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ABSTRACT: Previous studies have suggested that chronic Chlamydophila pneumoniae
infection may play a role in the pathogenesis of asthma. However, most studies have
been based on serology and have been unable to differentiate acute from chronic
infection.

The present authors assessed the presence of acute and chronic C. pneumoniae
infection in 74 spouse pairs, each consisting of one atopic asthmatic and one nonatopic
nonasthmatic. Nasal secretions were sampled every 2 weeks from October to December
and actively replicating C. pneumoniae infection was detected by specific RT-PCR.

C. pneumoniae was detected in 31 out of 709 samples analysed, 23 (6.4%) were
positive in 362 samples from asthmatic participants and in eight out of 347 (2.3%)
samples from their normal spouses (with a significant difference in infection rates, 95%
confidence interval: 4.2%, 1.2–7.2%). A total of 16 (22%) asthmatic and seven (9%)
normal participants were positive at least once during the study.

These data confirm that Chlamydophila pneumoniae infection is detected more
frequently among asthmatic participants than normal control participants. Further
studies are required to confirm whether infections are also present in the lower airway
and whether Chlamydophila pneumoniae infection plays a role in disease pathogenesis.
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Asthma is an important chronic respiratory disorder
responsible for a heavy burden of illness [1]. Recent studies
demonstrate that acute respiratory viral infections, principally
rhinovirus, are associated with the majority of asthma
exacerbations in adults and children [2, 3].

Chlamydophila pneumoniae is a respiratory pathogen
known to infect the upper and lower respiratory tracts [4],
and although many infections are believed to be asympto-
matic, it is also known to cause a variety of respiratory
syndromes [5–8]. Recent studies have suggested that this
organism may have a role in the pathogenesis of newly
diagnosed and chronic stable asthma in both adults
and children [9–13]. However, these studies have been based
on serological tests, which cannot reliably differentiate
between past and present infection or acute and chronic
infection and which may be cross-reactive with other
Chlamydia species.

Further evidence suggesting a role for chronic C. pneumo-
niae infection in asthma pathogenesis comes from a recent
study that demonstrated improvement in asthma severity
after 6 weeks of treatment with a macrolide antibiotic, active
against C. pneumoniae, in asthmatic participants seropositive
for C. pneumoniae [14]. However, the improvement was small
and only apparent during continued therapy, and the study
was unable to differentiate anti-inflammatory properties of
the macrolide from antimicrobial properties. Furthermore,
the study by BLACK et al. [14] did not look for direct evidence
of infection at recruitment, evidence of eradication of

infection, or investigate whether deterioration following
cessation of therapy was related to re-infection [15].

The present authors have previously used PCR to
demonstrate a high prevalence of C. pneumoniae infection in
nasal aspirates (NA) from asthmatic children and a relation-
ship between the local specific-immunoglobulin (Ig)A immune
response and asthma severity [16]. These data suggested that
chronic low-grade C. pneumoniae infection may be implicated
in asthma pathogenesis. However, this study did not include a
control group of normal children. Furthermore, no previous
study has included regular sampling to determine duration of
detection.

The present authors have recently shown that asthmatic
subjects are more susceptible to rhinovirus infections than
normal individuals [17] and that asthmatic subjects have
relatively impaired antiviral (interferon (IFN)-c and inter-
leukin-12 production) immunity to rhinovirus infection [18].
IFN-c production is known to be important in the resolution
of C. pneumoniae infection [19, 20]. The current authors,
therefore, hypothesised that asthmatic individuals may be
more susceptible to C. pneumoniae infection than normal
individuals.

The aim of the present study was to investigate the
frequency of C. pneumoniae infections in participants with
atopic asthma and in control participants without asthma or
atopic disease using direct detection by PCR. Regular
sampling was carried out to allow the current authors to
determine duration of any positive detection.
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Methods

Participant recruitment and sample collection

Spouse pairs consisting of an atopic asthmatic individual
and a nonatopic nonasthmatic partner, both aged between
18–50 yrs, were recruited to the study. The diagnosis of
asthma was confirmed by use of a modified International
Union against Tuberculosis and Lung Disease questionnaire
[21], and atopic status was confirmed by skin prick testing to a
range of common allergens. All participants were nonsmok-
ing and asthmatic participants were mild-to-moderate in
severity, being treated in accordance with steps 1–3 of the
British Thoracic Society guidelines. Treatment with oral
steroids was an exclusion criterion. The spouse-pair study
design was adopted to ensure that the exposure to infectious
organisms would be as closely matched as possible, as
exposure is a major potential confounding variable. Full
details of recruitment methods are given in a previous
report [17].

Participants attended the department every 2 weeks with
each member of a couple attending on the same day, or
within 24 h if this was not possible. At each visit a NA
was taken as previously reported [17]. A total of 74 spouse
pairs entered the study and provided a total of 709 NA
samples that were analysed for the presence of C. pneumoniae
using RT-PCR. All participants gave signed written informed
consent and the study was approved by the Southampton
University and Hospitals Joint Ethics Committee, South-
mapton, UK.

Chlamydophila pneumoniae-specific RT-PCR

A nested RT-PCR assay for replicating C. pneumoniae was
performed on cDNA synthesised with random-hexamers
from total RNA extracted from the NA samples. PCR was
carried out to detect mRNA of the major outer membrane
protein (MOMP) gene. This PCR was developed from a
previous PCR that used DNA amplification only [16] and
which may, therefore, have detected nonreplicating chlamy-
dophilal DNA. The MOMP is produced in abundance during
chlamydophilal replication. Therefore, detection of mRNA
coding for this protein would indicate active replication.
Following pre-incubation at 94uC for 2 min, the reaction
cycle consisted of denaturation at 94uC for 20 s, annealing at
52uC for 20 s for the first round or 63uC for 20 s for the
second round, and the extension at 72uC for 30 s, with 25
cycles for the first round and 35 cycles for the second round.
The sensitivity by gel electrophoresis (GE) of the second-
round product was 4.5 fg of C. pneumoniae cDNA. All
positive samples were reconfirmed by repeat analysis and
all RNA extractions, primary PCR amplifications and
secondary PCR amplifications were undertaken in dedicated
laboratory areas with dedicated pipettes and filtered tips. A
minimum of two negative controls were incorporated into
each run.

The outer (first round) primers used were APNOU (59 AAT
TCT CTG TAA ACA AAC CC 39) and APNOL (59 ATT
AAG AAG CTC TGA GCA TA 39), and the inner (second
round) primers were APN1 (59 AGC CTA ACA TGT ACA
CTC TGA T 39) and APN2 (59 TGC CAA CAG ACG CTG
GCG T 39) generating a 487 base-pair product detected by
GE.

A short cloned fragment of C. pneumoniae DNA and two
clinical samples known to be positive for C. pneumoniae
from a previous study [16] were used for positive controls.

Negative controls were noninfected PBS. The sensitivity by
GE of the second round product was 4.5 fg of C. pneumoniae
DNA.

Analysis of data

Within the 709 samples, the association between C.
pneumoniae infection and asthma was investigated using
Pearson9s Chi-squared test. To allow for the fact that some
individuals were infected on more than one occasion, and that
atopic asthmatic and normal partners were paired with
respect to exposure to infectious agents (in addition to the
previously described positive sample analysis), a paired
spouse analysis on frequency of C. pneumoniae infection
among couples occurring at any time during the 3-month
study was performed using the Wilcoxon signed-rank test.
The association among asthmatic participants of the use of
inhaled steroids with one or more C. pneumoniae infections
was analysed using Fisher9s exact test.

Results

Baseline characteristics

A total of 74 couples completed the study. The median age
of both groups was 36 yrs (range 26–50 yrs for the asthmatic
group and 26–47 yrs for the nonasthmatic group). A total of
709 NA were analysed.

Chlamydophila pneumoniae detection

There were a total of 31 C. pneumoniae positive samples, of
which 23 out of 362 (6.4%) were from the atopic asthmatic
participants and eight out of 347 (2.3%) were from the normal
spouses (Pearson9s Chi-squared: 7.284, p=0.007; difference
4.2%, 95% CI: 1.2–7.2%) (fig. 1a). All positive samples gave
unequivocally positive bands on RT-PCR (fig. 2).

The paired analysis confirmed a significantly higher
frequency of C. pneumoniae detections in the asthmatic
group (16 out of 74 (22%) infected on one or more occasion
during the study) compared with the normal control group
(seven out of 74 (9%) infected; p=0.012 using the Wilcoxon
signed-rank test; fig. 1b).

Relationship between Chlamydophila pneumoniae and
inhaled steroid therapy

An association between C. pneumoniae infection and
disease has been suggested in participants with steroid-
dependent asthma [11, 22]. For this reason, an association
between the use of inhaled steroids and the presence of one or
more C. pneumoniae infection was only examined in asthmatic
participants. A total of 52 out of 74 atopic asthmatic
participants were treated with inhaled steroids (70%), while
22 (30%) were not. C. pneumoniae was detected in 10 out of
52 (19%) of the participants treated and six out of 22 (27%)
not treated with inhaled steroids. The difference was not
significant using Fisher9s exact test (p=0.539).

Acute versus chronic Chlamydophila pneumoniae infection

Of 31 positive samples, 24 were preceded by a negative
sample taken 14 days earlier and followed by a negative
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sample taken 14 days later, suggesting acute infections ofv28
days duration. There were three participants in whom
consecutive samples were positive. One participant was
positive for two consecutive samples, having been previously
negative, and became negative on the next sample; the
maximum duration of this infection, therefore, was v42
days. In the remaining two, the duration could not be defined
as one was positive at entry to the study and the other was
positive at the end of the study. The participant positive at
entry was positive for three consecutive samples, but then
became negative on all subsequent samples. The participant
positive at the end of the study was negative initially and then
positive for two consecutive samples at the end of the study.

All three participants with consecutive positive samples were
asthmatic.

Discussion

The authors of the present study have shown a higher
frequency of detection of C. pneumoniae in NA samples from
atopic asthmatic participants compared to their nonatopic
nonasthmatic spouse controls. The increased detection
frequency among asthmatic participants was more than
double that observed in normal individuals, whether judged
by number of samples positive (6.4 versus 2.3%, respectively),
or by number of participants positive at least once during the
study (22 versus 9%, respectively).

The present authors elected to use PCR as the method of
detection due to molecular methods of detection being more
sensitive than culture in genito-urinary and respiratory
chlamydophilal infections [23, 24] and because PCR of NA
is clearly the method of choice for the detection of upper
respiratory infectious agents [2, 3]. The current authors
developed a specific RT-PCR for C. pneumoniae to detect
mRNA coding for the MOMP gene, allowing us to detect
replicating organisms. The current authors also elected to use
regular sampling every 2 weeks over a 3-month period to
determine whether positive detections were short term or
chronic. Finally, the use of spouse pairs minimised any
differences between groups in terms of exposure to infectious
agents.

To the best of the authors9 knowledge, the present study is
the first to demonstrate a higher frequency of C. pneumoniae
detection in mild-to-moderate asthmatic participants com-
pared with control participants using direct detection
methods. It is possible that the study design employing
spouse pairs, among who close proximity might favour higher
rates of transmission, may have actually underestimated the
degree of increased frequency of detection in asthmatic
subjects. Several studies have shown a higher prevalence of
antibodies to C. pneumoniae in asthmatic compared to normal
control subjects [11, 25–27], and one study has shown a
relationship to disease severity [12]. These studies have not
been able to differentiate acute from chronic infection,
although several have hypothesised the presence of chronic
C. pneumoniae infection. The results of the present study
demonstrate that, of detections in which the duration was
defined, only one detection could have been of w28 days
duration. Of the two detections in which duration could not
be defined, one ended and the other began during the study.
Therefore, it is unlikely that these were chronic infections.
The present study has, therefore, been unable to demonstrate
the presence of true chronic upper respiratory infections with
C. pneumoniae in asthma. In contrast, the current study has
demonstrated an increased frequency of detection of upper
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Fig. 1. – Frequency of detection of Chlamydophila pneumoniae mRNA
for nonatopic nonasthmatic and atopic asthmatic subjects. a) Percen-
tage of total nasal aspirate (NA) samples collected, positive for
detection of C. pneumoniae mRNA, and b) paired analysis of
percentage of subjects with at least one NA sample positive for
detection of C. pneumoniae mRNA at any time during the 3-month
study period for nonatopic nonasthmatic (h) and atopic asthmatic
(u) subjects. #: p=0.007, Pearson9s Chi-squared test; }: p=0.012,
Wilcoxon signed-rank test.
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Fig. 2. – RT-PCR detection of Chlamydophila pneumoniae in nasal aspirate samples. L: DNA sizing ladder; C: positive control C. pneumoniae
DNA; N: negative control samples. Lanes 2–23 are clinical samples. Lanes C, 5 and 14 are positive for C. pneumoniae with clear PCR products
of correct size; all others are clearly negative.
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respiratory C. pneumoniae detections of short duration in
asthma.

The present authors were unable to determine with
certainty whether the detected mRNA is a marker for acute
infection, reactivation, colonisation or chronic infection. The
belief of the current authors is that the PCR-positive
detections were detecting very low bacterial loads, hence,
the need for a nested PCR to detect them. Therefore, it is
possible that these detections relate to short-term colonisation
or low-grade reactivation, rather than acute or chronic
infections. These data may, therefore, suggest that the
previously reported serological data may relate to short-
term colonisation or low-grade reactivation, as opposed to
chronic infections. It is interesting to note that all three of
the participants with infections of longer duration were
asthmatic.

A possible explanation for the above findings would be the
presence of impaired immune responses to C. pneumoniae
infections in asthma. There is no published data on immune
responses to C. pneumoniae infections in asthma, but the
present authors have recently reported impaired antiviral
immune responses to rhinoviruses in asthmatic compared to
normal subjects [18]. The impaired immune response included
deficient production of IFN-c in response to rhinovirus. IFN-
c is an antiviral cytokine, which is also known to be important
in immune responses to C. pneumoniae infections [19, 20]; it is,
therefore, possible that impaired production of IFN-c in
response to C. pneumoniae infections in asthma plays an
important role in the increased detection frequency observed
in the present study.

An alternative explanation for the previously reported
serological findings is that chronic C. pneumoniae infections
may occur in the lower but not upper respiratory tract in
asthma. It was elected to study upper respiratory tract
samples in the present study as the authors believed large
numbers of participants and samples would be required to
address the hypothesis, and obtaining lower respiratory tract
specimens involves more invasive procedures, such broncho-
scopy or sputum induction. KUOPPA et al. [28] have
demonstrated that, with acute infection, the detection rate
with a PCR assay for C. pneumoniae is higher from sputum
than for throat swabs or nasopharyngeal aspirates. Such
studies are now required to investigate whether the present
findings reflect the position in the lower respiratory tract.

A possible confounding factor in the present study is the
use of inhaled steroids by asthmatic participants. Therefore,
the current authors examined whether there was any
association between the use of inhaled steroids and the
presence of one or more C. pneumoniae infections within
the asthmatic group. Although BLACK et al. [12] reported that
the use of high-dose inhaled steroids was associated with an
increase ofw70% in the titre of IgA and IgG antibodies, it was
not possible to detect a significant influence of inhaled steroid
use on the frequency of detection of C. pneumoniae. However,
it is possible that the failure to detect such a relationship
resulted from lack of power.

In conclusion, the present authors have demonstrated an
increased frequency of detection of C. pneumoniae infections
of w2-fold among asthmatic participants compared with
normal control participants using RT-PCR in NA from
participants matched as closely as possible for exposure to
infectious agents. The present authors were unable to find
evidence of chronic infection, but detections among asthmatic
participants may have been of longer duration than among
normal participants.

Further studies are required to determine whether these
results are applicable to the asthmatic lower airway and, if so,
whether Chlamydophila pneumoniae plays an important role
in disease pathogenesis.
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