomass as our primary endpoint
as we hypothesised that twice daily chlorhexidine would
have its largest effect on microbiota biomass. However,
we did not detect a significant decrease in biomass as
a result of chlorhexidine use using quantitative PCR.
Chlorhexidine is known to be bactericidal and previous
work has identified a decrease in viable bacteria
following chlorhexidine oral use compared with water.'?

Our total DNA extraction technique coupled with PCR-
based biomass determination is unable to distinguish
between live and dead bacteria. It is therefore possible
that chlorhexidine decreased the number of live bacteria
in the oral and sputum microbiota, and that our PCR-
based biomass determination technique was unable to
distinguish between live bacterial biomass and dead
bacteria. Furthermore, both groups experienced some
decrease in biomass during the study period. Changes
in dental care habits, including twice-daily oral rinsing
with either study drug or placebo, may be responsible
for this decrease.

Although total microbiota biomass did not appear
to change, oral and sputum microbiota alpha diversity
decreased as a result of chlorhexidine use. The healthy
lung and oral microbiota generally demonstrate greater
alpha diversity than the microbiota found in disease states
such as COPD or cystic fibrosis.” Whether this associa-
tion is due to frequent use of antibiotics among those
with chronic lung disease or due to the chronic lung
disease itself remains unknown. Loss of alpha diversity
due to chlorhexidine use may seem paradoxical given our
current understanding of the relationship between low
alpha diversity and worsening lung symptoms, however,
the current disease model does not differentiate between
alpha diversity per se and the mechanisms by which it may
be manipulated. Loss of alpha diversity due to chlorhex-
idine use, antibiotic use or chronic lung inflammation
likely represent clinically distinct entities.

Use of chlorhexidine oral rinses versus placebo did not
result in decreased systemic inflammation as evidenced
by CRP, fibrinogen and WBC values. These three systemic
markers of inflammation are often elevated among those
with symptomatic COPD.* In light of our other find-
ings linking chlorhexidine use to microbiota alterations
and improved respiratory-related quality of life, we had
expected that chlorhexidine use would lead to decreased
systemic inflammation. It is possible that chlorhexidine
use improved local inflammation (in the lungs or mouth)
without resulting in systemic inflammatory changes.
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Sustained use over a longer time period may be needed
in order to observe systemic anti-inflammatory effects.

Although chlorhexidine use did not result in significant
changes to BCSS scores, respiratory health-related quality
of life did improve with use of chlorhexidine oral rinses
versus placebo during the 8-week intervention. SGRQ
scores improved significantly among the chlorhexidine
group relative to the placebo group, with a mean improve-
ment (4.7 points) that is clinically meaningful (minimum
clinically important difference of 4 points). The SGRQ
encompasses three subscores for activity, impacts and
symptoms.'® No subscore reached statistical significance,
indicating that chlorhexidine use improved quality of life
broadly, and was not due to isolated improvements in one
or two SGRQ subdomains. Our data support the further
study of chlorhexidine oral rinses among symptomatic
patients with COPD to improve respiratory health-related
quality of life.

In an exploratory analysis of the effects of chlorhex-
idine use on the sputum and oral microbiota, the only
genus-level changes in DNA abundance were a decrease
in Corynebacterium in sputum and a decrease in Lachno-
anaerobaculum in oral rinses. Chlorhexidine is known
to broadly decrease the viability of bacteria and yeast."?
Our microbiota analysis techniques, which cannot differ-
entiate between DNA from ‘live’ or ‘dead’ organisms,
therefore may be relatively insensitive to the effects of
chlorhexidine. We were unable to detect overall changes
in bacterial biomass or broad changes to individual
genera among those using chlorhexidine compared
with placebo. It is possible that broader assessments of
the community composition, such as alpha diversity, are
better able to detect chlorhexidine-related changes.

Our preliminary study had several strengths and
limitations. Its strengths include a study intervention
that is simple, inexpensive, and has few side effects; the
randomised and blinded nature of the study; and objec-
tive assessment of outcomes. Our study was limited by
its relatively small sample size and use of a secondary
endpoint to determine statistical power, our homoge-
neous patient population and our single-centre design. In
addition, other limitations include our inability to distin-
guish between live and dead bacteria in our samples,
incomplete sample weights, lack of assessment of local
inflammation, and limited in-person follow-up while on
study drug. Future larger clinical trials will determine
if the beneficial effects of chlorhexidine oral rinses can
be sustained among COPD subjects, and the biological
mechanisms for these improvements in quality of life.

Although we did not find a difference in daily respi-
ratory symptoms as measured with the BCSS, we found
a significant improvement in quality of life as measured
by the SGRQ. This potential discrepancy likely arose
because BCSS focuses solely on respiratory symptoms,'®
while the SGRQ also assesses the broader impacts of
COPD symptoms on quality of life."® There was no
single domain within the SGRQ that drove this result,
but there was improvement in both the impacts and

symptoms domains. We propose that oral chlorhexidine
rinses improve respiratory health-related quality of life by
decreasing the number of live oral bacteria, altering the
content of the live oral microbiota, or both. Changes to
the oral microbiota may decrease the lung inflammation
that occurs following aspiration or change the composi-
tion of the lung microbiota itself and lead to an improved
sense of wellness.

An additional clinical trial is needed to confirm our
clinical endpoint findings with a larger group of partic-
ipants and evaluate the mechanistic links between chlor-
hexidine, viable bacterial biomass, the microbiota and
respiratory health-related qualify of life in symptomatic
patients with COPD.

Our data indicate that the use of twice-daily chlorhexi-
dine oral rinses among symptomatic patients with COPD
improves quality of life. This was a secondary outcome in
our study and warrants validation in a larger clinical trial.
Our intervention is relatively easy to implement, inexpen-
sive and well-tolerated.
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