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w e re  r ev iew ed . R ela tio n sh ip s w e re  fo u n d  fo r sy m p to m s
a n d  o b jective tests o f  a irw ay s in f la m m at io n . T h e d a ta
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a g en t.
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Introduction

T h e p resen ce  o f ex ten d ed  p ro b lem s in  re la tio n  to  in -

d o o r env iro n m en ts  h as b een  reco g n iz ed  in  a  la rge

n u m b e r  o f  s tu d ie s  f ro m  d iff ere n t c o u n tr ie s  [1 ,2 ] .

C o m m o n ly  rep o r ted  sy m p to m s are  ir ri ta tio n  in  th e

eyes, no se  an d  th ro a t , d ry  co u gh , as w ell as fat ig u e/

h ead ach e  an d  skin  p ro b lem s. T h e  co n sis tency  in  th e

sy m p to m  p rof ile  is  rem ark ab le,  su ggestin g  th a t m o st

cases m ay  h ave  a  co m m o n  cau sa tive  ag en t.

S tu d ie s d ur in g  recent y ears su g gest  tha t  th e  sy m p -

to m s re flec t  a  n o n -spec ific  a ir wa y s inflam m atio n  [3] .

A  spec ific ,  c lassical  im m u n og lo bu lin  E -m ed ia ted  sen -

sitiza tio n  can  d evelo p again st  an  in d oo r  a ir  an tig e n

su ch  as h o u se  d u st m ite  o r  m o ld s,  bu t th is  o ccurs o n ly

in  a sm all pro p or tio n of  exp o sed  p o pu la tio n s. In  th a t

re sp ec t, sy m p to m s am o ng  p er so n s in  in d oo r  a ir  env i-

ro n m e n ts a re  ve ry  sim ila r  to  th o se  p rese n t a m o n g

p erso n s wo r k in g  in  o rgan ic  d u st en v iro n m en ts such

as sw in e  co nf in em en t b u ild in g s, p o u lt ry  h ou ses and

co m p o stin g  fac il it ie s [4 ].

A  la rge  n u m ber  o f  stud ies sh o w  a  re la tio n sh ip  b e-

tw een  a ir w ay s in f lam m ation  an d  a  h isto ry  o f dam p-

n ess o r flo o d in g  o f b u ild in g s. H um id ity  in  bu ild in g

stru c tures favors th e  g row th o f  fu n g i an d  certa in  b ac-

te r ia ,  g en era lly  re ferr ed  to  as m o ld s. T hese  m icro -

o rg a n i sm s  c o n ta in  sev e r a l  a g e n ts  w ith  im p o rta n t

b iolo g ica l  p ro per ties su ch  as en d o to x in , m y co to x in s

an d  (1 ® 3 ) - b -D -g lu can .

(1 ® 3 ) - b -D -g lu can  is a  p o ly g lu co se  co m po u n d  in

w h ich  th e  sug ar  rin g s a re  jo ined in  a b -1 ® 3 -p o si-

t io n . T h is  ste r ic  fo rm  is  resp o n sib le  fo r th e  e ffec ts  o f

(1 ® 3 ) - b -D -g lucan  on  th e  im m un e system  o f th e  bo d y.

T h ere  is  an  abu n d an t li te ra tu re  sh ow in g  th a t (1 ® 3 ) -

b - D -g lu can  in te r feres w ith  m acro p h ag e  fu n ctio n , ac-

t iva te s lym p h ocy te  fu nctio n  an d  w orks syn erg istica lly

w ith  o th er  agen ts to  cause  in flam m atio n  [5 ±8 ].

In  v iew  o f  th e  im p o rtan t b io lo g ic a l  p o ten cy  o f

(1 ® 3 ) - b -D -g lu can , o u r  lab o ra to r y  h as u n d ertaken  a

se ries o f  field  investig a tio ns to  eva lu a te  th e  re la tio n -

sh ip  b e tw een  (1 ® 3 ) - b - D -g lu can in  in d o o r a ir  an d  the

p resen ce  o f  a ir wa y s in flam m atio n.  T h ese  stu d ie s are

rev iew ed  h ere .

M easurements of (1®® ®®® 3)- bb bb b -D-g lucan

Sam pling of a irborne par ticles

P rev io u s ex p e r ien c e  h a s d em o n stra ted  th e  n e ed  to

gen er a te  a ir  m ov em en ts  to  susp en d  flo o r d u st to  o b -

ta in  re levan t ex po su re  d a ta  fo r a irb o rn e  d ust  in d o o r s

[9] . In  o rd er to  g ener a te  a  du st aero so l, a  d evice  p ro-

d u cin g  an  a irstr eam  d ir ec ted  a t  th e  f lo o r  w as p assed

over th e  f lo o r  fo r 5  m in  at th e  be ginn in g  o f  each  o f

two  1 5 -m in m easu r in g  p er io d s.

F o r  th e  aero so l sam p lin g , a ir  w as d raw n  thro u gh  a

fi lte r (AT T D , 0 .8  m m  M il lip o re , C am b ridg e , M assa-

ch u se tts ,  U S A ) w ith  a  vo lu m e o f ab o u t 2  l ite r s/m in

fo r  30  m in . T he  f il te r s w ere  situa ted  1 .2 m  ab ove  the

g ro u n d .

Analyses

T h e  a n aly sis  o f  (1 ® 3 ) - b - D -g lu ca n  w as  p er fo r m e d

acco rd in g  to  p rev io u sly  d escrib ed  tech n iq u es  [1 0 ] .

T h e  fi l te r s w ere  sh aken  o n  ice  f o r  1 0 m in  a t  ro o m

tem p era tu re  in  0 .3 N  N aO H . T h is p ro cess u n w in d s
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th e  tr ip le  h e lix  o f th e  (1 ® 3 ) - b -D -g lu can  and  ren d ers

it  w ate r -so lu b le  fo r a lim ited  tim e .  A  5 0- m l p o rtio n  o f

th e sam ples was p laced in  h ollow s o f a m icrotiter p late

to geth er  w ith  a  g lu can -sp ec if ic  L im u lu s lysa te, con -

ta in in g  th e  azo d y e  req u ir ed  fo r th e  colo r te st  (F u n-

gitec  G  te st; S e ik a gak u  C o rp o ra tion , To ky o , Jap an ).

T h e  sam p le  was in cu b a ted in  a Wellr ead er (S e ika -

gak u  C o rp o ra tio n ) an d  th e  k in e tic s o f th e  colo r reac-

tio n  was r ead  p h o to m etrica lly  an d  tr ansf o rm ed  in to

abso rban ce  un its  a t th e  m ax im u m  slo pe  o f th e  curv e.

T h is  va lu e  w as co m p ared  to  a  stand ard  o f  a w ater -

so lu ble  (1 ® 3 )- b -D -g lu ca n  p rov id ed  b y  th e  m an u fac-

tu re r s  (P a chy m an ±S eik a gak u  C o r p o ra tio n , T o k y o ,

Jap a n )  an d  th e  r esu lts  w e re  ex p re ssed  a s u n its  o f

(1 ® 3 )- b -D -g lu can  p er  m ill il iter  l iq u id . T h e  va lu e  fo r

a ir  flow  th r o u gh  th e  fi lte r was th en used  to  tr ansf o rm

th is va lu e  to  n g /m 3.

Studies perform ed

T h e fir st stud y  w as an  investig a tio n  o f  a  n um ber  of

fla ts in  a  sm all  tow n  in  S w ed en  [1 1 ]. T h e  p resen ce o f

sy m p to m s was eva lu ated  b y  q u estio n n air e  (3 5  res-

p o n d en ts)  an d  m ea su rem en ts o f (1 ® 3 )- b -D -g lu ca n

w e re  m ade  in  2 2  fl ats. D u e  to  d if fe ren ces in  th e  an a ly -

sis m eth od, th e  va lu es fo u n d  are  n o t d irec tly  co m pa-

ra ble  to  leve ls rep o r ted  u sin g  th e  curr ent an al y tical

m eth od  (see  ab ove) b ut an  ex tra p o la tio n  dem o nstra tes

th a t  th e  va lu es ran g ed  up  to  2 0  n g /m 3. Fo r th is rea-

son , th e ex po sure  was d iv ided  in to  th ree  classes:  h ig h -

, m edium -  an d  low -glucan . T h e  results  sh o w ed th a t

th e  h ig h er  th e  c la ss o f (1 ® 3 ) - b - D -g lu can , th e  la rg er

th e  p ro p o rtio n  o f resp o n d e n ts  w h o  rep o rted  sy m p -

to m s in d ica tive  o f  a irw ay s inf lam m a tio n  (Tab le 1 ).

T h e  sam e was f o u n d  for  t ir ed n ess an d  h ead ach e.

w ith  the  cu rr en t m eth o d  o f an a lysis. T h e  e x ten t o f

d iff erent sy m p to m s was r e lated  to  leve ls  o f  a ir b or n e

(1 ® 3 )- b -D -g lu can .

A  case  stu d y  in  S w itzer lan d  co m p r ised  a c l in ica l

investig a tio n  o f  tw o  boy s l iv ing  in  a  ho u se  d isp lay -

in g  in d o o r m o ld  an d  w ith  a ir b o rn e  (1 ® 3 ) - b -D -g lu -

can  leve ls r an gin g  b e tween  5  an d  10 6 n g /m 3 (m ean

4 1.9 ) [12 ]. T h e  b oy s develo p ed an  a ir w ays in flam -

m atio n  w ith  co u g hin g , w heezin g  an d  t ir ed ness a fte r

abo u t 6  m o n th s o f liv in g  in  th e  h o u se  an d  o n e  of  th em

b ecam e sen sitized  to  ho u se-d u st m ite . Th ey  m o ve d

ou t of  the  h o use and  the  sy m pto m s d isap peared .  A bo ut

a  year late r, the  p ar en ts  develo p ed a irw ays in f lam -

m atio n  an d th ey also  h ad  to  m ove o u t o f  th e  h o u se .

A n o th er stu d y  w as p er fo rm ed  in  a  d ay care  cen te r

w ith  a  h is tory  of  d am p ness [1 3] . T he  cem en t slab  o n

w h ich  th e  bu ild in g  w as erec ted  w as p laced  d irec tly

on  the  gro un d w ith  inadequ ate  dra in ag e arran gem en ts .

Fo r  several  y ears , sy m p to m s of  n asa l sw ell in g , th ro a t

ir ri tat ion , h ead ach e  an d  ti red n ess h ad  b een  rep o r ted

by  th e  sta f f a t  th e  center. O n e  p art o f  th e  stu d y  w as

m ad e w h en  the  sy m pto m s w ere  p resen t (M ay  1 99 2 ) .

A  few  m on ths la te r,  th e  cen te r w as c lo sed  fo r  reno va -

tio n  an d  th e  p erso n nel w o rked  elsew h ere . A fter  ren -

ovation , they  r e tu rned  to  th e  cen te r  an d  w ere  r e -ex -

am in ed  in  A p r il  1 9 94  an d  Ju n e  1 99 5 .

In  th is stu d y, a ir wa y  resp o n siven ess w as m easu r e d

u sin g  a  m eth acho lin e  cha llen ge test. A t th e  seco n d

re -ex am inatio n  2  y ears a fte rwa rd s, th ere  w ere  1 1  su b -

jec ts w h o  h ad  b een  p resen t at a ll  ex am in a tio n s. T h ese

co m p rised  th e  stu d y  g ro u p .

B efo re  th e  ren o vatio n ,  th e  m easu rm en t of  a irb o rn e

(1 ® 3 )- b -D -g lu can  w as 1 1.4  n g /m 3 (n = 2 4 , S D 2.3 ) .

A f te r  th e  ren ovatio n  th e  va lu e  w as 1 .3 n g /m 3  (n = 1 3 ,

S D 0 .9 ) , w h ich  w as sig n ifican tly  low er  (P < 0 .0 0 0 1 ) .

M easu rem en ts  o f  a ir w ay  resp o n siven ess a re  sh ow n

in  Ta ble  3 . T h e  ave rag e  d ecrease  in  forced ex p ir ato r y

vo lu m e in  1 s (F E V
1
)  a fte r m eth ac h olin e  ch a llen ge

w as lo w er 2  an d  3  y ears a fte r  the  ren o vatio n  th an  b e-

Table  1. Airborne classes of (1 ® 3)- b -D -g lucan in  relation to ex-
tent of sym ptoms (percentage of subjects expressing symptom s)

Glucan class Low Medium High

n 10 17 8
Nasal irritation 20 29 38
Throa t irritation 20 29 50
Dry cough 20 12 38
Headache 2 5 30
Tiredness 21 58 75

Table  2 . A irbor ne levels of (1® 3)- b -D -glucan in re la tion  to  exten t
of sym ptoms (percentage of subjects expressing sym ptoms)

Control Daycare/post office School

n 405 19 20
Glucan (ng/m3) <0.1 1.3 5.2
Nasal irritation (%) 16 37 50
Throat irr itation  (%) 11 37 45
Dry cough (%) 6 5 35
Headache (%) 2 5 30
Tiredness (%) 21 58 75

Table 3. A irway responsiveness befo re and after building renova-
tion, expressed as change in forced expiratory volume in 1 s (FEV1)
afte r inha la tion of 1.2 mg m ethacholine

 Befo re 2  years  3  years

FEV1  –7 .8 –4.0  –5 .9
n >4% 8 2 3

n, number of subjects show ing a decrease in FEV1 of over 4%.

T he seco n d  stud y  in vo lv ed  a  nu m ber  o f b u ild in gs

fo r  w h ich  co m pla in ts o f  in d o or  a ir -re la ted  sy m p to m s

h ad  been  m ad e: a  d ay car e  cen te r,  a  p o st  off ice  an d

two p r im ary  sch o o ls [9 ] . A n  o ffice  b u ild in g  w h ere  n o

sy m p to m s h ad  b een  re p o rted  serv ed  as a  co ntr ol. A

to ta l o f 3 9 p erso n s in  th e  build in g s w ith  sy m p to m s

an d  4 0 5  perso ns in  the  co n tr ol  bu ild in g  w e re  investi-

gated , an d  m easu rem ents w ere  m ad e  of  th e  am o u n t

o f  a ir b o rn e  en d o tox in  an d  (1 ® 3 ) - b - D -g lucan. T h e

resu lts  a re  sum m arized  in  T able  2 .

A irb o r n e  leve ls  o f  (1 ® 3 ) - b - D-g lu can  ran g ed  f ro m

0 .0 6  to  0 .5 5 n g /m 3  o r ap p ro x im ate ly  u p  to  6 n g /m 3
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fo re  (P = 0 .00 6  fo r p erm u tatio n  test b efo re  ve rsu s 2

y e a rs ,  N S  b e fo re  v e r su s  3  y e a r s) . A s  sh o w n , th e

nu m b er  o f  p erso n s w ith  a  d ecrease  in  F E V
1
 la rg e r

th an  4 %  wa s low er  a t  2  an d  3  years (P = 0 .0 3  an d

0 .0 8 , c 2,  Yate ’ s co rre c tio n ) .

O v er th e  years, a  n um b er o f  m easurem en ts  h ave

b een  p erfo rm ed  in  p riva te  h o m es an d  so m e o th er  lo -

catio n s, in it ia ted  by  rep o rts o f sy m p to m s o f  a irways

in flam m a tio n . O ther  m easu rem en ts  h ave  b een m ade

in  ind oo r enviro nm ents  where n o sy m pto m s have  b een

rep o rted .  T h ese  m easu rem en ts can n ot b e  lo o ked  u p on

as a  rep resen ta tiv e  sam ple  o f  in d o or  envir o nm en ts,

bu t th e  d a ta  n ever th e le ss co n ta in  in fo rm atio n o f  va l-

u e  in  d e te rm in in g  th e  e ffec ts of  (1 ® 3 ) - b -D -g lu c an .

M easurem en ts  h ave b een  perform ed  in  2 0  ho u ses w ith

sy m p tom s an d  1 3  w ith o u t sy m p to m s. In  cases w h ere

severa l  m ea su r em en ts  wer e  m a d e  in  o n e  lo ca tio n ,

su ch  as b ed ro o m s, k itch en  an d  sit tin g  roo m , a  m ean

value  was calcu la ted  o n th e  ra tio n ale  th a t perso n s in

a  dw elling  m o v e b e tw een  d ifferen t roo m s.

T h e  r esu lts  (Table  4 ) sh ow ed  th a t the  averag e  leve l

o f  (1 ® 3 ) - b - D -g lucan  in  h o u ses in h ab ited  b y  p eo ple

re p o rtin g  sy m p to m s w as sig n ifican tly  h ig h er  th an  in

h o u ses in h ab ited  b y  p eo p le  rep o r tin g n o  sy m p to m s

(P < 0 .00 19 ). A  sug gested  cu t-o ff  p oint is  arou n d 5 n g/

m 3,  an d o nly  a  few  h ou ses in hab ited  b y  p eo p le  w ith -

o u t sy m p tom s ex ceeded  tha t  va lu e . A  leve l o f 1 0 n g /

m 3 an d  ab ove  w as a lw ay s r e la ted  to  sy m p tom s.

Table 4. Airborne  leve ls o f (1 ® 3)- b -D -g lucan in bu ildings inhab-
ited by people  w ith and withou t symptom s

Sym ptoms No symptoms

n 20 13
M ean leve l (ng /m3) 8.6 2.5
Range (ng/m3) 1.9–32 0.4–5.7
n >5 ng/m 3  (%) 16 (80)  2 (15)
n >6 ng/m 3  (%) 12 (60) 0  (0)

n, number of houses .

A  g en era l co n clu sio n  f ro m  th e  stu d ies r ev iew e d

h ere  is th at th er e  was a  re la tio n ship  b etween  ex p o -

su re  to  (1 ® 3 ) - b - D -g lu can  an d  th e  ex ten t o f sy m p -

to m s of  a ir way s in f lam m ation. T h ere  was a lso  a  r e -

l at io n sh ip  to  th e  g en era l  ex ten t o f  sy m p tom s o f  fa -

t ig u e  a n d  h ead ach e . T h e  cau sa tiv e  fac to r  fo r  th ese

sy m p to m s m ay  b e  a  g en era l d istr ibu tio n o f in flam -

m atory  m ed ia to rs f rom  activated  ce lls in  the  lu ng  [1 6].

In  so m e o f th e  stu dies, d o se±resp o n se  re la tio n sh ip s

w e re  d em o nstra ted . H ow eve r, a  f in a l  con c lu sio n  re -

ga rd in g  c au sa li ty  req u ires  ex p erim en ta l  ch a llen g es

to  the  p u re  su b stan ce .
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Discussion

T h ere  are  con sid erab le m eth o d o lo g ica l  p ro b lem s in

sam p lin g  room  dust. To  o b ta in  su ffic ien t am o u n ts,

va cu u m -clea n in g  o f  su r fac e s o r  m a ter ia ls  su ch  a s

m attresses is  o ften  u sed [1 4 ,1 5 ]. T his tech niq u e a lso

sam p les p art ic le  sizes w h ich are  n ot resp ir ab le , an d

in  th e  stu d ie s rep o r ted  here  th e  sam plin g  was f o cu sed

o n  p articles w h ich  cou ld  dep o sit  a t a ll  lev e ls  o f  th e

resp ira to r y  tree . T h e  tech n iq u e  ch o sen  w as b ased  o n

p rev io u s w o rk  [1 1 ] sh o w ing  th a t a  cer ta in  am o u n t o f

ac tiv ity  in  th e  r o om  w as requ ir ed  to  o b ta in  m easu ra -

b le  am o u n ts  of  a irb o rne  p art ic les as w ell  as (1 ® 3 ) -

b - D -g lu can .


