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ABSTRACT 

Repeated measurements were taken in a printers' office where one case of humidifier lung 
disease had occurred. In water supplies of the office's air conditioning systems, the number of 
moulds was mainly below 50 colony-forming units (CFU)/mL, the quantity of anaerobic 
bacteria mostly below 10,000 CFU/mL. Twenty-nine out of the 120 participating employees 
complained of symptoms such as dyspnea, cough, malaise whose majority was not associated 
with the workplace. Twenty-eight had IgG antibodies to humidifier antigens prepared from 
water supplies of the air conditioning systems. 17 employees had at least one pathological 
lung function parameter. 
There was no significant correlation between complaints, antibody levels and lung function 
findiI1g. Repeated measurements within two years did not show significant changes in 
complaints, lung function parameters and antibody concentrations. 
We conclude that the described amount of moulds and bacteria in the air conditioning systems 
did not cause new cases of humidifiers lung. IgG antibodies indicate exposure to antigens 
which are obviously of no clinical relevance. 
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INTRODUCTION 

In Germany, several suspected cases of humidifier lung are every year reported to the 
responsible Statutory Accident Insurance Institution for Printing and Paper Processing 
("Berufsgenossenschaft Druck und Papierverarbeitung"). The cause of this disease is a 
microbial contamination of air conditioning systems which produce large amounts of antigens 
distributed by humidified air. It has not been clarified whether diseased individuals can 
continue working in these areas after decontamination. The risk of the numerous subclinically 
sensitized people to contract humidifier lung is not known either. 
The reason for our investigations was an index case of the humidifier lung disease of a female 
employee occurring after 13 yeus of acitivity in a printer's office. The patient worked in the 
safety area of cheque card printing of this company. 
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METHODS 

Wt:-. Berfqrrned fivy repeated mea. urement wiJ11Jn,ti,w.Q,tJear .corop�ing 120..outm the '250 
�#foyees Rf the p�"inteF,'s office .The examinQti0J).s,i.nd�c!ed occ1.1patiomi,l and medical c�e 
history, physical s;t�te, �ung function test�,, measuremt?JJ.t <Qf I'!!)�Janµbodi�lt© aritigens·pre�ent 
in humidifier water supplies prepared from water supplies of the air conditioning systems of 
the plant. Further, the number of moulds, aerobic bacteria and the concentration1�f a?hlgens 
proteins and c�dot?xins in

_�
���� _uppli_e: �f the _air ��n-�itio1!ing syste-���E_e _ q:.'.�ptified. 

·For the determmatron of protem and anugen content of the water supplies of tpe air 
conditioning systems, 250 mL each of them were lyophilized and the dry matf:i@lstwe re 
redissolved in 10 mL Aqua dest. The protein content was measured with the I}owrY. methods, 
performed in,.a-micro assay system�-The antigen content was determined by aif EJ§ SA-method 
using a serum s·ample from an �mployeJ! _of this printer�s....office suffering froni.h't}tnidifier lung 
disease. Briefly, wells of Micro-ELISA plates were coated with 100 µL of the: reconstituted 
dry material and incubated with the diluted serum (1 :2SOO). After washing, th� phbsphatase
conjugated anti-human IgG and the substrate (p-NPP) were added. In addition,_ qegative 
controls (two sera obtained from non-exposed healthy volunteers) were used. �he'optical 
density (OD) measured by 405 nm was an index for the antibody binding cap&cif)l'to antigen 
in the water supplies o� �he air conditioning system. The antigen content was �e�1?:ed by the 
OD40:; value of the pos1t1ve serum. ' 

,�§M_L;f�A�J!i:RIS�U��l�lN·tq -:1ur 'Ji�! sJi1 >D _,, '.'E>� 1· 

.•In the water1suppnes 6ftbffa1r "c<J'n diW6run'�·s�tem�1u1s rau�H ·m t:our W'&rking_a\-�as cr�i-'th�r 
·: pl•dcess ·ngl ·raw lfriaten'al stdre;' prmth ·s '0£fic€�11Ch�hl'te "printing) tl\e duffiber 6f moulds were 

mainly:below 501C:FU/m£� fueJtjuatiti y_ of ar\a'etoli!Fb�fa '·i.� rffogity_belh�· ti�boo CFU/mL. 
fu'.mdiY.idu�J.sa1�ple �ujJ1r6 90,00_0 CPb1AfiL lw�r�Jd���ed,'�o.��"1f ���)��'.g�n content of 
water supp hes did not correlate with the total i1itimbeiJl1b'f CFtf iitlP 'Ui1th' tHe ti\lm'ber of moulds 
or bacteria. . . r· 29{�4%)«dUNlf .J'2©'p rtictfHilits �riipl�i��d df �yfiiptbfu�Js���· :a� ' <lWp��'<l;'. sb��h, IWW,U1�e 
WhOseAfajority!wh 'i:fot'WO:f-K�i ceL1:eldteff.-1·' qi :rnibr· flO,n:JJl ;�"111 'ri,, - -'· (b' 1 ,)fiJ, 

28- 12401) • 'd" "d'j 11rl; " 1cc·1·1:.o d�d- I''G' · - ' tl· bb. <'_it' "i.Jl' J ;-.rn�1- :L111• I . • It )'.VlJ..J :d·; l fll , " ' 1i,: l !.c d ,� . -1c1_i� 1�1 i.ttti's·?Ut'��-· · � n�. ,'g. ,'.�� : _ ��s-�? urm�t�r ��lil,e�ri:ire.s���� 1 .�:;l '� ,��-
"c;ond1tioN.:t1llfg system ofthe.respefove1wdt�la2es r.f3H1� l). 2sriahlo?rg'tfi'eill" �ls o tea�teoJ9 
our st��dar�ize� humi�ifi�r ":at�r �nti?,�n: Vj· In?i��<;l�a�� with in�r��se� c��;, ��q4��Hs.f'.> 1 1 

I ; : .IgG ·arttlbodies. to l}'lfrmitlifler· hnti'gerf!( liioW of!tri 11\· v.h� re'U18t..l!�ni�e s j re.i;tiBre t�an 
propo(tjOriauy •ertipio)!ed'_iiflhl3' �t�M'. ·t1wt�ei-1pr(J'ce�sfrig ·awa '<))tint�� _i;·�ffic�· !c: :.� :.i;,, r' 

. •1" _,1; ll"'' �r.i• .. ,,, .. ,·1 H ·11. ·.•di rn 1Y:,\lrl1-rL'tlJ ·.'11: I.:: '. <'.oicJ\'.11.11-; -: Y • •
. 

I 'Fabl� ;l/ 1:Nrtlhberbf employees'. With·spe\!:ific ! igO')a'nti8otli&s1HY�a&j?H1k_iJ��hia:�t'.ik� �1 '!"I 
. I • ·1•1('· s ""ti a . d"u""J..'-'iU " ' 'i't' ' <.li 0. '.k ?fl'.Jli[I(!!; 'J-'')11, ;l) / Jd.JL Ir,,, _ _, t.-.'1 ,_ll J_ (j' 

.•1 - ·11€ e.., .,_ air,con i uu 11 ·s :, e111 r a. - · -:. 
- . .. 

. 
, 

- -

_ 

Air <.toncl�tiolihig area '"Nu'mBerbheSi:ed Iii. Nu'irl �r· • .  �lo � � it h ,values" I Ff'Centage 
"'; 1)·_,(huffiiclifileninti :en)iC 11;0\ '.efu 101 e�s;t<I ! ""1 JIJj.� ;IL\: ;alJ'0ve'tn'ef�b�.:ofP!U rlr:W 'o'l fWUltUJI; 

Further, rocessin c:i L '.·:: U l i •iC,!36i ·;;1;.')r 0133'.3 
Rii;w iro.nterial stoi{b r:' . 1 :_.'' 

Che ue rintin 
Total 

·u-'.S·l>[!n'\ <:11:;· 11-·j . .'.'/illr.or:x':J '.J"_,1;j3ll:u:/ 11 . �1. 1 J ;1 1; ,1\J:V�• '.l"2_�'.5fr 
·nu34r!J,:' i:rl'.fl '.!J:'r OJ {I� l'..i': 11�·,;p(':J•;. U'i\.'.J1-,n;;r \J ')/iil J.t� , 

28 24% 
*Sera of 118 subjects were available. Since several employees performed activities in various air 
conditioning system areas (e.g. skilled manual workers) the sera of tlies� :Pi©\iltf,\Vefo 1����itfil : 
several humidifier antigens. 
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10n:the aweragf!, ung.fo11.ction values 'vte�ltiorma'l in aJFworking area (Fig� lf. ·117 eirtployees 1%had,_at least'.�me 'patliolQgical lung .function' �arameter ( f4�mes broncHfal obstruction, th'i·ee 
.i i.J;tinles restrieti0:n).1iFi:ve tD'ftol)'td among them repofted wdfKplace-re1ated complajgts.. ' 

�I � , ; 11 '{;•I •'�J�Jf tJ') ,jJ; �)(.I: 1() �·�'...-,.lqcld;. !t 1l1 -' ·:� I ;1�\ 

.;::Ft:;�1 [c:i{i'1'' . : 11>:''i!J ·.1 .. ,·. , :;1 • .'i·Jf··'_ ·.'·_·1i J1;d ,'.)i�'
.
· : 11J·, ,,J · I' : lOJ 

I I I JI �i.lf.J. 'f�j�! -,!i I ,1 '; '.j J l l J,1 60 ) '.'., :I'•''' i .Jl · l • - ' •• 

"!"t•lU<�J�!1_1� , � ·: _.·.C :'J]I. · i - 'll!1fJ:\J_..fJf".)) ''!1 llL� 
/\-. . : (  

• . ,l;·.Hl "l'iVJ., l .,, : ; t11:vr ii'.tJJI(, ·•,: 
· J11'.;Jr111 lii'.:lJ1>';r; . . i' .3 ·JL ,IJ1• 

!�i :r1111 /"���I : : .: ·{ci iJ'.Jllilfl'l'1l!J/) 1,;:1; • ·:_,;r; • - /1J�l!:1:; :,!!"' · :.,'..•/, 
�rl!'· ;:.,:lrL1oo1 '�r I �1ri-1:ii':1u '""""" ........ _ _..__,_ 

I ' ; ';!I ; ' : '.l'l J rl ; I 0 . \ q (Jl' • JI I ) 
'.Jc.1;i..;:iq; �Q! · r!. :�J1irt:>1, fl ·;�.J� /, .. ' 

'I t I " ' 
t� • •  I I . '··'. )(1 ! 

., 

r, "I 
... ;�r. 

.' :·•J11,501 iUlJIJUl;l.J . ) '... . ;Lli . . 
4,,_;iJ;_";fj �d'f : 1'J?.JI �)"I'· I I�,; ·:_.· '. � ;.fl· f J". ·�f;'·'J·!HJ.'f '.1"lU1: ;J� · (l' 1;·1· .. •, , 111, ;.:dn-t.i(J'.1 

i!flG (J''4_(}i_. ;!l'i:J :\ll!l111il '.!J(. ;rl , , / · rn: ·.;v:, ,fl,:; , · 1r;:· J. , (;i (· ,,r, 

"jr: r .lf;'.JJc � "wiJibfl():_ , ''.)(/:'tu ·, ·;: •I (I f(J 

Printer's office Cheque prrnting· , ·Furttllitr 1pfoce��ihg 
·i�i/Nff� 1. 'f�V ! jq f,Yh <rrnt Rf t}l� fl?fef�.RS� i.9lY�. y':llJ.1e1'Wt<;()rpAng1tq,Qu��jer1�Mli(1993)d� 
, i''"· . i Py��ent % e, �� 1�1! �0.�99P..mg �a�:-���-�l()!:PJeS,tf,l;lt�twn..of,fJlViitN·alue� m 

.• lrn\i ' ·  
p9.i;_)9ev. 9f �� �rA efl1��n, 'l!P.e. -.�fµs���APlt 1 o },o,f:sul;>J�c��m-t�e a!Je�s · .1;r 

, . :.Ji'.•·1�1 p�·mtg,: 1o� ��: 11} ;r1p111 h�,q,�e c�fi .. IP �ntmro o = 32� fa1ril}�r;prq�e�s1ng:,in :±< . .g;3, � 
., •. , t· S gmfi.can� 1d1ffe,reuces- dQ not, �x1s.t. 1·i·i"' '·Jr/1 riJi·,·, ir-h, •t' ?< q J.;L i« 11.: ·1i·c1, r:., : . ,, ·1•,r .-fT ;rT. '' 17if 1 , 1 1 lr1' . n1_.,, , · .  ... . . .. - - . . . · . 

.: .. I . C') ... ' 
. Thfi i�l��t��r.is�l, ap8�X1�1�: ��e 7Fi1}9. 'H1 ,fF{ !.s �q)��&IJ!fW�Y.� ��m�!ati�9 �Q�twy�l1 :99mphtlnts� ··antioody §fate ano fong function finding (p>O.O�,�-. I�e.�9ll$?� up/ ����y..:9i,¢ f¥i>tj�<ilk�eidv1 
. , ffp�WR11w. ... ���fl�.lr )n f,9�fMii;n � Lu�g_f».% L H:P�r.¥Urff::�i<!ll,d,antj.�q�y ley;�. ��owed only 
ffi flfiYJjl :.R��.��- �)gn ft�tf P� �PP.Jlge� 9:Wrr�g t s,��yQyt,1�p, i •. • m�'V� y ,o��urrmg hµ�fietJung 
�?S 11?01) 1f?Hl;\9 •< ,J ·, _1,:1:Trm i , !1 iv1 ;.:! 1:11b1 ,• i b1,, •H it�r ; 111H '! •· .... 1• ·1:., • .Li ·111 ' 1;··,:i l: :.:;111: <" ·1·.1 
n IS »;fl� ,:f. ?iW"i-�9N ,'t(-�jc:- J' �J?P_Me�!g�,aN; c.�nff t,iQajµgisY.���w� JlT\E!i �l:\�difi.erS) · �Jfil;.eq�ntly contammate<;J J�r:e1.p11l?�1 ndi��1�t�qfl:if,n<3�. q HUftHdJi.1 PJ�mf..a 1 1"1-11c\, X.� :le�� te."high·q ·--·· concentrations of antigens which are distributed in the air of ventilated room resulting in the risk ,of, �qifilptJj.pqHC& o .rht���t t;Frf.<? ·,er>�] :.Jni; majqrity�of exposed ;peS)pJ�Jmay ;de.v.elop specific tg� antibodies to these antigens sf?�� #t�,V�l<;>p;im�pecificsY.r.npt�!!J-f>. �ti�ea� .tE-�-

--;:;M,'1�RJ�efe . pi��ur�.9�1 )1urp,tpj,�fFf. ¥rml 11��- ow-:·��A�Lf P -J1™i1f9ll0w-up,s_J;�1�y,��·�,in-,., ! • accordant;e with therf�.n.dirtg�, of , g, -�viou studies [1 !,.3 t,t] •r:fb.e load of m9u���ai�y.!l>el_Qw 
:- - ·-5Pi�Ft11�) 1100·0ran.aer0�ebaetena mos'tlfliero� J�om> c�/�2 i�,EE:Y:iQ.��Jy :rro_t!..: ; -

1 0�1edwit1Ytlierisks ·Of. unUair1erlurig: Tg anti�die�Jio�e · �r._i_ndfo:a_!e� oli�c�IJY 
:- , �-p�r�e���f�tig�? _w_o!IC��a��·exp§�_e. �uf!�e.£ fql�C?�-!!2_ ����s igatio�iU� ·?Q.' 'Wh�ther tl,je clm1c� mnocuousne s aTso refers to long�rm exposure. _ � _ -·- _2_1:• 1...!' 2-_.!. I----·. -1-· - - --- --::·--·-- --· . . - - -

t ·:. I! \>r - " - - - I - -- ·- ----- ·--··- - .. ---
- -��.�-::-111j I ,-t ;,j-,��J .. I,,;-:�,.��!�; 1 1/-p!l'i [,:•� . di. .!:1111i.li1:1J, ..1l!:J,•I ,,1·.·.,1, ;r Ii' 1 l: , ;'; 1•' 

AQJQ11.0W1LEDGE,MEN.f:S'i0 1.) . .', "Ir �A·w.·1: '.Jlf!1;!11 li· l1JA< • ·:. ·a·!;· ·:J .. "(1: d1111;1i ff • 

. •I'. 11111', ._,j1;1i:flll ·l 11:·;•1.··1� 
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