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Lower Airway Inflammation
in Nonasthmatic Allergic Rhinitis Patients

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Al ler gic rhi ni tis and ast hma ha ve be en con si de red as a sing le air way di se a se sha ring
a com mon pat hoph ysi o lo gi cal mec ha nism of air way inf lam ma ti on. We ai med to in ves ti ga te the lo wer air-
way inf lam ma ti on in al ler gic rhi ni tis pa ti ents without ast hma. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Forty pa ti ents who re-
fer red to our ter ti ary ca re hos pi tal’s otor hi no lary ngo logy cli nic and di ag no sed as mo de ra te/se ve re per sis tent
al ler gic rhi ni tis ac cor ding to ARI A cri te ri a we re inc lu ded in the study. Af ter eva lu a ti on for the eli gi bi lity for
the study, a na sal sme ar was ta ken, and rhi no ma no metry was per for med to me a su re the na sal obs truc ti on on
vi sit 1. Twenty-fo ur ho urs la ter from the vi sit 1, pul mo nary func ti ons inc lu ding bronc hi al hype rac ti vity
(BHR) we re me a su red on vi sit 2. Twenty-fo ur ho urs la ter from the vi sit 2, spu tum in duc ti on was per for med,
and cell dis tri bu ti on of the spu tums was eva lu a ted. RRee  ssuullttss::  Me an age of the 17 ma le and 23 fe ma le pa ti ents
was 37 ± 11. Na sal sme ar eo si nop hi li a was studied in 36 of the pa ti ents and fo und positive in 36%. Na sal ob-
s truc ti on was de mons tra ted in 68% of the pa ti ents by rhi no ma no metry. BHR was po si ti ve in 30% of the par-
ti ci pants. The re was not any sta tis ti cal sig ni fi cant re la ti ons hip bet we en na sal eo si nop hi li a and na sal
obs truc ti on se ve rity, BHR and in du ced spu tum eo si nop hi li a (p> 0.05). Among the in du ced spu tums which
we re of go od qu a lity to be eva lu a ted, 7.5% had an eo si nop hil ra ti o of 2%. Any re la ti ons hip bet we en in du -
ced spu tum eo si nop hil per cen ta ges and FEV1, FEV1/FVC, na sal obs truc ti on se ve rity was not ob ser ved (p>
0.05). Ho we ver, BHR was fo und to be sig ni fi cantly re la ted with FEV1/FVC ra ti o which was >70% thro ugh
the who le study po pu la ti on (r= 0.392 p= 0.012). CCoonncc  lluu  ssii  oonn::  We co uld not de mons tra te the ex pec ted re la ti -
ons hip bet we en na sal and lo wer air way inf lam ma ti on mar kers in our study gro up of al ler gic rhi ni tis pa ti ents.
This may be du e to the small num ber of study po pu la ti on and strict exc lu si on of ast hma tic pa ti ents as well
as par ti cu larly the dif fi cul ti es in stan dar di za ti on of the in du ced spu tum tech ni qu e. 

KKeeyy  WWoorrddss::  Rhi ni tis, al ler gic, pe ren ni al; spu tum; inf lam ma ti on me di a tors 

ÖÖZZEETT  AAmmaaçç::  Al ler jik ri nit ve as tım, ha va yol la rı nın inf la mas yo nu ile ka rak te ri ze ve or tak bir pa to fiz yo lo jik
me ka niz ma yı pay la şan ha va yo lu has ta lık la rı ola rak ka bul edil mek te dir. Ça lış ma mız da, da ha ön ce as tım ta -
nı sı al ma mış olan aler jik ri nit li has ta lar da alt so lu num yo lu inf la mas yo nu nu araş tır ma yı amaç la dık. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr::  Üçün cü ba sa mak bir sağ lık ku ru mu olan has ta ne mi zin ku lak bu run bo ğaz kli ni ği ne baş vu ran ve
ARI A kri ter le ri ne gö re or ta/ağır per sis tan aler jik ri nit ta nı sı olan kırk has ta ça lış ma ya alın dı. Ça lış ma için uy -
gun lu ğu ba kı mın dan göz den ge çi ril dik ten son ra, na zal sme ar alın dı ve ilk vi zitt te na sal obs trük si yo nu ölç -
mek için ri no ma no met ri ya pıl dı. İlk vi zit ten yir mi dört sa at son ra ki ikin ci vi zit te bron şi yal hi pe rak ti vi te
(BHR) da hil ol mak üze re ak ci ğer fonk si yon la rı öl çül dü. İkin ci vi zit ten yir mi dört sa at son ra, bal gam in dük -
si yo nu ya pıl dı ve bal gam da hüc re da ğı lı mı araş tı rıl dı. BBuull  gguu  llaarr::  On yedi er kek ve 23 ka dın has ta nın yaş or -
ta la ma sı 37 ± 11 idi. Otuz altı has ta da na zal sme ar de eo zi no fi li de ğer len di ri le bil di ve %36’sın da po zi tif
bu lun du. Ri no ma no met ri de na zal obs trük si yon has ta la rın %68'in de gös te ril di. Ka tı lım cı la rın %30’un da BHR
po zi tif bu lun du. Na zal eo zi no fi li ile na zal obs trük si yo nun şid de ti ve ay rı ca BHR ile in dük te bal gam da eo zi -
no fi li ara sın da is ta tis tik sel ola rak an lam lı bir iliş ki yok tu (p> 0.05). De ğer len dir me açı sın dan iyi ka li te de olan
in dük te bal gam ör nek le ri nin %7.5’in de %2’lik eo zi no fil ora nı var dı. İndük te bal gam ör nek le rin de ki eo zi no -
fil yüz de le ri ve FEV1, FEV1/FVC ve na zal obs trük si yon şid de ti ara sın da her han gi bir iliş ki gö rül me di (p>
0.05). An cak, BHR tüm ça lış ma gru bun da % 70’in üze rin de olan FEV1/FVC ora nı ile ile an lam lı şekil de iliş -
ki li idi (r= 0.392 p= 0.012). SSoo  nnuuçç::  Al ler jik ri nit li has ta lar dan olu şan ça lış ma gru bu muz da na zal ve alt so lu -
num yo lu inf la mas yon be lir teç le ri ara sın da bek le nen iliş ki nin gös te ril me si müm kün ola ma mış tır. Bu da,
ça lış ma gru bu muz da ki has ta sa yı sı nın az lı ğı ya nın da as tım lı olan has ta la rın ka tı şekil de ça lış ma dı şı bı ra kıl -
ma sı ve de özel lik le in dük te bal gam tek ni ği nin stan dar di zas yo nun da ki zor luk lar dan kay nak la na bi lir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ri nit, aller jik, yıl  bo yu; bal gam; inf la mas yon me di a tör le ri  
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l ler gic rhi ni tis (AR) is a di sor der of the no -
se re sul ting from IgE-me di a ted inf lam ma -
ti on in du ced by the na sal mu co sal al ler gen

ex po su re. Thre e ma jor symptoms of AR are mu co -
us disc har ge, sne e zing, and na sal obs truc ti on.1 AR
and ast hma are usu ally co mor bid di se a ses and AR
is a ma jor risk fac tor for ast hma.2 The inf lu en ce of
AR on lo wer air ways has be en in ves ti ga ted wi dely.
Ins pi ra ti on of un fil te red and un con di ti o ned air, na-
sob ronc hi al ne u ral in te rac ti ons and di rect ir ri ta ti -
on of na sal sec re ti ons on lo wer air ways ha ve be en
sug ges ted as pos sib le mec ha nisms for na sal and
bronc hi al in te rac ti on. Ho we ver, it se ems that the
im pa i red na sal func ti ons ha ve a litt le ef fect on lo -
wer air ways.3-6 The most im por tant link bet we en
the lung and the no se is syste mic inf lam ma ti on
upon me di a tors and inf lam ma tory cells of bo ne
mar row, and both up per and lo wer air ways are af-
fec ted by res pi ra tory inf lam ma ti on bi di rec ti o -
nally.7,8 The pat terns of inf lam ma ti on are very
li kely to be si mi lar in AR and ast hma.7 An inf lam -
ma tory in fil tra ti on of eo si nop hils, mast cells, T
lymphocy tes and si mi lar T-hel per (Th) lymphocy -
te cyto ki nes inc lu ding in ter le u kin-5 (IL-5) are pre -
sent in both AR and ast hma.1

Air way inf lam ma ti on is con si de red as the ma -
jor ca u se of ast hma as well as ot her air way di se a ses,9

ho we ver tra di ti o nally the di ag no sis and ma na ge -
ment of ast hma de pend on cli ni cal and pul mo nary
func ti o nal pa ra me ters.1 Pul mo nary func ti ons me a -
su red in terms of the for ced ex pi ra tory vo lu me in 1
se cond (FEV1) do not ref lect the air way inf lam ma -
ti on. Even in asym pto ma tic pa ti ents with nor mal
pul mo nary func ti ons, air way inf lam ma ti on can be
de mons tra ted.10 In cli ni cal prac ti ce, as sess ment of
air way inf lam ma ti on is dif fi cult. The re are se ve ral
met hods for eva lu a ting inf lam ma ti on in both up per
and lo wer air ways. Na sal cyto logy exa mi na ti ons can
be per for med by na sal swabs for up per air ways.11 In-
du ced spu tum is a simp le, sa fe, va lid and no nin va si -
ve tech ni qu e for the as sess ment of inf lam ma ti on in
lo wer air ways. This met hod gi ves an op por tu nity to
me a su re cel lu lar and mo le cu lar in di ces of air way in-
f lam ma ti on in spu tum.12

The mag ni tu de of the res pi ra tory inf lam ma ti -
on dif fers ac cor ding to the di se a se se ve rity. In cli -

ni cal prac ti ce, AR se ve rity can be eva lu a ted by
symptom sco res. In addition, so me ob jec ti ve met h-
ods for me a su ring na sal pa tency ha ve be en sug ges -
ted. One of them is rhi no ma no metry which gi ves
in for ma ti on abo ut the ex tent of na sal obs truc ti on
alt ho ugh it has a li mi ted rep ro du ci bi lity.13

Bronc hi al re ac ti vity to met hac ho li ne or his ta -
mi ne can be de tec ted in many pa ti ents with AR, es-
pe ci ally du ring the pol len se a son.14 This res pon se is
in de pen dent of the pre sen ce of ast hma symptoms5

alt ho ugh the mag ni tu de of hyper re ac ti vity dif fers
bet we en ast hma tics and patients with rhi ni tis.6

It is an im por tant pre ven ti ve func ti on for pub-
lic he alth to de tect the in di vi du als at risk however
not de ve lo ped overt cli ni cal di se a se yet. The re may
be a win dow pe ri od of op por tu nity for pre ven ti on
of the inf lam ma tory chan ges as so ci a ted with the
ast hma tic symptoms in AR pa ti ents. AR pa ti ents do
ha ve an in cre a sed risk of de ve lo ping ast hma; ho w-
e ver ast hma may be un derdi ag no sed in this po pu -
la ti on. In our study, we ai med to eva lu a te the
pos sib le early lo wer air way inf lam ma ti on in AR,
which may pre dict the de ve lop ment of ast hma be-
fo re ast hma phe noty pe pre sents.

MA TE RI AL AND MET HODS
We rec ru i ted 40 con se cu ti ve pa ti ents re fer red to
our Ear No se Thro at (ENT) out pa ti ent cli nic bet -
we en Au gust 2008 and Ju ne 2009, who we re di ag -
no sed as mo de ra te/se ve re per sis tent al ler gic rhi ni tis
(PAR). De fi ni ti on of mo de ra te/se ve re per sis tent AR
was do ne ac cor ding to Al ler gic Rhi ni tis and its Im-
pact on Ast hma (ARI A) cri te ri a such as; the pre s-
en ce of one or mo re of the items inc lu ding sle ep
dis tur ban ces, im pa ir ment of da ily ac ti vi ti es, le i su -
re and/or sport, im pa ir ment of scho ol or work and
tro ub le so me symptoms for mo re than four days a
we ek in mo re than four con se cu ti ve we eks.6 All pa-
ti ents had si mi lar do cu men ted cli ni cal his to ri es of
mo de ra te or se ve re PAR and po si ti ve skin prick
tests with at le ast one mem ber of the Der ma top ha -
go i des spp. No ne of the pa ti ents we re tes ted or tre -
a ted for AR pre vi o usly. The na sal con ges ti on was
fo und to be du e to the bi la te ral in fe ri or tur bi na te
hyper trophy vi a na sal en dos co pic exa mi na ti on. Pa-
ti ents un der went a de ta i led exa mi na ti on by a pul-
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mo no lo gist, and tho se who were pre vi o usly di ag -
no sed with ast hma and had symptoms con sis tent
with ast hma or la bo ra tory fin dings as so ci a ted with
ast hma re cog ni zed in the run-in pe ri od we re exc -
lu ded. Ot her exc lu si on cri te ri a we re smo king his-
tory, as so ci a ted co-mor bi di ti es such as chro nic
obs truc ti ve pul mo nary di se a se, bronc hi ec ta sis, ur-
ti ca ri a, pre vi o us si no-na sal or tur bi na te sur gery, se-
ve re na sal sep tal de vi a ti on, na sal val ve in suf fi ci -
ency and con co mi tant si no-na sal di sor ders inc lu -
ding rhi no si nu si tis. 

The study was ap pro ved by the ins tu i ti o nal hu -
man-re se arch re vi ew bo ard and all pa ti ents pro vi -
ded writ ten in for med con sents. Pa ti ents we re
eva lu a ted for the eli gi bi lity for the study in a two-
we ek run-in pe ri od, and the ones me e ting the inc -
lu si on cri te ri a we re as ked to at tend the vi sit 1. Af -
ter ob ta i ning the in for med con sent, on the vi sit 1,
na sal sme ar was obtained and ac ti ve an te ri or rhi no -
ma no metry was per for med. Twenty-fo ur ho urs af -
ter from the vi sit 1, pul mo nary func ti on tests
inc lu ding bronc hi al hype rac ti vity (BHR) we re do ne
on the vi sit 2. Fi nally, 24 ho urs af ter the vi sit 2, spu-
tum in duc ti on was per for med on vi sit 3. Pa ti ents at-
ten ded the la bo ra tory on three dif fe rent days, but at
the sa me ti me in ter val bet we en 9 am and 11 am.

NA SAL SME AR PRO CES SING

Pa ti ents we re as ked to rin se the ir no ses be fo re ob-
ta i ning the na sal sme ar. Sing le-use pro bes we re ap-
p li ed to in fe ri or turbinate. Samp les we re
dis se mi na ted on the sli des and tre a ted with 95% al-
co hol so lu ti on for at le ast one mi nu te. H e ma toxy -
lin eo sin sta i ned samp les we re exa mi ned with x100
mag ni fi cen ce under the light mic ros co pe and pre s-
en ce of eosinophils was eva lu a ted. The pre sen ce of
eo si nop hils was re gar ded as eo si nop hi li a.

RHI NO MA NO METRY

Ac ti ve an te ri or rhi no ma no metry me a su re ments
we re per for med using SRE2000 (Rhi no ma no met -
rics A/S, Lynge, Den mark). All me a su re ments we -
re do ne in the non-de con ges ted sta te. An
ex pe ri en ced ENT spe ci a list car ri ed out each me a -
su re ment in a stan dard fas hi on as des cri bed pre vi -
o usly.13 The 150 Pa re fe ren ce pres su red “R” va lu e

ob ta i ned from ac ti ve an te ri or rhi no ma no metry
cur ves was de ter mi ned by 2.6 ver si on of Rhi nos -
can prog ram me and to tal na sal re sis tan ce was eva l-
u a ted. A cut off va lu e of >0.4 Pa cm-3s-1 was
re gar ded as presence of na sal obs truc ti on.

PUL MO NARY FUNC TI ON TESTS (PFT)

PFT was per for med with Ja e ger Mas ter Scre en
Pne u mo (Spi ro lab II®) spi ro metry de vi ce. The best
test among the thre e con se cu ti ve tests was taken
into consideration. FEV1, for ced vi tal ca pa city
(FVC), FEV1/FVC we re me a su red ac cor ding to
Ame ri can Tho ra cic So ci ety (ATS) cri te ri a.15

MET HAC HO LI NE CHAL LEN GE

Bronc hi al chal len ge was al ways per for med bet we -
en 9 am and 10 am ac cor ding to 2 mi nu te bre ath
test for met hac ho lin stan dard pro to col des cri bed in
the ATS gu i de li nes.16 Af ter thre e rep ro du cib le FEVl
me a su re ments, do ub led con cen tra ti ons of met hac -
ho li ne 0.0625-0.125-0.25-0.50-1-4-8-16 mg/ml we -
re in ha led thro ugh a ne bu li zer and spi ro metry was
per for med. The do se pro vo king a FEV1 dec re a se by
20% or mo re from ba sal me a su re ments was ac cep -
ted as PD20, pro vo ca ti ve do se. A PD20 va lu e be -
low or equ al to 8 mg/ml was re gar ded as bronc hi al
hyper re ac ti vity (BHR) po si ti vity.

SPU TUM IN DUC TI ON

Af ter pret re at ment with a short ac ting be ta-2 ago -
nist, spu tum was in du ced by the in ha la ti on of hy-
per to nic sa li ne so lu ti on (3%) ge ne ra ted by a
ne bu li zer (Pa ri Mas ter, Pa ri Res pi ra tory Equ ip ment
Inc., Rich mond, VA, USA), with an out put of 0,5
ml/min and a par tic le si ze of less than 5 µm ae rody-
na mic mass me di an di a me ter. Pa ti ents in ha led the
ne bu li zed sa li ne for up to 20 mi nu tes thro ugh a
mo uth pi e ce. Ten mi nu tes af ter the be gin ning of
the ne bu li za ti on and every fi ve mi nu tes the re af ter,
pa ti ents we re en co u ra ged to co ugh and ex pec to ra -
te spu tum in to a ste ri le pet ri dish. Thre e flow vo lu -
me cur ves we re per for med be fo re and af ter each
in ha la ti on and in duc ti on of the spu tum was stop -
ped if the best FEV1 drop ped 15% from the ba se li -
ne or any symptoms oc cur red. Ne bu li za ti on was
stop ped be fo re 20 mi nu tes if suf fi ci ent and go od
qu a lity spu tum was ob ta i ned ear li er.
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SPU TUM PRO CES SING

Samp les we re pro ces sed wit hin 3 ho urs. The met -
hod of spu tum exa mi na ti on des cri bed by Po pov
et al was used with so me mo di fi ca ti ons.17,18 Spu-
tum was dis se mi na ted in the pet ri dish and all
opa qu e or den se por ti ons se e med dif fe rent from
sa li va we re col lec ted using the se lec ti on plug met -
hod. Then the samp le was pla ced in to an Ep pen -
dorf tu be and we ight of the samp le was me a su red.
The amo unt of dit hi ot hre i tol (DTT; Sig ma) ha v-
ing do ub le we ight of the samp le was freshly pre-
pa red by dis til led wa ter with a di lu ti on of 1:10,
and was ad ded. The mix tu re was mec ha ni cally
stir red with the as pi ra ti on of the spu tum in and
out of a pi pet te abo ut 20 ti mes. Af ter wards, the
samp le was pla ced in a sha ker at 24oC for 15 mi -
nu tes to ac hi e ve comp le te ho mo ge ni za ti on. The
sus pen si on was furt her di lu ted with phosp ha te
buf fe red so lu ti on (PBS) to a vo lu me equ al to the
spu tum plus DTT to stop the ef fect of DTT, and
cen tri fu ged at 2000 rpm for 5 mi nu tes. The su per-
na tant was as pi ra ted and the cell pel lets we re re-
sus pen ded with Ros well Park Me mo ri al Ins ti tu te
(RPMI) me di a to ac hi e ve a con cen tra ti on of 10/L.
One drop was put in each cyto cen tri fu ge cu be
and cyto cen tri fu ged at 600 rpm for 10 mi nu tes.
The cytos pins we re sta i ned with Gi em sa. Dif fe -
ren ti al cell co unts we re me a su red by scan ning sli -
des star ting at the top left cor ner in an un du la ting
man ner from top to bot tom using high po wer
(x100) mag ni fi ca ti on. Two hun dred non-squ a mo -
us cells we re co un ted and the re sults we re ex pres -
sed as per cen ta ges of to tal non-squ a mo us cell
co unts.

STA TIS TI CAL ANALY SIS 

Da ta we re analy zed by SPSS 15.0 pac ka ge prog ram.
Inf lam ma tory cell co unts in spu tum we re shown as
the per cen ta ge of to tal non-squ a mo us cell co unts
and they we re ex pres sed as me an, me di an, stan dard
de vi a ti on, mi ni mum and ma xi mum va lu es and in-
ter qu ar ti le ran ge. Pa ra me ters we re analy zed af ter
an ini ti al eva lu a ti on for nor mal dis tri bu ti on in the
study po pu la ti on. Cor re la ti ons bet we en the da ta
ob ta i ned by aco us tic rhi no ma no metry and BHR,
na sal sme ar and in du ced spu tum eo si nop hi li a we -
re tes ted using Spe ar man’s rank cor re la ti on tests.
Ca te go ri cal da ta as BHR po si ti vity, na sal obs truc ti -
on and na sal sme ar eo si nop hi li a pre sen ce we re an-
aly zed with Chi squ a re test. A, p-va lu e <0.05 was
con si de red to in di ca te sta tis ti cal sig ni fi can ce.

RE SULTS 
Among 60 pa ti ents who we re eva lu a ted for the eli -
gi bi lity of the study, 40 pa ti ents met the inc lu si on
cri te ri a. De mog rap hic fe a tu res and cha rac te ris tics of
the 17 ma le and 23 fe ma le pa ti ents are shown in
Tab le 1.

Thir te en (36%) of the pa ti ents out of 36 had
eo si nop hils in the ir na sal sme ar. 

Me an va lu es of na sal rhi no ma no met ric me a -
su re ments we re 1 ± 0.7 Pa cm-3s-1. Na sal obs truc ti -
on was regarded positive over 0.4 Pa cm-3s-1.
Twenty-se ven (68%) of the pa ti ents we re fo und to
ha ve na sal obs truc ti on.

Fi ve pa ti ents had a FEV1<80%, whe re as all the
par ti ci pants ha ve FEV1/FVC ra ti o gre a ter than
70%. Bronc hi al hyper re ac ti vity was po si ti ve in 12
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Mean ± SD Median (25th to 75th percentiles) Minimum Maximum

Age 37 ± 11 38 (27-46) 20 58

FEV1 (%) 98 ± 13 99 (88-110) 70 117

FEV1 (lt) 3 ± 1 3 (3-4) 2 5

FEV1/FVC (%) 81 ± 7 81 (76-87) 70 100

Rhinomanometry 1 ± 0.7 0.7±(0.5-1) 0.3 3.2

TABLE 1: Characteristics of the study population. 

FEV1: Forced expiratory volume in 1 second. FVC: Forced vital capacity. 

SD: Standart deviation.



(30%) of the pa ti ents. Fi ve pa ti ents (12.5%) had a
met hac ho li ne chal len ge po si ti vity at 8 mg/ml, four
(10%) at 4 mg/ml and three (7.5%) at 1 mg/ml.
BHR was fo und we akly cor re la ted with the
FEV1/FVC ra ti os (r= 0.392 p= 0.012).

Spu tum in duc ti on was well to le ra ted in all of
the pa ti ents; ho we ver 27 of the spu tums we re of
go od qu a lity to eva lu a te. Me an per cen ta ge of the
eo si nop hils we re less than ot her cell types li ke ne -
ut rop hils, lymphocy tes and mac rop ha ges (Fi gu re
1). Eo si nop hils we re not de ter mi ned in the spu-
tums of 23 of the pa ti ents whi le only two had 1%
and the ot her two had 2% eo si nop hi li a, res pec ti -
vely. In du ced spu tum cell dis tri bu ti on among the
study po pu la ti on is shown in Tab le 2. 

The re was not any cor re la ti on with na sal
sme ar eo si nop hi li a and spu tum eo si nop hi li a, FEV1
(%), FEV1/FVC and na sal obs truc ti on in terms of
rhi no ma no metry.Presence bronc hi al hyper re ac -
ti vity was not fo und to be re la ted with either na -
sal obs truc ti on (p= 0.412) or na sal eo si nop hi li a (p=
0.548) pre sen ce in addition, BHR se ve rity did not
ha ve an ef fect on the se re sults. Any sig ni fi cant re-
la ti ons hip was not ob ser ved bet we en in du ced spu-
tum eo si nop hi li a and FEV1 (%), FEV1/FVC, na sal
obs truc ti on se ve rity and met hac ho li ne chal len ge
po si ti vity. 

DIS CUS SI ON
Na sal and bronc hi al mu co sa ha ve si mi lar fe a tu res
and tho ugh the re are so me pat hoph ysi o lo i cal dif fe -
ren ces bet we en rhi ni tis and ast hma, the con cept of
“one air way one di se a se ” has be en ac cep ted wi dely
over the past se ve ral ye ars.19 Mo re than 80% of ast -
hma tics ha ve rhi ni tis and 10-40% of pa ti ents with
rhi ni tis ha ve ast hma.1 Eva lu a ti on for ast hma is

highly re com men ded in pa ti ents with per sis tent
AR. It is not cle ar whet her the pre sen ce of AR pre-
dicts the de ve lop ment of ast hma or AR ca u ses ast -
hma.6 The re are not many stu di es in ves ti ga ting the
as so ci a ti on of rhi ni tis and ast hma thro ug ho ut the
co untry, in Tur key.20

Se ve ral bi o mar kers that can be ob ta i ned by in-
va si ve or non in va si ve samp ling methods ha ve be -
en sug ges ted for the eva lu a ti on of AR and ast hma.
Na sal la va ge tech ni qu es, na sal brus hings and na sal
bi op si es are so me met hods for samp ling up per air-
way inf lam ma ti on. They are re la ti vely easy to be
per for med and ha ve rep ro du ci bi lity. Lo wer air-
ways can be samp led by broc hos co pic pro ce du res,
ex ha led bre ath and in du ced spu tum. Broc hos copy
is an in va si ve met hod, in du ced spu tum is non in va-
si ve, but it ne eds well-or ga ni zed cen ters. Ge ne -
rally, one bi o mar ker may ref lect only one as pect of
the di se a se, so it is re com men ded to samp le mul ti-
p le cli ni cally re le vant mar kers whe ne ver pos sib -
le.21 In our study, we in ves ti ga ted so me mar kers in
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Mean ± SD Median (25th to 75th percentiles) Minimum Maximum

Eosinophils% 0.2 ± 0.5 0 (0-0) 0 2

Neutrophils%. 30 ± 22 24 (10-54) 2 66

Lymphocytes 15 ± 13 13 (5-17) 2 60

Macrophages 43 ± 24 42 (22-68) 0 92

TABLE 2: Differential cell counts in the induced sputums of the study population.

SD: Standart deviation.

FI GU RE 1: In du ced spu tum cell dis tru bu ti on of the study po pu la ti on ac cor ding
to me an per cen ta ge.



AR which may pre dict ast hma and ref lect res pi ra -
tory inf lam ma ti on for both AR and ast hma.

It has be en re por ted that he althy in di vi du als
ha ve less than 5% eo si nop hils in the ir na sal la va ge.22

Eo si nop hils are the ma jor inf lam ma tory cells in ast -
hma and a number of stu di es in ves ti ga ted spu tum
eo si nop hi li a as a mar ker of lo wer air way inf lam ma -
ti on and evaluation of ast hma con trol.23 Ho we ver,
the re is not much in for ma ti on abo ut the im por tan -
ce of inf lam ma tory cells in na sal sec re ti ons on the
as sess ment of lo wer air way inf lam ma ti on. Amo rim
et al col le a gu es fo und that na sal la va ge flu id was a
go od pre dic tor of spu tum eo si nop hi li a in a gro up of
ast hma tic pa ti ents, and they conc lu ded that na sal
flu id la va ge exa mi na ti on might be use ful in de ter -
mi ning air way inf lam ma ti on in ast hma tic pa ti ents.24

We per for med na sal sme ar exa mi na ti on which par-
ti ally dif fe red from the na sal la va ge tech ni qu e in our
study, and we we re not ab le to show any re la ti on
bet we en na sal and in du ced spu tum eo si nop hi li a.
This may be exp la i ned by the cha rac te ris tics of our
study po pu la ti on, which inc lu ded only non-ast hma -
tic AR pa ti ents. Ba sed on the Eu ro pe an Res pi ra tory
So ci ety (ERS) In ter na ti o nal Gu i de li nes25 a nor mal
up per va lu e of eo si nop hils can be ac cep ted as 3% or
2.5% and with the cut va lu e of 2.5% for eo si nop hils
in in du ced spu tum, we did not de ter mi ne spu tum
eo si nop hi li a at all, whe re as 20% of the pa ti ents had
na sal sme ar eo si nop hi li a. Stu di es on na sal sme ar sug-
gest that an eo si nop hil per cen ta ge hig her than 5-
10% may be re gar ded as na sal eo si nop hi li a.26 Na sal
sme ar eo si nop hi li a was re por ted approximately in
40-70%27,28 in AR pa ti ents, and the low eo si nop hi li -
a ra te in our study may be du e to so me tech ni cal as-
pects. Sig ni fi cant po si ti ve re la ti ons hips we re al so
re por ted among na sal eo si nop hil in fil tra ti on, na sal
airf low and FEV1 in a gro up of pa ti ents with PAR
and ast hma.29 We al so did not find any re la ti on be-
t we en na sal sme ar eo si nop hi li a and pul mo nary
func ti ons in terms of FEV1, FEV1/FVC and BHR.

It has be en sug ges ted that on the ba sis of T hel -
per type 2 (Th2) cells, na sal inf lam ma ti on le ads to
na sal and bronc hi al struc tu ral and func ti o nal im-
pa ir ment inc lu ding both na sal and bronc hi al airf -
low.30 One of the ob jec ti ve met hods for the
as sess ment of na sal obs truc ti on and airf low is rhi-

no ma no metry which is a tech ni qu e that me a su res
na sal pres su re flow re la ti ons hip du ring nor mal bre -
at hing. In in di vi du als wit ho ut signs of na sal di se a -
se me an to tal re sis tan ce has be en re por ted to be
aro und 0.23 Pa cm-3s-1, ran ging bet we en 0.15 and
0.39 Pa cm-3s-1.31 Up per li mit of the nor mal ran ge
for to tal na sal re sis tan ce to airf low can be ac cep ted
as 0.3 Pa cm-3s-1.32 Na sal airf low was shown to be
as so ci a ted with FEV1,33 as well as with na sal eo si -
nop hi li a in cyto lo gi cal exa mi na ti on.34 In our study,
alt ho ugh the me an va lu e of rhi no ma no met ric me -
a su re ments re ve a led na sal obs truc ti on, we did not
ob ser ve any sig ni fi cant cor re la ti on with FEV1,
FEV1/FVC and BHR.

Up per and lo wer air ways not only ha ve ana -
to mi cal in teg rity, but al so show func ti o nal comp -
le men ta ri ti es. Pa ti ents with per sis tent AR show
bronc hi al hyper re ac ti vity more than the ones with
in ter mit tent AR.6 The BHR po si ti vity ra te has be -
en re por ted between 53.5% and 82.2% in a gro up
of se a so nal and per sis tent AR pa ti ents, res pec ti -
vely.35 In anot her study, BHR was pre sent in 32.4%
of the per sis tent rhi ni tic sub jects.36 Si mi larly, BHR
was po si ti ve in 30% of our pa ti ents with PAR, ho -
we ver it was po si ti ve at 8 mg/ml in 12.5% of the
study po pu la ti on. It has be en sug ges ted that AR pa-
ti ents with BHR, had dif fe rent dsypne a per cep ti -
ons and this might be re la ted to the de ve lop ment of
ast hma symptoms.37 In our study, we strictly exc -
lu ded the pa ti ents with ast hma symptoms or ast -
hma di ag no sis. Alt ho ugh so me of our pa ti ents had
BHR, they did not ha ve symptoms re la ted to ast -
hma. The mag ni tu de of bronc hi al re ac ti vity may
chan ge from AR to ast hma.6 In our study, the mag-
ni tu de of the BHR was high in only 5% of the pa-
ti ents; most of the pa ti ents had met hac ho li ne
chal len ge po si ti vity aro und the cut off li mit. The -
re ha ve be en stu di es re por ting asym pto ma tic
bronc hi al in vol ve ment and re du ced FEV1, FEF25-
75 and po si ti ve BHR in AR pa ti ents. They de mon-
s tra ted that the deg re e of the re ac ti vity al so
cor re la ted with FEV1 and FEF25-75. It was sug ges -
ted that sig ni fi cant num ber of rhi ni tis pa ti ents
might ha ve an asym pto ma tic bronc hi al inf lam ma -
ti on and bronc hi al inf lam ma ti on was re la ted to the
se ve rity of BHR.38,39 In our study, we al so fo und
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BHR and FEV1/FVC ra ti os sig ni fi cantly cor re la ted
but only five pa ti ents had low FEV1 va lu es whi le
all had nor mal FEV1/FVC ra ti os. BHR was not so
se ve re in our study po pu la ti on, and this may exp -
la in why we did not find a re la ti on bet we en BHR
and ot her pa ra me ters which we investigated in our
study li ke na sal sme ar, rhi no ma no metry and in du -
ced spu tum. 

The re are stu di es that in ves ti ga ted the ef fects
of AR on bronc hi al mu co sa in no n-ast hma tic pa ti -
ents that re por ted a slight in cre a se in ba se ment
mem bra ne si ze and a mo de ra te eo si nop hi lic inf -
lam ma ti on.40 In du ced spu tum tech ni qu e is a no nin-
va si ve met hod that may enab le bet ter as sess ment
of se ve rity of air way di se a ses, di se a se con trol and
may dis cri mi na te the phe noty pes of pa ti ents sho w-
ing spe ci fic bi o lo gi cal mar kers.12 It may be used to
mo ni tor air way inf lam ma ti on, alt ho ugh it is not a
stan dard pro ce du re cur rently. Eo si nop hi lic air way
inf lam ma ti on is one of the most im por tant is su es
in the pat ho ge ne sis of ast hma. A number of stu di -
es on no n-ast hma tic AR sub jects ha ve de mons tra -
ted in cre a sed num ber of in du ced spu tum
eo si nop hils41,42 whi le so me ot hers fa i led to show a
sig ni fi cant dif fe ren ce in in du ced spu tum eo si nop hil
per cen ta ges of se a so nal AR pa ti ents and he althy
con trols.43,44 Me di an and in ter qu ar ti le ran ge of eo -
si nop hil and ne ut rop hil per cen ta ges in in du ced
spu tums of he althy con trols ha ve be en re por ted
aro und 0.5-1.1% and 24.1-26.8 5, res pec ti vely.45

We fo und the se va lu es similar to he althy con trols,
as 0-0% and 24-44% for eo si nop hil and ne ut rop -
hils res pec ti vely. We we re not ab le to de ter mi ne
the ex pec ted in cre a se in eo si nop hils ra tes in in du -
ced spu tum of our pa ti ents, and  this may be due to
low po si ti vity ra tes of BHR as well as met ho do lo -
gi cal and study pro to col dif fe ren ces. Di xonet al. did
not show any cor re la ti on bet we en lung func ti ons
and cel lu lar com po si ti ons of in du ced spu tum, and
they exp la i ned this by the small num ber of the ir
study po pu la ti on. Ho we ver, they de fi ned a trend
of fe wer eo si nop hils and ne ut rop hils in pa ti ents
with low lung func ti ons whi le in so me ot her stu d-
i es it was re por ted that in du ced spu tum eo si nop hi -
li a was well cor re la ted with low lung func ti on.46,47

We al so co uld not show any cor re la ti on bet we en
in du ced spu tum cell com po si ti ons and lung func ti -
ons. So me stu di es sho wed a cor re la ti on bet we en
BHR and eo si nop hi lic inf lam ma ti on48 alt ho ugh so -
me did not.49

CONC LU SI ON
The re are many qu es ti ons that ha ve to be high ligh -
ted in al ler gic di se a ses such as is AR, which may be
a pre dic tor of fu tu re ast hma de ve lop ment . Long
term pros pec ti ve fol low-up stu di es are re qu i red to
de ter mi ne whether and when the re may be a ‘win-
dow of op por tu nity’ for pre ven ti on of the struc tu -
ral and inf lam ma tory chan ges as so ci a ted with the
ast hma phe noty pe in al ler gic rhi ni tis pa ti ents.
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