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Treatment of Chlamydia pneumoniae Infection in Adult 
Asthma: A Before-Mter Trial 
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Rnck~l~.aund.  Some diseases prc\.iously believed t o  be Rt-szrlts. Four patients with (,' p~zcu~noninc  respiratory 
noninfectious, cg,  peptic ~ ~ l c c r  disease, arc no\v trilct infection dc\icloped chronic asthma, \\~hich dis- 
lino\\,n t o  be c'lused by chronic infection. Recently, appeal-ed after treatment in each case. O f  the relnain- 
chronic C:l~lat/~?~dia pnez17no~ziai. infection has been ing 4 2  s~roreact ivc  patients \\.llo \yere treated 3 mean 
suggested as a cause for ~ d ~ ~ l t - o n s e t  asthma. T h e  ~ L I I - -  o f  6 yc:lrs aher  the dcvclopment o f  cllronic ast]lmJ, 
pose o f  this study \vas t o  determine \ \7hetl~er anti- half had  eitller colnplete remission Or major clini- 
chl,lrn).dial treatment \ V O L I I ~  affect the n a t ~ ~ r a l  history i m p r O \ , c m e n t  13 ,Ind 1 8  patients, respecti\,ely), 
o f  this disease. This improvc~ncnt  \\'as s i~ni f ic~lnt ly  more likel!, t o  oc- 

~ ~ t h ~ ) d ~ ~ ,  A,, open-labcl, beforePclftcr trial C L I ~  in patients \\it11 earl!. discasc ( F . 0 1 )  and before 

i n  a c o m m L l n i t y . ~ a s ~ ,  p r i m a r y  care t l~cdcve lopmen t  o f  fixed obstruction (1'<.01). 

office. Forty-sin patients (mean age 4 7 . 7  !,cars; range ~ ~ ) ~ ~ ~ ~ ~ ~ i ~ ) ~ ~ ~ ,  ~ ~ ~ i ~ i ~ ~ ~ , h i ~ l  t~ lerapy 
1 7  t o  781 \ \~i th moderate t o  moderately severe, stable, 

~ ~ c 1 1 1 - c 7 1  o r  signific:lntl!. improve ~ ~ s t h m a  in approni- 
chronic asthlna nrere treated a median of  4 \\,eelis 1113teIy One of and response 
(range 3 t o  9 )  with oral dos!~cycline ( I 0 0  m g  t~vise  pattern was consistent \vith chlamydi~ll pathogenesis. 
daily), azithrom!.cin ( 1 0 0 0  m g  once weelily), or C pnez,tmo?rine infection in asthma may be clinically 
erythromycin ( 1 0 0 0  m g  daily). l'ost-treatment p ~ ~ l -  irnport;lnt ancl s h o ~ ~ l d  he in\.estigatcd f i~r ther .  
monary function 2nd 3sthma symptoms \\,ere c o n -  
pared nit11 baseline values. Fo l lo \v -LL~  was an ;l\.erage I@ I V O I - ~ J ~ .  CJ~lnnz?dia p7le~1tilonine, asthm~l, bronchitis, :In- 
o f  6 months  (range 1 . 5  t o  3 6 )  post- treatment.  tibiotic thcrpy.  ( J  Fam P7,act 1995; 41:34.5-351) 
p~ -pp~ -- -- - - ~p 

Asthma is a common, chronic intlammatory condition of 
the airways \\,hose causes are not completely ~ l n d c r s t o o d . ~  
There appears to  be a heritable component in asthma, but 
the principal determinants o f  asthm:] prev,llence are un- 
kn0n.n environmental f.lctors.2 ltccognition that the 
pathogenesis of asthma invol\res chronic inflamm,ltion has 
Icd to  r eco~nrncnd~ l t io~~s  for antiinfla~nmatory t r e a t m e ~ ~ t . ~  
1,ittle is linown, however, about cnvironn~ental factors 
that may initiate o r  promote the inflammation responsible 
for a s t h m ~  symptoms. 

Recent discoveries implicating 17acteria in conditions 

such as peptic ~llccr disease (Hclicobnctr~ plol-i) and 
chronic :lrthritis resembling rheilmatoid arthritis (Rorre- 
lia bziydoYfE1.i1 1111ve led t o  increasing acceptance of the 
concept that a microbial cause \\,ill be found for man!, 
chronic inflammato~y cliscascs of pre\.ic~)i~sly ~~nl ino\vn or -  
igin.+ ltegarding asthmil specifically, Smith?ccently hy- 
pothesized that 'In infectious component esplili~le~l the 
epidemiologic ,~ssociations of atopy a11c1 \ ~ a r i o ~ ~ s  ti)rnis of  
,lsthrna. It is generally recognized that viral infections 
often exacerbate established asthma,(> ,lnd thcrc is specu~ 
lation t h ~ t  viral respil-atot?. infections may be associated 
with the subsecluent development of a s t h ~ l ~ a , ~  but a role 
for respiratory infection as a11 i i i i t i~tor o r  promoter has 
not been definitively es tabl i s l~ed.~  Recently, attention has 
bccn directed t o  proposed models of  initiation and pro- 
mot1011 of ~ s t l ~ m a  follo\ving viral respirato~-\. tract infcc- 
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tions, including respiratol-y s!.ncyti.ll \.irus (inf'llit b ron-  
chiolitis)?lnd pel-sistent ,ideno\.ir,il infcct io~i  (chi ldhood 
asthma)." 

N o ~ i \ i r a l  rcspir,lto~-y pathogens including MILO- 
p l n s ~ ~ z n  pfi~-rtwiorcine,lO.~ ( (:hlnvuydin t?.ncl~otnntis, l2.l3 and 
(,'hlnnr?dia pfzczi?~iorzinel~ ha\.c nlso bccn associated 
\\,it11 possiiblc illitintion ,und pl.omotion o f  'xstl~rna in both 
cllildrcn . ~ n d  a c l ~ ~ l t s .  LVeiss et  ,111' h u n c i  th'lt o n e  third o f  
childrcn d c \ ~ l o p c c t  asthmn 7 t o  S !!ears after I~ospit,iliza- 
tion for cIil,~mydi,ll p n e u r n o l ~ i , ~  o f  infuic!,. licccntl!., 
Ea\xitl-clli e t  JII.' c~llturecl (,' t~~[zcI~ovrrltis from a g r o ~ ~ p  o f  
astli~natic cliildrcn and presentcci eviclcnce suggesting 
that they \\,ere chronicall!, infested since birth. Emrc c t  
~1~~~ s ~ ~ l t ~ ~ l - e d  ( , ' ~ ~ L L ~ U I I Z O ~ I Z ' ~ C  h o n l  i~i~icr-cit!; children ciur- 
ing ast11m.l c x ~ ~ c e r b ~ t i o ~ i s  'lncl reported that  asthma im-  
pro\,cd \\,lien (: pnczitfzoninc \\.as craclicatcd ~ H c r  treat- 
ment;  o n e  o f  these culturc-positi\,e children prcsentccl 
\\.it11 asthma for the first t ime.  Using a sensiti\,e pol!!- 
mcl-ase chain I-c.iction test, <:unningli;im c t  all' f o c ~ ~ t d  
c\.idencc for chronic (,'pt~~,zrliioflint, i~lfectioll  in 46 .9% o f  
cl~i ldrcn \vith asthma ti)llo\\,cd prospecti\~cl!,. 

Associ~ltions hct\\ ,ccn (,' pnr i t t~~o~r i r rz  ,uitibocl!, t~itcrs 
iind aciult asthma Ii,i\,c nlso bccn ~ i o t c c i , l ~ ~ l ~ ~ ~ ~  ,ind it h;ls 
bccn suggcstcci t l i ~ t  these 07pt1cu1i10~1inc .intibod!, titers, 
a l though n o t  diilgnostic o f  clil:lm!~ciial infection b!, 
present criteria, In,l!, rep!-cscnt acute reinfection o r  o n g o -  
ing chronic infection.14 Since it is important  t o  Itno\\, 
\ \~Iicther ,~pprop~.i,i tc tre.ltniclit o f  O'p~iczif~~ofriize inkc t ion  
in ast1im:l \ \ . i l l  Iliisten I - c s o l ~ ~ t i o n  o f  t h e  nssociatcd ,lir\\.a!, 
ir~.itabilit!;,'" I tl.catcd suspcctcci ( , 'pplr t~~~rot i ine infection 
mid d o c ~ ~ m c ~ ~ t c d  c l~~ungcs  in s!,rnptoms :lnd p~r lmonary  
fillistion fix '11-1 ,l\~cr-;lgc o f  6 months  ,ltYcr t reatment .  

Methods 

Bet\\ .ccl~ 1989  and 1 9 9 4 ,  stud!, s~rbjccts  \\,ere r c c r ~ ~ i t c d  
ti-om 3 fillnil!. pr,icticc o f icc  afili ,~tcd \\,it11 a ~nult is i tc ,  
m~~lt ispcci~l t ! .  g roup  pi-~ictice. Fl'lic pr,~cticc is loc:ltcd in 11 

micisized mid\\~cstcrn sit!, \\.hose population is mostl!. 
\\.hite .lnd middle cl,~ss. 

I',~ticnts \ \ rc~.c  eligible if the!, i I ) h:id moclcrutc t o  moder -  
~tcl!, se\.crc, st:lblc, c I ~ ~ - o ~ i i c  c ~ ~ t l i ~ l l a  s!.liipto~iis fin- at least 
3 m o ~ i t h s  prior t o  trc.ltmcnt, ( 2 )  Inet All1cric:ln T l ~ o r ~ l c i c  
Societ! criteria for rc\,ersiblc  air\\,,^! ohs t1 .~1c t ion ,2~~ ( 3 ) 
\\,ere ~ i o t  dcperldcnt o n  d'lil!~ or.il stcroicis, ,i~ici ( 4  ) \\.ere 
no t  in the  : i c ~ ~ t c  pli.isc o f  ,in asthma esilccrbatio~i,  ic, I i ~ d  
st;lble b,lscli~ic~ s!,rnptoms q a i n s t  \\.liich post- t rcnt~i icnt  

changes co~11d be relinbl!, assessed. Alodcratc asthlllatics 
\\!ere dcfi~ied as those \\.ith t1j.o o r  more  s!~mptomatic 
cpisodcs per \\.eel< \\,lie reported nocturnal s!zmptoms 'lnd 
t!,pical triggers, such ,IS exercise o r  en\ i ronrncnt ,~l  expo- 
sures. iClocieratcl!, se\.erc asthmatics \\.ere tiiose \\,ith a 
histor!, o f  pre\,ious oral steroid bursts, prc\rious hospital 
,ldmissio~ls for tre'ltmcnt, 01- b o t h .  These definitions rc- 
semblc those o f  the  N'ltional ,-\sthma Education 1"lnel 
(NAEl') ~ ~ i i d e l i n c a : ~  I'aticnts meet ing N A E P  c~.iteri:l for 
mild asthma (less tlinn t\\ .o s!rmptomatic cpisodcs per 
\\,cclt, no b:lsclinc ahnormalitics in p~~lrnon:lr!~ fi~llction, 
o r  b o t h )  \\.c~.c c\cluded because lael< o f  a \\.ell-defncd 
b a s e l i ~ ~ c  precluded intcrpl-ctatio~i in this bcfi)re-lifter trial. 

Prctre,itmcnt scl-ologic testing for pol!,\,alcnt (misture o f  
IghZ, IgC;, IgA) .~ntibod!r t o  C,' p ~ ~ c z l i @ o ~ ~ i n c  \\,as l x r -  
formed using the rnic~.oirnrn~~nofl~roresccncc (MIE') test 
~le\ ,c lopcd b!. \V,ung ;lnJ C;ra!,ston2' anti clescribed 1xa. i -  
ousl!r.14 Scroreactiiit!. \\.as defined as a pol!,\-nlcnt RilIF 
titer o f  1 : 1 6  o r  gre.ltcr. 

Eligible patients \\,ere prescribed .inticlilam!di;ll .intimi- 
crohi,ll tlicrap!, p~-o\ icl ins  the!. ( 1 )  \\-c~.c serorcflctivc t o  
(:p~irrt~ilotlinr., ( 2 )  \\,ere \\'illing t o  ;lcccpt empiric tlicr~p!,, 
and  ( 3 )  llad no contraindicat io~i  t o  prolonscd al i t i~nic~-o-  
b i d  ,idministration. 

Empiric tlier,~p!. co~isis ted o f  dox!.c!~slinc, 1 0 0  m g  
t\\.icc d~lil!., ,izitl~rom!.cin 1 0 0 0  m g  once \\,eekl!z, o r  crytli- 
rom\.cin 1 0 0 0  m g  Jail!' for 3 t o  9 \\.cclts. ~L'licsc ,untibiotics 
\\,ere chosen b:lsed o n  in  i it^-o s~~sccptibilti!. data." 1)~lr:l- 
t ion oftlicr,~p!r \\,as h:iscd oli prel ious clinical ohscr\,ations 
th.lt p e r ~ ~ i a ~ ~ c ~ i t  re~i l iss io~is  ill ilstli~ii:~ rcq~iired 3 \\ eclis o r  
Illore o f  t re3 t l l l e l l t .~ .  l4 

Patients \\,ere i ~ ~ f ( ~ ) r m c d  o f  the cmpiric r i ~ t u r e  of  tile 
tliclap!.. The!, \\,ere told that it rcprescntcd ,111 unap-  
proved indic:ltior~ for 3pl)ro\.cd Ll~ i t iL io t ie~  likcl!~ t o  1~ 
ctfecti\zc  g gain st 3 slilLum!~dial infection if one  \\.ere 
present. To mitigate expectation hias, p,lticnts \\,ere ~ i o t  
informed o f  the  time course for impro\ ,cment  reportwd h!. 
other  patielits. All p.ltients pro\.idcd \,erh,ll consent prior 
t o  trciltniciit. 

O u t c o m e  m c a s ~ ~ r c s  \\,ere ( 1 ) i l~: lnge i l l  pulnionar!, f i ~ n c -  
t ion,  a ~ i d  ( 2 )  ch:l~ige in ~ ~ s t l i r n : ~  s!,mptoms, using prctrc'lt- 
merit p~lrno~i:lr!, fi~liction '~lici s!mptoms ,IS baseli~ic. 



(: ~rzeuraorrint. Infection in Adult Asthma 

Statistical Tes t iv  

Change in p~1ln1onat-y f i~nction is reported as the rclati\,c 
percent change in FEV, (forced expiratory \ ,o lun~e in 1 
seconcl) after empiric treatment, calculated as: 

100 X ( p o ~ t - t r e ~ ~ t ~ m e n t  FEV, - pretreatment FE\',)/ 
pretreatment F H T I  

lkgrces of chronic obstructi\v pu lmona i~  disease (C:OPl)) 
\\.ere classified as "none," "mild," "moderate t o  moder- 
ately se\rere," and "se\rere t o  very sc\crc," according t o  
published American Thoracic Society (ATS) 

(:linical impro\ .erne~~t L V ~ S  ~ i l e ~ s ~ ~ r e d  by ;111 ad hoc patient 
global impro\.cmcnt ( P G I )  scorc based on an ordinal scale 
ranging from 0 t o  ? 4 .  Scores reflected o \ ~ - a l l  impro\re- 
ment or  \\.orscning i l l  p o s t - t r e ~ t n ~ e n t  asthma symptoms 
and medication use as compared \\.it11 pretreatment base- 
line: 0 ( ~ ~ n c h a n g e d ) ;  I (minimal improvement); 2 (mod-  
est irnpro\.cment); 3 (major inlpro\,ement); and 4 (com- 
plete inlpro\~cmcnt). Analogous negati\c ordin'il values 
were recorded for patients reporting post-tl-eatment 
\vorscning. In malting the o\~crall assessment, paticnts 
\\.ere instructed t o  consider four symptom areas: ( I ) noc- 
t ~ ~ r n a l  \\.liecze, dyspnca, and inhaler use, ( 2 )  daytime 
\\~hccze '11id dyspnea, ( 3 )  daytime inhaler LISC, kind ( 4 )  
exercise-induced symptoms (\\,hen present). For man!! 
patients '1 separ'ltc ordinal \.aluc \\Ias also recorded for each 
of the f o ~ ~ r  subscales; ho\\/e\.cr, only the o\~crall PGI scorc 
\\,as ~uni\~crsally recorded because of significant (P<.01 ) 
correlations r'lnging from .75 to  .90 het\veen the four 
subscales and the o\,c~.all scorc. PGI scores \Irere obtained 
at p c ) ~ - t r e a t ~ n e n t  folio\\ u p  visits; the last reported \due 
\\/as used as the symptom outcome \,ari,~ble. Most subjects 
reporting major impro\~ement (l'GI score=3) also had 
clinically significant clccrcases in astlim,l tnedication use. 
All patients reporting complete impro\.ement (PGI  
score=4) d iscont in~~ed '111 nsthrn,~ mcdication. T~catment 
respondevs \\/ere defi ned as patients reporting a final PGI 
scorc of 3 or more. 

This trial made no restrictions on the in t rod~~c t ion  of n u \ .  
convention'll mti-asthma medications or on  the adminis- 
tl-ation of incre~sed doses of previously prescribed mcdi- 
c'ltions, 3s clinically required for control of  symptolns 
during the post-treatment observation period. Such 
changes in conventional therapy afect interpretation of 
results, and are referred to  as medicatior~ co~ l j )und i~y .  
Presence or absence of such confounding \\.as recorded, 
and outcomes \vcrc anal!.zcd separately fix tliose \ \ / i t h o ~ ~ t  
and \\rith confounding (Gro~ tps  1 and 2, respecti\~ely). 

L>ifcrcnces in the means of continuous \.,lri'~hles \\,ere 
assessed by ANOVA or t test. Fisher's exact test \\,as used 
to  analyze 2 x 2  contingency tables. A nonp~r'lmctric one- 
sample sign test \vas ~ ~ s e d  to  cstimate the signific'lncc of 
post-treatment inipro\~ement 111 median PGI scores. The 
Mann-Whitney U test \\;as used t o  an,ll!,zc g r o ~ ~ p  differ- 
ences in geometric mcan titer and ]'GI scores. Ordinal 
regression \\,as used to  an~l!.zc associations of (:OPD 
( 1 =none,  2=mild,  3=tnodcratc t o  moderately se\,crc, 
ancl 4=scvcrc to  \,erlr se\'ere) and PGI scorc. 

Results 
Fifty of the 5 1 eligihle patients accepted trcatnlent. This 
report includes results for 4 6  (90.2%) of the 51 eligible 
patients, and docs not  include results for three \ \ ho  \\,ere 
hllo\\,cd less than 6 \\,eelis post-treatment, one \vho failed 
t o  return for e\>aluation, and one \\.[lo \\,as not  ofercd 
treatment. The  median pol!r\~alent (,'pwcumo!/~iac titer  ti^ 
t l ~ c  4 6  study group patients \\,as 1 : 128 ( 1 : 16, t\\,o pa- 
tients; I :32,  six paticnts; l :64, t\\.el\.e p'ltients; l : 128, 
thirteen patients; 1 :256, ninc paticnts ~ l n d  1 :5 12, four 
patients). 

The  median duration ofantichlam!~dial ,lntimicrohi~l 
therapy \\.as 4 \\reelis. Three \\,eelis and six \\,ccks of treat- 
11lcnt \vcrc most common ( I 7  patients each). T\\,cnty- 
ninc paticnts \\,ere treated \\.it11 azithromycin, 1 6  recci\rcd 
doxyc!.cline, and one patient \\.as prescribed e~-ythron~!,- 
cin. Mean post-treatment follo\\.-up \\.as 6 .4  months (me- 
dian 4.75 months, range I .5 to 36) .  Gastointestinal upset 
resulted 111 premature cl iscontin~~atio~i of therapy in t\\.o 
p'ltients (one  I-ecei\-ing azithromycin and one recei\ing 
dosycycline). Some patients reported loose stools for 1 
day follo\ving administi-ation of a~itliromycin, but this 
mild side cfcct  clicl not  alter trexment.  N o  other ad\,crsc 
eEects \\.ere noted. 

Pzilvczona~~y Fa~nctinn Results 

For the entire treated group, basclinc FEV, a\.craged 2.32 
liters (range 0.78 to  4 .3) ,  representing a mcan pel-centage 
of predicted value of 67 .8% (range 31'% to  96'Xl). Post- 
tre'ltlnent pulmonary fi~nction results \vcrc  ailabl able for 
4 2  (91 .3%)  tre'lted patients. l'ost-treatment mcan FEV, 
incrc'isccl 12.5'%, (95'X confidence inter\xl [CI], 4.6'X) t o  
20.3%; 1'=.003 compared \\.ittl basclinc \,alucs). 

For Croup I patients (\vithout medication con- 
founding, n = 3 0  ), pulmonary fi~nction impro\.emcnt cor- 
related significantl! \\;it11 PGI scorc iR=.42,  1'= .03),  and 
mean impro\rement in FEV, \ v ~ s  signitic'intly greater for 
responders than for nonresponders (270 m L  vs 2 mL, 

-- 
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C p ~ ~ e z t ~ ~ ~ o ~ z i ~ z e  Infection ~n .Adult .Asthma H.ihn 

. l s r l l~n .~  ilinii.>l ih.ir.ictcristics 
Age .lr tir\r ~rcportcd symptolils, 1mc.ui v r  ( S l l )  
11~1r.irion ot ' , l \ rhm~ \ymptoms at trcJtmcnt,  mc.ln yrs ( S l l )  
I ~ i i t ~ a l  sympt<rm\ ~ s s o c i ~ t c c l  \\it11 rcspir.ltor! Infection, 'K, 
( : l ~ ~ > ~ i . i l  ~ I . I ~ I ~ O S I \ ,  '%, 

A\tl3111.1 
Acth~n.> \ \ . ~ t h  ihronic  dir\v~! ohst ruct io~i  

hlidic.ition .lt rime o f  trc.ltmc~it, 'X j  

Inh.>lcd .~ll>urcrol 
Inli'~lcd \tcroiJ 
Inli.llcd ipr . l t ropi~~~i i  
7fhcopliyllinc 

1'1.ctre.ltmcnt pulmon.lry f i ~ n c t ~ o l l  
l'rchroncliod~l.ito~- I-l-.\', , 

hlc,ui litel-s ( S l l )  2 3 ( 8 5 )  2 . 3  ( . 8 1 )  2 .3  ( . 91 )  S S  
hlc.ln '%, prcdictcd ( S l l  j 67 .8  ( 16.5)  71 .3  (16 .7 )  63.6  ( 1 5 . 6 )  NS 

l k s t  t‘l-.\',/t‘\'C, mc.in ( S l l )  71  l ( l l . 9 )  75.2  (10 .5 )  66.1 (11 .8 )  , 0 0 8  
( ,%~ ln t l i I ' d i n  p i ~ c i ~ r i ~ o ~ ~ t n c  gco11ic11-ic titcr$ 

~ 

105 2 128.0  8.3.3 
-- 

NS 

' ( , ' / i i r ~c i i /  i . i .~pon~c in tqpor i i .~  nrc bn!r.rf oii (7 /u7t1~ : i t l r /o l~ i i l  z i i i /~ i -o~ ' (  i l i i . i i t  ( l ' ( ; l l  >( t ~ i  1 .  I . I .~/L. I  t i i ! ~ p l l t ~ ~ ~ ~ i t - i . ~ ~ ~ ~ ~ i ~ t ~ ~ d  J I I I I ~ - t i . ~ ' f ~ t i i ~ c ~ i t  r / z ~ ~ z c n /  ~ ~ i l J i r O l ~ ~ ~ i ~ i ! ~ ? i t  i7f.fi1111111~~~ ( I =  1111 ~ / I L I P ( I ~ ~ ~ ~ ~ ~ I I P ~ ~  

~lt1J~~/Zil~',  l ~ l i 2 l l l i l l l l 1 /  ~ l l l ~ i ~ l l l ' ~ ~ ? i i ~ ~ i l t ,  2- iilO,f<'l-i7t~ l l i l / l l ~ ~ l l ~ ~ ~ i ~ l ~ ~ 7 l t ,  ~=111~7/~1i' l J i l / J l ~ ~ ~ l ~ ~ ~ i i l ~ ~ i i ~ ,  11PiIf 4- '~l lP~lp/~.t~' l l i l ~ r l l l ' ~ ~ i i i ~ ~ P l ~ .  1 ~ ~ ~ ~ ~ 0 1 1 ~ ~ ~ ~ s  11VC If~.fiil~.If as t/llls~. ll'/lll r ~ . / ~ ~ ~ ~ , t e I f ~ f i ~ i i ~ /  

J l~ l~ / -L i .~ 'n t t i l ~ ' i l t  1'(;/ ~rlii.K? ,!,f',? ( . ~ ~ l J ~ l l , $ ~ ~ l i l t  C1-<.11?< I l l  ~ 7 ~ t / l i l l n  ~ l~ l7 i / l t ~ i l J l~  t i l id  /I \<' ~ l / ' / l l  ~ l i i ~ / l o ~ ~ l / l l t l l l ~ ~ ,  l ~ ~ / l n t l ! ' l l t i ~  l lY4 ( ! ~ l l l l l ~ / ~ ' t ~ '  d l~~nJ l / l ! ' n r l l i l ! ~~ '  l ! f ' ~ l ~ t / ~ l i l n  ~ l ' i i i / l t l l i i 7~~ l7 l~d  i lO / i l ?~ t /~ ! ' i .  

l l ~ ~ ~ l ~ / ' l ~ ~ ~ t / ~ l i l l l  i i l ~ ~ l f i ~ ~ l l t l l l ? l ~ ,  ~ / l n t l c 7 i t !  1 No111 c ~ ~ ~ l ~ l l ~ ~ c ~ ~  ~ ~ ~ / l l l l ~ t ~ ' d  / l i ln /  / ~ l J $ l  ~ / I ' ~ ~ ' l / i i i ~  111 l '< ; /  >, lil'!'.r /L'J>. t/Jll?l .? (/'(;I !cl l i .c=~, .? ~ l l l t l ! ~ l i t . ~ ;  /'(;I Sclii,!'= 1, 4 Jlntz!'llt3, l ' ( ; l  >.COl"('= 0 lI?~/c'J3, 

12 / ~ t i t z c i ~ t ~ j  

~ ~ < ~ C I I I . I I C I I ~ ~ J ~ .  11114, 44 pntrclitr. 

#(hi,.  or ii1ni.c j i i ~ r i t i ~ ~ r  i1:lii t c s t i  i?iri7111\1 n / > I I ~ I , . I ~ '  ti/ i o i i i i ~ i ~ i i  I I L .~O~I / /L . I :~T I~ \  I'L I . / O I . ~ I I ~ . ~  i ~ i  21 P I Z ~ I C P I ~ . ~ .  
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respecti\,ely; P<.05) .  Group 2 patients (with medication 
confounding, 11= 16) had a correlation of similar magni- 
tude ( R = . 4 3 )  that did not  achieve statistical significance 
11'>.05). 

Paticr~t (;lobnl Improz)cment Results 

For thc trcatcci groLIp as a \vholc, the median post-treat- 
went 1'GI score \vas + 3  (range -2.5 t o  4 ,  P <.001 
comp,~red \\.it11 baseline values). The  PGI scorc \vas not  
normall!, distributed, tending t o  cluster bet~veen + 3  t o  
+4  (major to  complete clinical response, n=2S)  ancl 
around 0 (little o r  n o  clinical response, n = 2 1  ). There uras 
no  signiticant difcrence (P>.OS) in the median 1'GI 
scores for patient groups receiving dos~rc!.clinc o r  azithro- 
mycin. 

Table 1 presents bascline patient characteristics for 
the treatment group as J ~ + ~ h o I e  and compares treat- 
ment responders (PGI  scores 2 3 )  wit11 nonresponders 

(PGI  scores < 3 ) .  Comp,ircd with nonresponders, re- 
spondcrs reported a shorter duration of symptomatic 
asthma (3 .1  vs 8 . 3  years, P<.01)  ancl had a higher 
FEV, t o  forced vital capacity (FVC) ratio (75 .2  vs 66 .1 ,  
1'<.01). Responders tended t o  be older than nonre- 
sponders when asthma first became sympto~llatic, re- 
ported morc frccluently t l ~ a t  initial ~ s t h r n a  sylnptolns 
began after respiratory infections, and had highcr 
C p~leu~woniae pol!.\nlc.nt titer I G M T ) ,  but these ciif- 
ferences were not  statistic;iII\, significant. There \\.ere no  
significant differences t>ct\vc.cn responders anci nonrc- 
sponders in current age, sex, smoliing,  top!' JS  meJ-  
surcd hy ski11 testinp, use of anti-.lstIim,l mecticatio~~s 
o ther  than inhaleci stel.oicls, o r  FEV, Icvcls bcfi~rc trc,lt- 
ment  u i t h  broncliodilators. Nonresponders had highcr 
freque~lc!. use o f  previousl!~ prescribed inhaled steroids 
(62% vs 24%,  X . 0 2 ) .  

Group 1 (,\\.ithout m e d i c a t i o ~  confounding) 11.1d 'I 

median post-treatment PGI score of + 3  (range -2 .5  t o  

- - 

'[he Journal of Family l'rc~cticc, Vol. 41, No. 4(0ct ) ,  1995 



C prreumor~iur Infection in Ad~rlt Asthma 
- 

IHahn 

00000. 

O i 
Rcsltlts by C O M I  Cntcrcqoq 

000.. O.1 • Ordinal regression o n  COP1) catcgor!, slio\\.ed that in- 

00 
creasing degrees of fixed obstruction \\,ere positi\,cl!, asso- 
ciated \v i t l~  age ( I>= , 0 0 5 )  and astlimn duration (P= .03) ,  

Complete 4 
improvement 

3 

w u 

:: 2 -  
- 
2 

and negati\lel!r ,1ssociLlted \\,it11 PGI score ( P =  , 0 0 3  ).  Fig- 
ure 2 illustrates the cl~~antitati\ ,e association bct\\.ccn a 
ciccreased liltliliood o f a  positive tre.itment response \\,ith 
incre,~sing amounts  o f  fixed o b s t r ~ ~ c t i o n .  

- 

- 

NO 
improvement 0 

1 ,  

Baseline 2-4 6-8 1 O+ 

N U M B E R  OF WEEKS POST-THERAPY INITIATION 

F i g ~ ~ r c  1 .  Tinic c o ~ ~ r s e  for sy~ilpto~llatic inlpro\.c111~1lt i l l  astli~lla 
pLiticnts \\,ho responded to anticlilamydi~l antimicrol~ial therap), 
and \\.ho did not ~c ld  or inel-case con\,cntion:ll anti-nstli~n~i mcd- 
ic~tions aftcr antichlam!~dial antimicrobial thcrap!; (\\;ithout 
mc.dic.irion confounding). Y-:isis: Astlim.i impro\.cmcllt ( O = n o  
chnngc fron~ baseline, 1 =i~iini~ual impro\rcmcnt, 2=1no~lcratc 
impro\~c~iiait,  3 = m ~ j o r  impl-ovcmcnt, ,111dd 4=complctc i n -  
pro\.cnlcnt ) .  Treatlrrcv~t rc.i~~o;,ol~dc?~ sho\\,n in this figure repol-tcd 
final po"-tc'cxnicnt patic~lt glol>,ll imp~.o\~cmcnt (PGI) scores of 
3 (significant dccrcasc in .isthma symptoms and use of hron- 
cliodilators) or 4 (complctc dis<~ppc.lrar~cc o f  .isthmn symptoms 
and n o  fi~~.rhcr LISC of  asthma medications). X-axis: Numhcr o f  
\\,ccks post-therap!. initiation. Closcci cil-clcs dcsign.itc c~~lt i l rc-  
positive p~ticnts  or patients \\,it11 .~ntibody mccting critcria for 
acute infection. Opcn circles designate culture-ncgati\,c XI-o- 
rc;icti\.c p~tie11ts \ \ i t l l o~~ t  a e ~ ~ t e  ~~l t ihod\ . .  Vertical bars dcnorc 
f 1 standal-LI dc\i.ltion ti-om tlic mcdn. 

4, P< .00  1 con i l~a r ed  \\.it11 hascline \.slues). T h e  median 
score for (;TOLIP 2 (\\,it11 ~ ~ i c d i c a t i o ~ i  c o ~ l f o ~ ~ ~ i c l i ~ l g )  \vas 
+2 ( range  -2 t o  3 .5 ,  P< .001  compared  \vitli baseline 
values). T h e  median 1'GI score for G r o u p  1 \%,:IS s i p i f -  
icantl!~ (P -  .Ol ) greater  than tha t  o f  G r o u p  2 .  G r c ~ n ~ p  1 
contained significantl!7 ( P = . 0 3 )  more  responders  
(67'X) than d id  G r o u p  2 ( 3 1 % ) ;  ic, responders L I S L I . ~ ~ ~ ~  

did no t  need addi t io l~a l  medicat ion,  rather  the!' d c -  
creased it  o r  discontinued it altogether. 

Time Cou~se f u ~ p  Improvewccnt in Rcspondel~s 

R'hcn it occurred, the  positi\,e t reatment  response dcvcl- 
oped  in a stereotypical fc~sliion that  \\,as no t  related t o  the 
length o f  follow-LIP. Irnpro\remcnt in responclcrs ~~suall!. 
began by 2 t o  4 ~vcclts after starting anticlilam\~dial anti- 
microbial treatment, and the  maximum thcr~lpeut i i  re- 
spc)lise "as noted 6 to  8 w.ecks aftcr treatment initia- 
tion (Figure l ) .  T h e  usunl first indication of  ,I positij~e 
response was an improvement in nocturnal symptoms. 
Some  responders have hnd appilrcnt asthma remissions 
lasting sc\.eral years post- t rcntn~cnt  \vitIiout season,ll cx- 
acerbations. 

C pneumoniae and Astl~ma I~zitintiovi 

Uefore de\,eloping chronic ;lsthrnn, a CI-itcrion for incl~i-  
sion in this stud!., ~ L I I -  patients \verc ii)llo\\,ed prospec- 
tively during episodes o f  acute asthmatic bronchitis, and 
all f o ~ ~ r  \\,ere f o ~ ~ n c i  t o  h,~\.e c\ idence o f  ( , 'pnezir~zor~inc 
infection, \zcrified b!, persistent cu l t~ l re  isolation in t\\.o 
, ~ n d  di.ig~iostic antibody titers in the ot11c1. t\\,o. Follo\\,ing 
treatment, all foul- paticnts cxpericncc~i norl~ializ,ltio~i o f  
p~111no11ary t i~nc t ion  dnd complete s!mptom rcn~ission. 

Discussion 

O f  the 46 scrorcacti\,c p.lticnts in thc treatment ~ I - O L I ~  

studied in this trial, eight had .~ntil>ocl!, titer lc\.els mccting 
criteria for a c ~ ~ t e  i l~fec t ion . '~  Whereas scrodiagnostic cri- 
teria for acute infection ,Ire gcncrall!. acccptcd,'\antihod!, 
titcr le\,cls in chronic (: put.ztwzorlinc infcction .ire oticn 
indist ing~~isl ial~lc from titcr Ic\.cls representing prc\.ious 
exposure i l l  the general p o p ~ ~ l , l t i o n . ' ~  This  trial, tlierefore, 
e ~ ~ r o l l c d  all scrorcacti\,c ,~sthrna patients meeting other  

N o n e  Mild Moderate Severe 

COPD CATEGORY 

F ig~~rc  2.  Rcsponsc to antiililam!~ciid anti~~~icrohi.~l therapy re- 
l ~ t c d  to the dcgrcc of chronii obstructi\c pulmonai! disease 
(COI'D) accomp.ln\ring the .~sthma   tot.^! stud!. group, 40 p.1- 
ticnts). Solid Ln~lr: I'crccntagc of paticnts rcsponcting to thcr.lk,\. 
(p.lticnt ~ loba l  improvcmcnt Il'GI I scol-c ' 3 ) .  Sl~ndcd Dnlrs: 
I'crccntagc of p,~ticnts not responding (PGI scores ,,'3). X-;lkis: 
A m o ~ ~ n t  of (:Ol'D aceompcin!~ins the at1im.l. 1' \.iluc for 
trend = ,004. 

- -- -- - - - - - -- -- -- 
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eligibility rccluireiiients and found that  54% appc,~red t o  
benefit from antichlamydial t reatment .  This  g r o u p  o f  
treatment responders i i~c ludcd  seven patients \\,it11 m o d -  
elate to moderately se\.erc asthma \\ho liad complete 
pos t - t rea tment  remissions, as defined by disappearance o f  
a11 asthma symptoms and  normalization o f  p u l m o n a q ~  
fiinction. O n e  o f  these patients has bcen follo\ved since 
1 9 8 8  and remains free o f  asthma. Because this was an 
uncontrolled, open-label trial subject t o  a number  o f  po-  
tential biases, it cannot  be concluded tha t  these rather 
dramatic r c s ~ ~ l t s  prove that  t reatment  o f  seroreactive asth- 
matics is efficacious. T h e  results do, lio\\.ever, support  the  
argunient that  clefiiiitive I-andomized, controlled, double-  
blinded trials sho~11d he carried o u t  as rapidl!. as possible, 
since, if these prelin~inary findings can be confiriiied, the  
benefit t o  patients could be great.  

Given the  lo\\, pre\~alence o f  spontaneo~is  remissions 
for a d ~ ~ l t  astlima, '~JVthc positi\:c responses documented  
in this s tudy arc ~ ~ n l i k c l y  t o  be attributable to chance. 
Placebo responses o r  patient and  physician bias are possi- 
ble explanations for some o f  the results o f  this Llncon- 
trolled o p e n  s t ~ ~ c l y ;  lio\\~e\.cr, it seems ~ ~ n l i k e l y  that  p'ltient 
o r  physician reporting bias c o ~ ~ l d  account  for  the persist- 
ing objecti\~c impro \~ements  in pulmonary f i~nc t ion .  No11- 
antibiotic effects o f  tlie antichlamydia1 agents chosen, 
such as a lnacrolidc "stet-oid-sparing" effect.2" aiter,ltions 
o f  theophylline i i ~ e t a b o l i s m ; ~ ~  o r  effects o n  inflammntol-y 
cell migratory f ~ ~ n c t i o n ; ~ ~  are also ~lnliliely explanations, 
since the study subjects \\,ere n o t  dependent  o n  steroids, 
less than o n e  third o f  responders used thcophyllinc, and 
irnlx-o\wncnt persisted long  after the  discontinuation o f  
therapy. A nonantibiotic c f e c t  persisting long  after dis- 
continuation o f t h e  antimicrobial cannot  be  excluded, b u t  
seems ~ ~ ~ ~ l i l r e l y ,  since asthma responded t o  t\\lo different 
classes o f  antibiotic. 

T h e  1'GI scorc used in this study was de\.cloped for 
its ease o f  use dur ing  tlie course o f  usual practice in a busy 
community-bc~sed primary care setting. T h e  association 
bet \ \~ecn pulrnona~? f i~i ict ion improvcinent a n d  PGI 
score noted in this s t ~ ~ d y  supports the  validity o f  the  I'GI 
score. Future controlled s t i~d ies  in\rol\,ing C pneztmoniae 
infection and asthma should employ additional quant i ta-  
ti\,, clinical and  sylnptom measures for asthma outcomes,  
\\$liich are a\,ailable and described elsc\\~here.3' 

A limited a n i o ~ ~ n t  o f  previo~ls  inforniatioli supports 
the  concept that (; pnez~mor~iae infection can cause 
asthma a n d  ma!. be quantitati\~ely important  t o  its origin. 
Case reports describing successfill antimicrobial treat- 
ment  o fas thma in adults \vho also liad confirmed Cpnrzi- 
~nonirrr infection ha\.e been p u b l i s I ~ e d . * ~ ~ ~ " . ~ ~ . ~  Inad\,ertent 
(; p~zeumo~~iae infection o f  a laboratory \\zorlier has re- 
sulted in ,~stlima (personal con~munica t ion ,  l l r  Pelilia 
Saikku, Helsinki, Finland, 1 9 9 2 ) .  Emrc e t  all" recently 

reported t reatment  results in 1 2  children \\lith a s t h l n ~  
w h o  also had culture-proven C pnelw~oniae infection. 
C:hlamydiu pr~eumofziue was eradicated from a11 1 2  chil- 
dren,  nine o f  wlioln had symptomatic and  laboratory inl- 
pro\rement o f  asthma. Positive results were more corn- 
moil in patients wit11 lnilder disease.'" Using a sensitive 
polylnerase chain reaction (PCR)  test, Cunningham ct  
alli found e\,idence o f  chronic Cpneztnloniae infection in 
46.9% o f  96 ,~stliinatic children in a co~ninunity-based 
prospccti\,e cohor t  study. Serocpidemiologic studies also 
suggest a quaiititati\rely important  association o f  (:pl~eu- 
nln7ziae infcction \\lit11 adult-onset asthma, as C pnezt- 
mnniue scroreactivity has been f o ~ ~ i i d  in 8 5 %  t o  100% o f  
patients reporting astlima onset after age 40.14,1"34 

Recognition o f  bacterial causation for cl~roiiic ill- 
nesses once believed t o  have a nonbactcrial source, such as 
peptic ulcer disease, t h e  liemol!~tic-~irc~i~ic syndrome, and 
cat-scratch dise'lse, was delayed because o f  factors such as 
thstidious gro\\rth churacteristics, ~~ncs tab l i shcd  biological 
mech~nis lns ,  lo\\ bacterial concentrations, uncommon 
sequelae o f  c o m m o n  i~lfections, and  the po\vel- o f  d o g -  
ma." 111ability t o  uniforml!l culture chlamydiae from in- 
flammatory target tissue is a cliaractcristic o f  established 
chlamydial diseases, including trachoma3%and tuba1 infer- 
tility."" A nonculti\~atable form o f  chlamydiae, indicated 
by persisting chl.imydia1 13NA detected by in  sit^ hybrid- 
ization in f i ~ l l o p i ~ ~ n  t u b e  tissue o f  infertile \\lomen": o r  by 
PCR in conjuncti\,nl tissue o f  t rac l~oma patie~~ts,~"as 
been dcmonst tated recentl~l.  In  the stud!, population re- 
ported here, (: pnez~moniue \vas cultivated from t\vo o f  
four  patients \\fit11 acute \ \ f l~eezing illness that  de\!cloped 
in to  asthma, b u t  fi-om only o n e  o f  1 5  p ~ t i c n t s  \\lit11 cstab- 
lisheci chronic asthma for whorn cult~lt-es were obtained.  
Bronchoscopic sampling o f  asthmatic lungs for evidence 
o f  chlamydiae \ \ j o ~ ~ l d  appear t o  be warranted in f i ~ t u r e  
studies. 

A \\!ell-described characteristic o f  chronic in f lamn~a-  
tory diseases caused by (: tvncl~omatis infection is the  
dc\ /elopment  o f  imn~uiiopatl~ologic-mediated irre\,crsible 
inf1am1nato1-y damage in target t i s s ~ ~ c s  related t o  disease 
clironicity.3" I t  is tempting,  thcrefc)rc, t o  speculate a b o u t  
t h e  superior therapeutic responses in recently symptom- 
  tic asthma beforc cie\.elopment o f  COPD, as was found 
in this study. I t  is conceivable that a narrow "\\,indow o f  
opportunity" exists Ivherein anticlilam!,dial therapy may 
eliminate the pathogen before irreversible inflamnlatory 
damage, \vIiich is a p e r p e t u ~ t i n g  cause o f  asthma, is pro-  
d ~ ~ c c d  by chlamydia1 infection \\,ithi11 the  asthin,~tic lung.  
Confirmation o f  this hypothesis must  a\\,ait the  t-esults o f  
future studies, which arc o f  high priority given tlie mag- 
nitude o f  asthma's contr ibut ion t o  respiratory morbidity. 
In  the  meantime, rccomiiicndations for o r  against anti- 
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