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Brave  New  (Microbial)  World:  implications  for nasal
and sinus  disorders�
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Emergence of microbiome - a new role for
bacteria

Increased  appreciation  of  the  role  of  the  microbiome  in
human  health  and  disease  is  contributing  to  a  revolution
in  our  understanding  of  chronic  diseases  and  has  important
implications  for  physicians.

While  traditional  physician  training  concentrates
on  management  of  acute  infection  and  its  attendant
complications,  the  important  role  of  bacteria  and  pathogens
in  chronic  disease  is  increasingly  appreciated,  often  in  unex-
pected  fashion.  Over  the  past  decade  there  has  been  an
increased  understanding  of  the  importance  of  the  bacterial
communities  present  on  all  body  surfaces  and  cavities.1

These  bacterial  communities,  consisting  of  trillions  of
individual  bacteria  form  different  species,  form  bacterial
communities  of  interacting  bacterial  species  which  we  term
the  microbiome.  Fuelled  by  the  revolution  in  sequencing
technology,  researchers  now  use  specific  DNA  signatures
to  identify  bacterial  organisms  without  having  to  culture
them  in  the  laboratory  using  conventional  methods.  These
‘‘culture  independent’’  techniques  allow  identification
of  bacteria  which  grow  poorly  in  culture  conditions  and
have  opened  up  a  new  treasure  trove  of  knowledge  on
how  bacteria  contribute  to  development  and  persistent  of
chronic  diseases.

It is  now  understood  that  every  surface  and  cavity  of
the  body  contains  its  own  specific  microbiome,  Early  work
began  in  the  gut,  with  the  realisation  that  altered  bacteria
balance  in  the  microbiome  (microbiome  ‘‘dysbiosis’’)  con-
tributes  to  persistence  of  disease.  Surprisingly,  this  has  been
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ot  so  much  about  forming  an  abundance  of  pathogens  and
ttendant  toxins,  but  more  a  lack  (loss)  of  healthy  bacteria
equired  for  the  maintenance  of  health.

Our  understanding  of  how  bacteria  paradoxically  con-
ribute  to  health  maintenance  is  growing  exponentially.
‘Healthy’’  bacteria  are  associated  with  regulation  of
mmune  responses,  defense  against  pathogenetic  bacteria,
nd  epithelial  regeneration  or  repair  of  epithelial  surfaces.2

roof  of  the  importance  of  these  ‘healthy’  flora  is  offered  by
he  finding  that  mice  raised  in  a  sterile  environment  show
pontaneous  inflammation  of  the  gut.  In  addition  to  local
ffects,  these  bacteria  may  also  secrete  small  molecules
hich  travel  via  the  blood  stream  to  influence  distant  organs

uch  as  the  brain.  This  has  led  to  the  appreciation  that
icrobiome-  mediated  effects  may  be  occurring  locally,

uch  as  in  the  colon  and  inflammatory  changes  therein,
ut  may  also  be  inciting  effects  at  as  distance,  such  as
n  the  brain.  This  has  helped  understand  how  changes
n  the  microbiome  in  the  gut  may  contribute  to  obesity,
etabolic  syndrome,  Parkinson’s,  and  autism,  to  name  only

 few.  Intriguingly,  effects  on  medical  therapy  are  also
eing  suggested,  with  microbiome-induced  modifications  in
rug  metabolism  altering  responses  to  therapeutic  agents  in
arkinson’s  disease  and  immune  checkpoint  inhibitor  ther-
py  for  cancer  also  being  suspected.3

In  ENT,  the  role  of  the  microbiome  in  maintenance  of
ealth  is  only  beginning  to  be  appreciated.4,5 It  has  been
nderstood  for  over  a decade  that  bacteria  play  a  role
n  the  persistence  of  chronic  disease,  with  Staphylococcus
ureus  implicated  via  roles  in  biofilm  formation,  develop-
ent  of  inflammation  via  superantigen  production,  and  most

ecently,  impairment  of  epithelial  repair  and  regeneration.
owever,  it  is  only  recently  revealed  that  chronic  nasal

nd  sinus  ailments  such  as  chronic  sinusitis  and  nasal  aller-
ies  are  characterised  by  not  only  the  presence  of  selected
athogens  but  also  by  a  lack  of  healthy  bacteria.  In  addition,

 Cérvico-Facial. Published by Elsevier Editora Ltda. This is an open
enses/by/4.0/).

https://doi.org/10.1016/j.bjorl.2019.09.001
http://www.bjorl.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjorl.2019.09.001&domain=pdf
https://doi.org/10.1016/j.bjorl.2019.09.001
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


6

i
r
L
s
a
t
f
f
t
o
t

T

T
i
h
H
s
a
t

a
f
g
o
c
o
p
c
m
F
w

f
o
H
d
c
e
c
S

i
a
b
c
e
a
f
c
d
t
w
e

o
w
g
m
a

r
u

P

T
d
d
a
f
p
o
p
r
t
p

m
f
d
I
o
p
H

e
s
r
f
t
s
C
t
s

n
t
a
d
p
C
s
t
a
i
e
g
m
t
c

t
e
s
l
o
u

76  

t  is  also  suggested  that  lack  of  acquisition  of  healthy  bacte-
ia  in  early  life  may  predispose  to  development  of  allergies.
ack  of  exposure  to  maternal  bacteria  during  Caesarian-
ection  as  opposed  to  vaginal  delivery  increases  the  risk  of
llergy  in  offspring.6 Further  support  for  this  is  the  finding
hat  the  lesser  incidence  of  allergies  in  children  raised  in
arming  environments  is  accompanied  by  a  strikingly  dif-
erent  microbiome  to  allergic,  urban-dwelling  children.7 In
hese  instances,  this  is  suspected  to  be  a  more  direct  effect
f  bacteria  directly  in  the  nasal  passages  and  sinuses,  rather
han  distant  effects  from  gut  bacteria.

herapeutic manipulation of the microbiome

aken  together,  these  findings  suggest  the  possibility  of
mproving  health  via  restoration  or  supplementation  of
ealthy  bacteria  rather  than  focussing  on  pathogenic  ones.
owever,  for  the  moment,  technologies  for  modulating  or
upplementing  the  microbiome  remain  a  work  in  progress
nd  the  practitioner  may  have  difficulty  selecting  between
hem.

The  first  example  of  microbiome  supplementation  ther-
py  remains  the  ‘‘stool  transplant’’.  ‘‘Yellow  soup’’  made
rom  feces  collected  from  a  healthy  donor  were  sug-
ested  as  treatment  of  diarrhea  as  far  back  as  the  time
f  Hippocrates.8 Over  the  past  decade,  this  has  been  used
linically  for  episodes  of  Clostridium  difficile  colitis,  with
ften  life-saving  effects.  However,  in  addition  to  obvious
sychological  obstacles,  lack  of  a  standardised  method  or
ommercially  available  formulation  pose  the  risk  of  trans-
itting  infections  from  donor  to  recipient.  This  has  led  the

DA  in  the  USA  to  restrict  stool  transplants  only  to  patients
ith  C  Difficile  diarrhea.9,10

Given  the  difficulties  with  directly  transferring  bacteria
rom  patient  to  patient,  efforts  have  mostly  concentrated
n  the  use  of  Probiotics.  Probiotics  are  defined  by  the  World
ealth  Organisation  as  ‘live  micro-organisms’  that  confer
igestive  and  immune  health  benefits  to  the  in  taker  when
onsumed  in  adequate  amounts.’’  These  bacteria  have  gen-
rally  been  used  in  food  or  cheese  production  for  over  a
entury,  and  usually  benefit  from  ‘Generally  Accepted  as
afe’  status  given  their  long  history  of  safe  use  in  industry.

Probiotics  exert  their  beneficial  effects  by  modulating
nflammation,  secreting  small  molecules  which  may  act  at

 distance,  and  by  restricting  the  growth  of  pathogenic
acteria  via  both  direct  bacterial  inhibition  and  also  via
ompetition  for  scarce  nutriments.  Certain  strains  have  ben-
ficial  effects  upon  epithelial  regeneration  and  repair.11 Not
ll  bacteria  possess  probiotic  properties:  changing  even  a
ew  amino  acid  sequences  in  their  DNA  may  alter  them
onsiderably.  It  is  thus  important  to  use  isolates  with
ocumented  probiotic  properties  and  explains  why  manufac-
urers  frequently  identify  their  strain  of  bacteria  specifically
ith  letters  or  a  code:  all  bacteria  are  not  created
qual.

Physicians  may  also  hear  the  terms  prebiotic  or  postbi-
tic.  These  refer  either  to  substances  such  as  dietary  fiber,

hich  when  ingested  encourage  the  growth  of  ‘healthy’
ut  bacteria  (pre-biotic)  or  else  the  health-conferring  small
olecules  secreted  by  ‘healthy’  bacteria  (post-biotic).  This

rea  remains  in  the  early  stages  of  development  and  it
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emains  difficult  to  make  firm  recommendations  for  their
se.

robiotics for the sinus?

he  nasal  passages  and  sinus  cavities  are  good  potential  can-
idates  for  probiotic  therapy.12,13 Multiple  authors  have  now
ocumented  microbiome  dysbiosis  in  chronic  rhinosinusitis
nd  nasal  allergy,  leading  several  authors  to  suggest  a  role
or  microbiome  manipulation  in  these  disorders.  While  pro-
onents  of  the  ‘SNOT’  transplant  suggest  that  direct  transfer
f  material  from  healthy  to  diseased  individuals  may  be
ossible,14 as  in  the  stool  transplant,  practical  limitations
egarding  risk  of  transmission  of  infection  remain  a  limit  to
his  approach.  For  the  moment,  attention  has  focussed  on
robiotics.

As  orally  administered  probiotics  for  allergy  and  CRS  have
et  with  limited  success  at  best,15 attention  has  mostly

ocussed  on  topical  intranasal  application  of  probiotics
irectly  to  the  nasal  passages  via  nasal  spray  or  irrigation.
n  mice  experiments,  Lynch  et  al  reported  that  application
f  Lactobacillus  sakei  prevented  overgrowth  of  the  pur-
orted  pathogen  Corynebacterium  Tuberculostereaticum.16

owever,  these  studies  have  not  progressed  to  human  trials.
The  safety  of  this  approach  is  supported  by  previous

xperiments.  Mårtensson  (2016)17 initially  applied  a  nasal
pray  containing  40  Million  (106)  CFU  (colony  forming  units,
epresenting  number  of  bacteria)  lactic  acid  bacilli  isolated
rom  the  honeybee  to  healthy  volunteers  and  demonstrated
he  absence  of  ill  effects  with  therapy.  In  a  follow  up
tudy,  they  applied  the  same  dosage  to  patients  with
RS  without  nasal  polyps.18 While  there  was  no  beneficial
herapeutic  effect  noted,  again  no  adverse  effects  were
een.

A  beneficial  effect  of  probiotics  for  nasal  disease  is
evertheless  suggested  by  a  clinical  trial  of  probiotic  Lac-
ococcus  lactis  W136  in  patients  with  chronic  sinusitis  with
nd  without  nasal  polyposis  unresponsive  to  treatment
espite  previous  sinus  surgery.19 In  this  trial,  which  was
erformed  by  our  group,  24  patients  received  1.2  billion
FU  of  L  lactis  W136  self-applied  directly  to  the  nasal  and
inus  passages  via  nasal  and  sinus  irrigation.  Treatment  was
wice-daily  for  fourteen  days.  Therapy  was  well  tolerated
nd  led  to  improvements  in  symptoms,  measures  of  qual-
ty  of  life,  and  improvement  in  endoscopic  scores.  Gene
xpression  profiling  to  identify  implicated  mechanisms  sug-
ested  enhanced  epithelial  repair  and  regeneration,  and
odulation  of  inflammation.  Microbiome  profiling  using  16  s

echnology  showed  reduction  in  the  pathogens  Staphylococ-
us  Aureus, Peptostreptococcus, and  Enterobacteriacae.

Explanation  of  the  difference  in  results  between  the  two
rials  may  be  explained  by  differences  in  bacteria  used  and
xperimental  design.  While  L  lactis  W136  is  a  cocci,  or
pherical-shaped  bacteria,  the  Mårtensson  trial  used  a  bacil-
us,  or  rod-shaped  bacteria  that  differs  from  the  normal  flora
f  the  nose,  which  are  mainly  cocci.  In  addition,  the  dosage
sed  was  30x  less  than  that  used  for  the  L  lactis  W136  trial,

nd  administered  via  a nasal  spray,  which  has  less  intranasal
enetration  and  deposition  than  does  the  nasal  irrigation
se  in  the  L  lactis  W136  trial.  It  is  thus  possible  that  these
actors  limited  success  of  the  Mårtensson  trial.
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Microbiome therapy for the nose and sinuses:
current and future perspectives

For  the  moment,  direct  applications  of  the  implications  of
the  nasal  and  sinus  microbiome  remain  limited.  Oral  pro-
biotics  do  not  demonstrate  great  efficiency  and  the  ‘snot
transplant’  remains  plagued  by  the  same  safety  concerns
as  the  stool  transplant.  The  best  option  for  the  moment
remains  topical  application  of  probiotic.  Only  one  specifi-
cally  formulated  intranasal  therapy  is  currently  available,
unfortunately  only  in  North  America.  Based  on  probiotic
Lactococcus  lactis  W136, ProbiorinseTM Probiotic  Nasal  and
Sinus  Rinse  is  Health  Canada  approved  as  a  natural  prod-
uct  for  relief  of  chronic  sinusitis,  nasal  polyposis,  nasal
obstruction  and  nasal  allergies,  and  has  been  on  sale  in  the
USA  and  Canada  for  fifteen  months  (www.probiorinse.com,
www.probiorinse.ca).  Post-marketing  experience  has  shown
favorable  consumer  acceptance  and  an  absence  of  notable
adverse  effects.

The  future  of  microbiome  therapy  is  difficult  to  predict
as  numerous  means  of  manipulating  the  microbiome  are
being  suggested,  including  a  potential  use  in  prevention  and
treatment  of  the  common  cold.  However,  these  will  require
confirmation  of  efficacy  with  clinical  trials.  A  look  into  the
crystal  ball  nevertheless  suggests  that  continuous  advances
in  sequencing  technology  will  allow  inexpensive  analysis
of  individual  patient  microbiomes  and  genetic  makeup,
opening  the  future  to  ‘personalised’  therapeutic  recommen-
dations  for  enhanced  results.
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