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Introduction
Asthma is a chronic respiratory condition of uncertain etiology and often multifactorial that is characterized by chronic bronchial inflammation and airway
hyperreactivity that result in episodes of reversible airway obstruction usually
manifested as symptoms of cough, shortness of breath and wheeze triggered by a
variety of stimuli [I]. Earlier in this century it was generally believed that focal
infections were one cause of asthma [2].Nowadays most experts believe that asthma is exclusively a noninfectious inflammatory lung condition, although a role for
viral infections as triggers of asthma exacerbations is widely acknowledged [I].
The current belief in an exclusively noninfectious cause for asthma is based in
part on the lack of effectiveness, in producing longlasting asthma remissions, of
antibiotic treatment of conventional respiratory pathogens. Recent evidence suggests a causal role for the atypical respiratory pathogen, Chlamydia pneumoniae,
in the initiation, exacerbation and promotion of asthma [3]. Eradication of this
organism from the respiratory tract is difficult and often requires longer than
conventional courses of specific antichlamydial antibiotics. It is not likely that
antibiotic treatment directed against traditional pyogenic bacteria would eradicate C. pneumoniae.

Asthma Epidemiology
Asthma symptoms are present in children and adults worldwide with great variation in prevalence ranging from a few percent in nonindustrialized, rural countries to over 25% in some industrialized nations [4]. Also, asthma prevalence
appears to be increasing worldwide [5]. Neither the presence of classic atopy
(eczema, allergic rhinoconjunctivitis) [4] nor traditional environmental risk factors (such as air pollution) can explain the wide variations in prevalence between
countries or the temporal trends [6]. Many studies have associated antecedent
respiratory illnesses (mainly bronchitis and pneumonia) with the development of
asthma 171. Most experts have not considered these associations as evidence that
infections can initiate asthma. Instead, interpretations have included: (1) the

Historical cohort studies on stored sera have demonstrated that up to 70% of
seroconversions do not result in documented illness [9]. Thus, most acute infections go unrecognized. C. pneumoniae nevertheless accounts for approximately
5% of acute bronchitis and 10% of community-acquired pneumonia [9]. C. pneumoniae respiratory infection may also result in pharyngitis, laryngitis, otitis
media and sinusitis that often accompany symptoms of lower respiratory tract
infection. These illnesses may be persistent and poorly responsive to appropriate
antibiotic therapy (10-121. The association of C. pneumoniae with persistent respiratory problems is consistent with the known propensity for Chlamydia species
to produce chronic infection in target organs and supports the plausibility of the
suggestion that asthma could be one manifestation of persistent chlamydia1infection in susceptible individuals.
Seroepidemiologic studies agree that C. pneumoniae antibody prevalence is
low in preschool children, rises steadily to over 50% by early adulthood and continues to increase slowly into old age, suggesting repeat or persistent infection
throughout the adult life span [9]. Childhood infection as determined by polymerase chain reaction (PCR) testing can be found in many children who do not
develop antibodies until years later, suggesting that infection may occur earlier in
life than suggested by the serologic data [13].A high prevalence of C. pneumoniae DNA has been reported in peripheral blood mononuclear cells of heart disease
patients (59%) and also in middle-aged blood donors (46%) [14], supporting the
presence of persistent systemic infection suggested by the seroepidemiologic
data. Such high background rates of infection in the population suggest that it
may be difficult to prove that C. pneumoniae infection is specifically and causally
related to asthma.

Cbdamydiapneumonia@in Asthma: Case Reports
In their original 1986 report describing the clinical spectrum of acute TWAR respiratory infection in a university population, Grayston et al. [15] described one
culture-positive 35-year-old with persistent symptoms that included wheezing
following pneumonia. In 1989,Fryden et al. [16] reported a patient who developed
severe chronic asthmatic bronchitis following an acute C. pneumoniae infection
diagnosed by serology. In 1992 Hammerschlag et al. [lo] also reported on a persistently culture-positive health care worker who developed asthmatic bronchitis,

and in 1993 Kawane [17] reported a patient with cough-variant asthma, bronchial
hyperreactivity, elevated IgE, eosinophilia and high titers of C. pneumoniaespecific IgG (1:1024) and IgA (1:32) who responded to macrolide therapy. In 1994
Hahn [18] reported on a 35-year-old man with asthma, eosinophilia, persistent
positive cultures and stable IgG titer (1:128) who, after prolonged antibiotic treatment, became culture-negative, had no asthma symptoms or eosinophilia and had
normalization of pulmonary function. In 1994 Thom et al. [19] reported on a
patient with an acute infection who developed persistent symptoms of new reactive airways disease and Thom [20] also reported a PCR-positive 21-year-old college student with an acute primary infection who developed pneumonia and
bronchospasm. Lastly, in 1996 Aldous et al. [21] reported an MIF-positive 4 yearold Tanzanian boy with fever and bronchospasm.
These case reports suggest that acute C.pneumoniae infections can initiate new
asthma symptoms and that treatment in the acute phase of asthma development
can improve or eradicate asthma symptoms, at least in the short-term. These case
reports have been supplemented by additional case series of asthma patients with
evidence of C. pneumoniae infection.

Chlamydia weumoraiae in Asthma: Case Series
Children
In 1991 Korppi et al. [22] studied 188 hospitalized children less than 6 years old
with expiratory difficulty and reported 8 who seroconverted as measured by a
Chlamydia genus-specific enzyme immunoassay (EIA) test but in whom specific tests for C. trachomatis were negative. In 1995 Korppi et al. [23] reported
additionally that, of 449 children aged 1 month to 8 years with lower respiratory
tract infection, 9 of 12 with MIF-positive chlamydial infections (including 2
C. pneumoniae infections) had bronchial obstruction. In 1994, Emre et al. [24]
reported that 13 (11%) of 118 children aged 5 to 16 years with acute wheezing
episodes were culture positive, but only 3 of 13 seroconverted by MIF testing; 9 of
12 culture-positive children had clinical and laboratory improvement in asthma
after microbiologic eradication, which was difficult to achieve in some cases.
Other observations from that study were one culture-positive child who wheezed
for the first time and lack of seroconversion in 6 of 7 persistently culture-positive
children. Also in 1994, Cunningham et al. [25] reported on 96 outpatient children
with asthma studied by a sensitive nested PCR test; over a 1-year observation
period the cumulative rate of PCR positivity was 45 (47%) of 96. Positivity was
equally distributed between pharyngeal lavage samples obtained during exacerbations and during asymptomatic periods; however, symptom frequency was
associated with detection of C. pneumoniae-specific nasal lavage sIgA. The high
rates of PCR positivity were confirmed by Johnston [26], who studied children
admitted to hospital with wheezing and bronchiolitis and found that respiratory
secretions were positive by nested PCR in 18% of patients aged less than 3

ths and 58% in those aged over 5 years. In 1995 Priickl et al. [27] reported on
hildren aged 5-16 years with acute or chronic respiratory infections; 3 had
positive gargled-water specimens and also had chronic obstructive bronherapy. In 1996 Gnarpe et al.
1s which had proved resistant
respiratory infections and
tudied 210 children aged
found that 40 (19%) had a positive throat PCR test; 8 PCR-positive children had
asthma.

Adults
In 1991,Hahn et al. [29] tested 365 adult outpatients with acute lower respiratory
tract illnesses and identified 19 patients with acute C. pneumoniae infection diagnosed by serology (19) and culture (1); 9 infected patients wheezed during the
acute illness, 4 had exacerbations of previously diagnosed asthma and 4 others
had newly diagnosed asthma after illness. In 1994 Hahn and Golubjatnikov [30]
reported on two additional patients with acute C. pneumoniae infection diagnosed serologically; one patient rapidly developed severe, steroid-dependent
asthma and the second had persistent asthma symptoms and chronic obstructive
pulmonary disease (COPD). In 1994, Allegra et al. [31] studied 74 adult outpatients with an acute asthma exacerbation and reported that 3 had acute primary
and 4 had acute secondary C. pneumoniae infections diagnosed serologically;2 of
these 7 had a positive pharyngeal swab for the organism detected by an indirect
immunofluorescence test. In 1995 Resta et al. [32] reported on 91 adults with respiratory infections and found serologic evidence of recent infection in 13; 3 had
asthmatic bronchitis and 5 had exacerbations of COPD. In 1995 Hahn [33] treated 46 adults with moderate to moderately severe chronic persistent asthma symptoms who were also seroreactive to C. pneumoniae (MIF titer 2 1:16, median
1:128) and reported that 25 (54%) had major (18) or complete (7) symptom
improvement confirmed by pulmonary function testing. In 1996 Hahn [34] also
reported on 10 adult outpatients with a first-ever wheezing episode and found
that 8 had MIF seroconversions (acute primary infection) and 2 had acute secondary infections; 5 of these 10 developed chronic asthma during follow-up, and
another patient was culture-positive later during development of chronic bronchitis. In 1996 Peeling et al. [35] performed detailed serologic testing on 14 asthmatic adults whose sera contained antibodies to the genus-specific chlamydial
heat shock protein 60 (CHSP60) antigen. All CHSP60-reactive asthma patients
had titers 2 1:16 against C. pneumoniae-specific IgG and IgA antibodies, and 5
had IgE antibodies detected by immunoblotting against the 60,62 and/or 70 kDa
antigens of C. pneumoniae; 13 of 14 CHSP-60 positive patients reported that their
asthma began after an acute respiratory infection (the "infectious asthma" syndrome). Lastly, in 1998 Hahn et al. (361 reported treatment results for 3 patients
(aged 13,45 and 65) with severe, steroid-dependent asthma and MIF IgG titers of
1:512; all 3 were able to discontinue oral steroids and remained well-controlled on
lesser amounts of inhaled topical therapy (2 adults) or had complete resolution of
asthma symptoms (the adolescent).
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ignificant association of IgA antibody (titer 2 1:10) and asthma (72% of
44% of controls, OR 3.7,l.l-9.0) but comparable re valence for IgG titers
cidentally and were not causal. Examination of the results of a growing numb
of controlled epidemiologic studies could help to determine whether evidence
infection is associated with asthma.

ChIamydiapneumoniae in Asthma: ControHed Studies
In 1991 Hahn et al. 1291 reported the first epidemiologic study to find significant
associations of C. pneumoniae antibody with wheezing during acute respiratory
illness and with the subsequent development of asthmatic bronchitis. In that study
of 365 adults, the adjusted odds ratio (OR) for an MIF titer of 1:64 or greater and
wheezingwas 2.1 (1.1-4.2). Comparing 71 exposed cases (titer t 1:64) and 71 unexposed controls (titer < 1:16) with acute respiratory infections, Hahn et al. [29] also
reported a highly significant association of antibody with the development of asthmatic bronchitis within 6 months after illness (OR 7.2, 2.2-23.4). In a follow-up
study in 1994 Hahn and Golubjatnikov [30] reported a significant association for
C. pneurnoniae seroreactivity (titer 2 1:16) and pulmonary function-confirmed
adult-onset asthma (100% of asthma cases versus 53% of nonwheezing controls
with acute respiratory infections, P< 0.001). In 1994 Peters et al. [37] reported on
122 adult patients with acute respiratory illness (ARI) and healthy controls and
found that acute MIF antibody was present in 22% of 46 asthma exacerbations
compared to 8% of nonasthma ARI (P< 0.001) and in 4% of matched controls
without ARI (P< 0.001). In 1994 Emre et al. [24] studied 188 inner city children
aged 5-16 with asthma exacerbations and 41 healthy age- and sex-matched controls and reported that 11% of cases and 5% of controls were culture-positive
(P=NS). Serologic results were available for 70 cases (including 12 of 13 culturepositive cases) and 24 controls; no MIF antibodies were detected in 58% of culturepositive cases, 55% of culture-negative cases and 46% of controls (P= NS). In 1995
Weiss et al. [381 compared 68 adults with bronchospasm and 26 asymptomatic
controls and found comparable levels of IgG titers > 1:16 (87% and 92%, respectively,P=NS). In 1995 Emre et al. [39] looked for evidence of C. pneurnoniae-specific IgE by immunoblot in 45 children with and without cult~re-~roven
infection
and found that 86% of 14 culture-positive asthma cases were positive compared to
9% of culture-positive pneumonia (P< 0.001), 18% of culture-negative asthma
(P< 0.001) and 22% of culture-negative asymptomatic patients (P< 0.006). In 1996
Emre et al. [401reported on 56 patients aged 1-47 years with cystic fibrosis (32 haspitalized cases with an acute exacerbation and 24 clinically stable outpatient controls) and reported that 4 cases and no controls were culture-positive;3 of 4 culture-positive cases were wheezing. C. pneurnoniae-specific IgE was detected by
immunoblotting in 4 of 4 culture-positive cases, 2 of 18 culture-negativecases and

asthma syndrome had IgA titers 2 1:16 (62%) and IgG titers 2 1:16 (93%) significantly more often (P< 0.01) than did noninfectious asthma patients (22% and
61%, respectively). In 1996 Bjornsson et al. [43] studied 122 subjects with asthmarelated symptoms and 75 general population controls and reported that cases with
wheezing compared to controls without wheezing had more IgM t 1:16 and/or IgG
2 1:512 (OR 6.7,1.3-35.7). Also, bronchial hyperresponsiveness (BHR)as measured
by the methacholine challengetest was associated with IgA titers t 1:32 (cases 22%,
controls 8%, OR 3.3, 1.3-8.3). In 1996, Briiggen et al. [44] claimed that 70% of 100
intrinsic adult asthma patients compared to 27% of general population controls
had positive C. pneurnoniae throat antigen detection using a monoclonal antibody
immunofluorescence test ( P < ~ . o o ~In) . 1998 cook et al. [45] reported that IgG
titers 2 1:64 and 5 1:256 were associated with severe "brittle" asthma compared to
nonasthmatic hospitalised controls (cases 35%, controls 13%, OR 3.99,3.6-9.9). In
1998von Hertzen et al. [46] tested consecutive patients with asthma or allergy aged
15 years and older and found that an IgG titer 2 1:128 was associated with asthma
with symptomatic nonasthmatic patients (cases 34%, controls 17%, OR
2.6,1.4-4.8). They also found that the reported serologic association was stronger
for nonatopic asthma (OR 3.3, 1.4-4.7) than for atopic asthma (OR 2.1,0.7-5.8).
Lastly, in 1998 Miyashita et al. [47] reported a series of serologic associations ( I ~ G
21:16, IgG geometric mean titer (GMT), IgA 2 1:16, IgA GMT, IgM t 1:16 or
IgG=1:512 or fourfold titer rise) that were all significantly associated with 168
acute exacerbations of asthma compared to 108 matched nonasthmatic controls.
With one exception [38], the seroepidemiologic studies reported significant
associations of various aspects of reactive airways disease (wheezing, brochospasm, bronchial hyperreactivity, diagnoses of asthmatic bronchitis or asthma) with various serologic parameters of C. pneurnoniae infection. The study of
Weiss et al. [38] that failed to find any association of bronchospasm and 1gG antibodies was characterized by an exceptionally high prevalence of 1gG in controls.
Another pertinent negative serologic result was reported by von Hertzen et al.
[46] who were able to demonstrate significant antibody associations only in
females; again, the male control group was notable for having an extremely high
antibody prevalence. Cook et al. [45] were unable to demonstrate significant antibody associations in mild asthma. It has been reported that skin test-positive,
childhood-onset asthma patients have lesser amounts of antibody [48] and
milder disease [7] than adult-onset asthma patients who become symptomatic
after an acute respiratory infection (the "infectious asthma" syndrome). An
inverse association of skin test positivity and C. pneurnoniae antibody related to
age of onset is depicted in Fig. 1. Emre et al. [24] were able to demonstrate a high-

0 Posltlve skln test(s),%
loo

1 1C. pneumonlae seroreactlve, %

a subjects met eligibility criteria for randomization o n the basis of a n IgG
64 and/or an IgA titer 2 1:16 [50].
e of the major limitations in all the above epidemiological studies i n asthma populations is the lack of a true comparison in the general population. With
the aim of evaluating the possibility of significant differences between asthmatics and the general population in terms of C. pneumoniae seropositivity and
chlamydia1 DNA detection, a large multicenter national epidemiological study is
now underway. The PISAC study (Prevalence Italian Study Asthma and Chlamydia) is being carried out in Italy and will enrol 450 asthma patients and 1350 subjects randomly selected from electoral rolls. Seroepidemiological prevalence of
IgG, IgM, and Igh antibody fractions to C. pneumoniae and detection of C. pneumoniae DNA in peripheral blood circulating monocytes will be performed in all
The results of these trials and of others that are being planned will be crucial
to answering the question of whether and to what extent persistent and treatable
infection is present in asthma.
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Fig.1. Frequencies of positive skin tests (one or more positive tests against a battery of
common aeroallergens) (open bars) and C.pneumoniaeseroreactivity (total Ig titer of 1:16
or greater in the microimmunofluorescencetest) (black bars) in patients from a primary
care outpatient setting. Skin test positivity was significantly related to younger age of
reported asthma onset (P< 0.0001), and C. pneumoniae seroreactivity was significantly
related to older age of reported asthma onset (P<0.01)

er prevalence of positive cultures in asthma cases (11%) than controls (5%) but
the difference failed achieve statistical significance. Relationships between positive cultures and/or PCR detection in the upper respiratory tract and the presence
of deep lung infection in asthma have not been determined.
Associations with fourfold titer rises and/or IgM antibodies can be reliably
attributed to acute infections, whereas the association with high stable titers
(2 1:512) in the setting of chronic disease such as asthma is a less certain indicator of acute infection [34,49]. The majority of the studies reviewed above reported associations of asthma with titer levels deemed "pre-existing" or "chronic."
While the associations are specific for C. pneumoniae [49], it must be emphasized
that these seroepidemiologic studies cannot distinguish between a previous
exposure and current persistent infection. Some authors believe that the associations with IgA antibodies of short half-life suggest persistence [41,47]. The possibility of persistent infection is supported by the clinical observations that treatment appears to be beneficial and that this benefit could be correlated with
microbiologic eradication (24,331. In a preliminary analysis of screening results
in a n ongoing international randomized trial of macrolide therapy in adult asthma, proposed and chaired by L. Allegra, P. Black, and F. Blasi, 59% of 459 adult
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