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Infection as a comorbidity of COPD
S. Sethi

ABSTRACT: The normal lung has several defence mechanisms to deal with microorganisms.

Lower respiratory infections in the absence of lung disease are therefore relatively infrequent as

compared with upper respiratory tract infections in healthy adults. In the setting of chronic

obstructive pulmonary disease (COPD), lower respiratory tract infections, both acute and chronic,

occur with increased frequency. As these infections contribute considerably to the clinical course

of the patient with COPD, they constitute a significant comorbidity in COPD. Recurrent acute

infections by bacterial and/or viral pathogens are now clearly linked with the occurrence of

exacerbations of COPD. In addition, the occurrence of pneumonia in COPD has received

considerable recent attention as it appears to be increased by the use of inhaled corticosteroids.

The role of chronic infection in the pathogenesis of COPD is an active area of research with

several different types of pathogens potentially implicated. Additionally, COPD patients with HIV

infection have a more rapidly progressive decline in lung function than non-HIV-infected patients.

Enhanced understanding of the host–pathogen interaction is needed to better prevent and treat

respiratory tract infection in COPD.

KEYWORDS: Chronic obstructive pulmonary disease, community-acquired pneumonia, HIV,

infection

H
istorically, the term ‘‘comorbidity’’ has
been used to indicate a medical condition
existing simultaneously with but inde-

pendently of another condition. Recently, how-
ever, use of the term comorbidity has broadened
to suggest a reciprocal or causal relationship
between two disease states. Certainly, in the case
of chronic obstructive pulmonary disease
(COPD), this perspective is intriguing from both
an academic and a clinical perspective. It is likely
that infection has a larger role than currently
recognised in the pathogenesis of COPD, and the
relationship between the two can be viewed as a
complicated comorbid one, which may affect
both the direction and course of each problem.
The present article reviews the potential con-
tribution of bacterial infection as a comorbid
condition to the aetiology, pathogenesis and
clinical course of COPD. Table 1 lists bacterial
pathogens implicated in acute and chronic infec-
tions in COPD.

INFECTION CYCLES IN COPD
Under normal conditions, the healthy human
tracheobronchial tree and lung parenchyma have
a remarkable ability to maintain sterility, in spite
of repetitive exposure to microbial inocula from
micro-aspiration and inhalation. In the setting of

COPD, however, this innate lung defence
appears to be disrupted as a result of exposure
to smoke and other environmental irritants. The
impairment in lung defence results in two
distinct infection cycles in COPD that could
contribute to progressive loss of lung function
(fig. 1).

The acute cycle is well recognised. The lung in
COPD becomes susceptible to repeated acute
airway mucosal infections with viruses and
bacterial pathogens, leading to episodes of
increased inflammation and worsened symp-
toms, which are clinically diagnosed as exacer-
bations of COPD.

The less well-recognised infection cycle in COPD
is the chronic cycle, whereby microbial colonisa-
tion results in chronic inflammation and lung
destruction, conceptualised as the ‘‘vicious circle
hypothesis’’ [1]. This hypothesis posits that once
impaired innate lung defence due to tobacco
smoking allows microbial pathogens to become
established in the lower respiratory tract, the
microbial pathogens further impair mucociliary
clearance and lung defence due to increased
mucus secretion, disrupted ciliary activity and
airway epithelial injury [1]. Thus, microbial
colonisation of the lower airways in patients with
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COPD can perpetuate itself. Furthermore, this chronic pre-
sence of bacteria in the lower airways is not innocuous; rather,
it induces inflammation and can contribute to progressive
airflow obstruction and lung damage characteristic of this
disease [1].

ROLE OF INFECTION IN COPD EXACERBATIONS: A
HISTORICAL PERSPECTIVE
Recurrent acute exacerbations secondary to infections by
bacterial and/or viral pathogens are seen in almost all patients
with COPD. Although exacerbations were previously per-
ceived as a nuisance problem with no serious consequences,
there is now ample evidence that they contribute to poor
quality of life, mortality and progression of lung disease in
COPD [2]. Furthermore, exacerbations have been shown to
account for 35–45% of the healthcare costs for COPD, as they
lead to both in-patient and outpatient healthcare utilisation [3].

For decades, researchers explored the role of bacterial infection
in COPD exacerbations, yet consensus remained elusive. Early
studies based on culture of respiratory secretions and
serological tests revealed that about one-third of exacerbations
were related to viral infection. However, in the remaining

cases, the aetiology appeared to be uncertain; specifically, the
significance of bacterial isolation from sputum was unclear [4].
A causal relationship between bacteria and exacerbation was
largely discredited when longitudinal studies showed similar
rates of isolation of Streptococcus pneumoniae and Haemophilus
influenzae from sputum during both acute exacerbations and
stable disease [4–8]. A significant limitation of these studies
was their failure to differentiate among strains within a
bacterial species [9], as the technology was not available at
that time for such differentiation. Consequently, changes in
strains within a species in the airways of individual patients
over time were undetected.

In recent years, new research techniques, including molecular
typing, have led to renewed interest in the area of bacteria and
COPD. Recent studies have used more sophisticated diagnostic
tools and the application of molecular technologies to further
explore a causal relationship between infection and exacerba-
tion.

MECHANISMS OF BACTERIAL PATHOGENESIS
IN COPD
In order to explain bacterial pathogenesis of exacerbations in
spite of similar frequency of bacterial isolation during stable
disease and exacerbations, it was previously quite popular to
apply a bacterial load model for the pathogenesis of acute
exacerbations attributing increased bacterial concentration in
the lower airways as a cause of exacerbation [10, 11]. This
hypothesis, however, was not well supported by empirical data.

An alternative model that is now well supported with
empirical evidence is based on the premise that acquisition
of new bacterial strains from the environment is the major
driver of exacerbations (fig. 2) [12]. In this model, following
acquisition of a new bacterial strain, the balance between the
virulence of the pathogen and the host lung defence
determines the degree of excess airway and systemic inflam-
mation engendered by the bacterial pathogen. The degree of
increased inflammation in turn determines the extent of
symptoms, which, if they lead to the patient seeking
healthcare, are diagnosed as an acute exacerbation. The host
mounts an adaptive immune response to the infecting bacterial
strain, which, possibly augmented by the use of antibiotics,

TABLE 1 Bacterial pathogens implicated in acute and chronic infections in chronic obstructive pulmonary disease

Microbe Role in exacerbations Role in stable disease

Bacteria

Haemophilus influenzae 20–30% of exacerbations Major pathogen

Streptococcus pneumoniae 10–15% of exacerbations Minor role

Moraxella catarrhalis 10–15% of exacerbations Minor role

Pseudomonas aeruginosa 5–10% of exacerbations, prevalent in advanced disease Likely important in advanced disease

Enterobacteriaceae Isolated in advanced disease, pathogenic significance undefined Undefined

Haemophilus haemolyticus Isolated frequently, unlikely cause Unlikely

Haemophilus parainfluenzae Isolated frequently, unlikely cause Unlikely

Staphylococcus aureus Isolated infrequently, unlikely cause Unlikely

Atypical bacteria

Chlamydophila pneumoniae 3–5% of exacerbations Commonly detected, pathogenic significance undefined

Mycoplasma pneumoniae 1–2% of exacerbations Unlikely

Progressive loss of 
lung function and 

deteriorating
quality of life

Chronic 
inflammation 
(microbial+

host-mediated
inflammatory factors)

Acute on 
chronic inflammation

(pathogen+
host-mediated

inflammatory factors)

Impaired host 
defences:
Respiratory viruses
New strains of bacteria
Environmental irritants
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irritants
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Chronic microbial
colonisation

Acute
cycle

Chronic
cycle

FIGURE 1. Two distinct infection cycles in chronic obstructive pulmonary

disease.
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controls and eventually eliminates the infecting strain.
However, because the immune response is strain-specific,
antigenically unrelated strains from the same species and of
course other bacterial species cause recurrent exacerbations.

Much of the evidence to support this model of exacerbation
pathogenesis comes from an ongoing prospective cohort study
in COPD in my own centre (VA Medical Center at Buffalo,
Buffalo, NY, USA). A cohort of 50 patients with COPD was
initially enrolled in 1994, with additional enrolment as needed
to maintain the size of the cohort. These patients were seen
monthly and whenever they had symptoms suggestive of an
exacerbation [9]. At each visit, clinical information, and
sputum and serum samples were collected. Molecular typing
was performed on strains of non-typeable H. influenzae, S.
pneumoniae, Moraxella catarrhalis and Pseudomonas aeruginosa
collected over 6–10 yrs [9]. The study found that the frequency
of exacerbations increased more than two-fold at clinic visits at
which a new strain with one of these four major pathogens was
isolated from sputum (fig. 3a) [9]. Statistically significant
increased risk of exacerbations was seen with H. influenzae, S.
pneumoniae and M. catarrhalis acquisition.

Recently, we have extended these observations. A proportion
of the isolates initially identified as variant H. influenzae in the
ongoing COPD study previously referred to, were later
characterised as non-haemolytic Haemophilus haemolyticus
[13]. A re-examination of the relationship between H. influenzae
strain acquisition and exacerbation after excluding the H.
haemolyticus strains showed a four-fold increase in the
incidence of exacerbation associated with such acquisition
[13]. Re-examination of the relationship between acquisition of
new strains of P. aeruginosa with COPD exacerbation after the

addition of 4 years of data to our original data set revealed that
such acquisition did indeed increase the risk of exacerbation by
more than three-fold (fig. 3b) [13, 14].

If isolation of new bacterial strains at exacerbation is indeed
causal, then a distinct inflammatory profile should be seen
with these exacerbations when compared with exacerbations
without new strains. When airway and systemic inflammation
during new strain exacerbations are compared with exacerba-
tions without new bacterial strains, a greater intensity of
neutrophilic airway inflammation and systemic inflammation
is demonstrated in the former group [15]. Furthermore, WHITE

et al. [16] have shown that clearance of bacteria following
10 days of treatment with antibiotics for purulent sputum
exacerbations was associated with a reduction in neutrophilic
inflammation, while bacterial persistence was associated with
persistent elevation of airway inflammation.

The contribution of bacterial load to the occurrence of
exacerbations of COPD is uncertain. To explore this question,

Acquisition of new bacterial strain

Pathogen virulence
Host lung defence

Change in airway inflammation

Level of symptoms

Strain-specific immune response
+/- antibiotics

Colonisation

Elimination of
infecting strain

Tissue invasion
Antigenic alteration

Persistent infection

Exacerbation

FIGURE 2. Current model of pathogenesis of bacterial exacerbation in chronic

obstructive pulmonary disease. Reproduced and modified from [12], with

permission from the publisher.
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FIGURE 3. a) New strain isolation and exacerbation frequency. b) Updated

data regarding the relationship of new strain acquisition and exacerbation

frequency for Haemophilus influenzae (HI), Haemophilus haemolyticus (HH) and

Pseudomonas aeruginosa (PA). NTHI: non-typeable HI; MC: Moraxella catarrhalis;

SP: Streptococcus pneumoniae. Relative risk (95% CI) of exacerbation in a) were:

any 2.15 (1.83–2.63); NTHI 1.69 (1.37–2.09); MC 2.96 (2.39–3.67); SP 1.77 (1.14–

2.75); PA 0.61 (0.21–1.82). Relative risk (95% CI) of exacerbation in b) were: HI 4.09

(2.89–5.80); PA: 3.36 (1.88–6.03). *: p,0.05. a) Based on data reported by

SETHI et al. [9]. b) Based on data reported by MURPHY and co-workers [13, 14].
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additional analysis of the ongoing COPD study was undertaken
to determine whether increased bacterial concentrations function
as a separate mechanism for exacerbation induction, indepen-
dent of new strain acquisition. Among pre-existing strains,
no differences in sputum concentrations of H. influenzae and
H. haemolyticus were reported during exacerbation compared
with stable disease [17]. Concentrations of Haemophilus parain-
fluenzae were significantly lower during exacerbations than
during stable periods, and S. pneumoniae trended similarly.
Among new strains of M. catarrhalis and H. influenzae,
however, increased concentrations of ,0.5 log were in fact
observed during exacerbation, as compared with during
stable visits [17]. Although statistically significant, this small
difference in bacterial load is unlikely to be biologically
significant [18]. The findings demonstrate that exacerbations
are not a function of increased bacterial concentration of pre-
existing bacterial strains. The small increases in concentrations
of new bacterial strains during exacerbation that were
observed in this study may be a function of host–pathogen
interaction and are unlikely to be an independent mechanism
for exacerbations of COPD for the pathogens included in that
study [17]. However, Enterobacteriaceae, P. aeruginosa and
Staphylococcus aureus have been implicated in COPD exacer-
bations and were not systematically examined in this study;
therefore, bacterial load changes could be a mechanism of
exacerbations for these pathogens. Bacterial load is also an
important determinant of airway inflammation, with increas-
ing concentrations associated with greater intensity of neu-
trophilic airway inflammation [19, 20].

Another approach to examining the role of bacteria during
exacerbations is to study the development of specific immune
responses to bacterial pathogens following exacerbations. Such
specific immune responses to infecting strains of H. influenzae,
S. pneumoniae and M. catarrhalis have been demonstrated,
either systemic (serum immunoglobulin (Ig)G) and/or muco-
sal (sputum IgA), particularly when the strain is a new
acquisition. Furthermore, for H. influenzae, this immune
response has considerable strain specificity [21–23], allowing
antigenically disparate strains of this species to cause recurrent
exacerbations.

Recent studies have also demonstrated that co-infection with
virus and bacteria is seen in about a quarter of exacerbations,
and these episodes tend to be of greater clinical and
physiological severity [24, 25].

ANTIBIOTIC TREATMENT OF EXACERBATIONS
Clarification of the role of bacteria in exacerbations of COPD,
meta-analyses of randomised placebo-controlled trials and
recent epidemiological studies support the use of antibiotics to
treat selected exacerbations of COPD [26–28]. Current guide-
lines recommend the use of antibiotics for moderate and severe
exacerbations (i.e. those requiring hospitalisation or charac-
terised by at least two of the three cardinal symptoms of
increased dyspnoea, sputum volume and/or sputum puru-
lence) [26, 29]. In mild exacerbations, which do not meet the
severity criteria above, withholding antibiotics and treating
symptomatically is recommended [26, 29].

Rather than using the same antibiotic for all exacerbations as
initial empiric therapy, a stratification approach to choosing an

antibiotic that takes into account risk factors for poor outcome
and the probability of infection with an antimicrobial-resistant
pathogen is currently advocated [26, 29]. Patients with
exacerbations can be stratified into complicated (those with
one or more of the following risk factors: advanced age, severe
airflow obstruction, frequent exacerbations, comorbid cardiac
disease) or uncomplicated (none of those risk factors).
Complicated patients should be treated with a fluoroquinolone
or amoxicillin/clavulanate, whereas for uncomplicated
patients, a macrolide, cephalosporin, tetracycline or trimetho-
prim/sulfamethoxazole is appropriate. In all patients, a class
of antibiotics that differs to those received in the previous
3 months for any reason should be used, in order to minimise
ineffective therapy because of antibiotic resistance. Response to
therapy should be evaluated at 48–72 h.

COMMUNITY-ACQUIRED PNEUMONIA IN COPD
A major cause of hospitalisation and a common cause of death
[30], community-acquired pneumonia (CAP) is most com-
monly seen in individuals who smoke cigarettes and/or have
COPD [31]. However, controversy exists as to whether the
prognosis of pneumonia is altered by pre-existing COPD.

A population-based case–control study of CAP assessed that
the population-attributable risk of tobacco smoking on the
development of CAP in adults was 32% [32]. Ex-smokers were
reported to have a reduction of ,50% in CAP risk after 5 yrs of
tobacco-smoking cessation; after 10 yrs, the risk was compar-
able to lifelong nonsmokers [32].

Concerns have been raised that the use of inhaled corticoster-
oids, which are commonly used to treat COPD, may increase
the risk for CAP. This was most apparent in the large TORCH
(TOwards a Revolution in COPD Health) study, which
compared inhaled fluticasone, salmeterol and combined
salmeterol/fluticasone to placebo over 3 yrs [33]. In this study,
both the inhaled steroid-containing arms were associated with
increased incidence of pneumonia, with a doubling of the
incidence in the combination arm from 4 to 8% over the 3-yr
period. A meta-analysis of 11 studies of combination prepara-
tions (fluticasone/salmeterol and budesonide/formoterol) has
confirmed these findings, with an OR 1.83 (95% CI 1.51–2.21)
increase in the overall risk for pneumonia attributed to the
combination treatment [34]. In a retrospective database
analysis, the effect appeared to be dose-related, with doses
.1,000 mcg?day-1 of beclomethasone equivalent more likely to
be linked to pneumonia than lower doses. One cautionary area
in the interpretation of these findings is that in most instances,
a clinical diagnosis of pneumonia was made without radio-
graphic confirmation. It is possible that some instances of
reported pneumonia were in fact severe bacterial exacerbations
characterised by purulent sputum, fever and/or localised
physical findings, leading the clinician to a diagnosis of
pneumonia.

The mechanism of this adverse effect of inhaled steroid use in
COPD is not well understood. In a pathologic study of resected
lungs from patients with very severe COPD, inhaled steroid
use was associated with a reduction in the number of
lymphoid follicles in small airways. One can speculate that
this represents blunting of the immune response to bacterial
infection in the distal lung, altering the host–pathogen balance
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in airways, thereby increasing susceptibility to bacterial
infections presenting as CAP.

The impact of underlying COPD on the outcome of CAP is at
present unclear. Some retrospective studies of patients with
COPD have reported increased mortality risks [35, 36] but
others have not [37, 38]. Mechanisms that may contribute to
poor CAP outcome in COPD include the presence of resistant
bacteria, which were perhaps not properly treated from the
outset, as well as reduced lung reserve. Factors that could
actually decrease mortality from CAP in COPD include prior
immune experience with related bacterial pathogens that may
have protective effects, enhanced airway inflammation, and
the use of systemic corticosteroids acutely for treatment of the
concomitant ‘‘exacerbation’’ [38].

COPD has been observed to alter the pathogens associated
with CAP. Although the pneumococcus still remains predo-
minant, an increased incidence of H. influenzae and occasion-
ally M. catarrhalis is seen. The presence of very severe COPD
with concomitant bronchiectasis and repeated courses of
antibiotics predisposes these patients to pneumonia caused
by P. aeruginosa [39]. However, aetiological diagnosis of
pneumonia becomes more difficult in COPD because chronic
colonisation confounds the interpretation of sputum culture
results. COPD and smoking also increase serum titres to
Chlamydia pneumoniae, rendering serological diagnosis for this
infection difficult to interpret, especially when single titres are
used for diagnosis.

CHRONIC INFECTION IN COPD
Microbial pathogen presence in the airways of patients with
COPD has been regarded as ‘‘colonisation’’, primarily because
of the absence of acute symptoms of infection. However, the
appropriate definition of colonisation is the presence of a
pathogen that does not cause damaging effects to the host or
elicit a host response. In contrast, several recent studies show
that bacterial pathogens are associated with host inflammatory
and immune responses in stable COPD [40–46]. These findings
suggest that application of the term colonisation to the lower
airway bacterial presence in COPD is a misnomer, because it is
likely that it is a low-grade chronic infection, with significant
pathophysiological consequences. Various microbial patho-
gens have been implicated in chronic infection in COPD. These
include typical bacteria such as non-typeable H. influenzae and
P. aeruginosa, atypical bacterium such as C. pneumoniae, viruses
such as adenovirus and possibly respiratory syncytial virus,
and recently a fungus, Pneumocystis jiroveci.

The vicious circle hypothesis is a useful conceptual model
showing how chronic infection can contribute to COPD
progression (fig. 1). Evidence supporting this hypothesis is
accumulating, such as the demonstration of a microbial
colonisation-associated lower airway neutrophilic inflamma-
tion, as discussed below. Additional support for this hypoth-
esis comes from the demonstration of persistent inflammation
in ex-smokers with COPD, pathological evidence of local
adaptive immune responses in the small airways in COPD, and
radiological evidence of bronchiectasis developing in advanced
disease [40]. Chronic microbial infection can contribute to
inflammation in COPD as a direct inflammatory stimulus or
indirectly by altering the host response to tobacco smoke.

More than 40 yrs ago, LAURENZI et al. [41] demonstrated the
first protected specimen brushings to reveal pathogens in the
lower respiratory tract of patients with COPD and chronic
bronchitis, in contrast to sterile lung environments in healthy
nonsmokers. BANDI et al. [42] used in situ hybridisation and
immunofluorescence microscopy to demonstrate intracellular
H. influenzae in bronchial mucosal biopsies of eight out of 24
patients with clinically stable COPD.

In longitudinal sputum samples obtained from patients in our
COPD study clinic, we observed gaps in the presence of strains
of H. influenzae in sputum by culture. Molecular detection,
however, established that strain-specific H. influenzae DNA
was detected in the majority of the sputum samples that had
yielded negative cultures, demonstrating persistent infection
[43]. Similar observations have now been made for P.
aeruginosa, implying that sputum cultures underestimate the
frequency of bacterial colonisation in COPD.

COLONISATION AS AN INFLAMMATORY STIMULUS IN
STABLE COPD
Several studies have demonstrated that colonization of the
tracheobronchial tree could serve as an inflammatory stimulus
in the airway and potentially contribute to disease progression
[44]. An observational study of 67 subjects with clinically stable
moderate-to-severe COPD revealed that those with potentially
pathogenic microorganisms (PPMs) in their sputum exhibited
higher neutrophil differential counts, greater sputum super-
natant levels of interleukin (IL)-8, leukotriene B4, tumour
necrosis factor (TNF)-a and neutrophil elastase, and a more
exaggerated neutrophil chemotactic response than the non-
colonised subjects [45]. In another study, bronchoalveolar
lavage (BAL) was used to determine the pattern of airway
inflammation in smokers and patients with stable COPD, and
its relation to bronchial microbial colonisation [46]. Eight
nonsmoking and 18 smoking controls as well as 52 patients
with COPD were studied. 40% of the smoking controls and a
third of the COPD subjects were colonised in the bronchial
tree. When colonised subjects from both groups were
compared to noncolonised subjects, the presence of PPMs
was significantly associated with bronchial neutrophilia and
higher TNF-a concentration [45].

In order to further test the hypothesis that bacterial colonisa-
tion is associated with airway inflammation in stable COPD,
BAL was obtained in three groups of subjects: 26 ex-smokers
with stable COPD, 20 ex-smokers without COPD (ex-smokers),
and 15 healthy nonsmokers (nonsmokers) [44]. Quantitative
bacterial cultures, cell counts, chemokine, cytokine, protei-
nase/antiproteinase, and endotoxin levels in the BAL fluid
were compared [44]. PPMs were recovered in 34.6% of COPD,
0% of ex-smokers, and 6.7% of nonsmokers. Colonised COPD
subjects had significantly greater relative and absolute neu-
trophil counts, IL-8, active matrix metalloproteinase-9 and
endotoxin levels in the BAL than the noncolonised COPD
subjects. Several inflammatory constituents of BAL were also
significantly elevated in colonised COPD subjects when
compared with ex-smokers and nonsmokers. These results
further demonstrate that bacterial colonisation drives inflam-
mation of the distal airways in patients with COPD [44].
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Latent adenovirus infection has been shown to exaggerate the
inflammatory response to tobacco smoke, both in lung tissue
specimens and in an animal model [47]. With sensitive
molecular detection techniques, the presence in lung tissue of
several other viruses, such as respiratory syncytial virus,
Epstein–Barr virus and other microbial pathogens
(Pneumocystis and Chlamydia, for example), has been demon-
strated. The significance of these observations is as yet
undefined but these pathogens could play a role in COPD
pathogenesis in selected patients.

CHRONIC INFECTION AND COPD PROGRESSION
Although the rate of decline in lung function following
smoking cessation returns to that of a non-smoker in patients
with early COPD, this may not be the case with more advanced
disease. As discussed above, persistent airway inflammation in
ex-smokers is observed in relation to microbial colonisation.
Whether this microbial colonisation-induced inflammation
contributes to COPD disease progression is not clear, though
some suggestive evidence exists. In a small study of 30 patients
with advanced COPD, WILKINSON et al. [48] observed that an
increase in airway bacterial load over the 1-yr follow-up was
related to a decline in forced expiratory volume in 1 s (FEV1).
Additional larger studies are required to confirm and extend
these observations.

ANTIBIOTIC USE IN STABLE COPD
Prophylactic or suppressive antibiotic treatment of bacterial
infection in COPD was attempted several decades ago and is
once again emerging as a therapeutic option [49]. In studies
performed prior to 1970, there was a statistically significant
benefit to such treatment, but it was small and because of
concerns of antibiotic resistance, such treatment was not
recommended [49]. Ongoing studies are examining intermit-
tent treatment with inhaled and oral fluoroquinolones and
chronic treatment with low-dose macrolides in patients with
COPD and repeated exacerbations. Results of these studies will
determine whether such treatment is effective and safe.

ROLE OF HIV INFECTION IN COPD
Several investigations suggest that HIV infection is an
independent risk factor for the development of COPD [50].
An intriguing link between HIV and COPD is infection with
Pneumocystis. The frequency of Pneumocystis colonisation rises
with increasing severity of airflow obstruction in COPD,
suggesting a possible pathogenic link [51]. In addition, there
have been several reports that HIV-seropositive people
develop an accelerated form of emphysema, an effect that is
compounded in HIV-positive patients with a history of
smoking [52]. Additional mechanisms undoubtedly contribute
to the observed association between HIV and COPD. These
include a high rate of smoking in the HIV-positive population,
the presence of HIV in the lung, increased oxidative stress
related to the viral load, and recurrent pneumonia. The degree
of immunosuppression and use of antiretroviral therapy may
also impact on development or progression of COPD in HIV
disease [50].

CONCLUSION
Respiratory infection, both acute and chronic, is likely to have
a larger role than currently recognised in the pathogenesis and

course of COPD. COPD is heterogeneous; therefore, the role of
infection may vary among patients with this disease. It is also
likely to be more significant in the airway (bronchitis,
bronchiolitis) than in the parenchymal (emphysema) compo-
nent of COPD. Infection and COPD appear to have a reciprocal
and causal relationship, thereby denoting infection as a
comorbid condition in COPD. Predisposition to infection in
COPD is partly related to smoking but appears to worsen
when airflow obstruction develops in smokers. Enhanced
understanding of the host–pathogen interaction in the setting
of COPD will lead to new strategies for the prevention of
exacerbations and novel interventions for the prevention of
COPD progression.
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