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Specific prevention of infective exacerbations of COPD is required http://ow.ly/vdIIh

Guidelines indicate that pharmacological treatment of chronic obstructive pulmonary disease (COPD) is

based on bronchodilators with the addition of inhaled corticosteroids (ICS) in frequent exacerbators [1].

Although this recommendation is in accordance with the best evidence available, it does not take into

account that more than half of the exacerbations are infective and infections are not adequately prevented

or treated by ICS. In fact, no pharmacological treatment has been able to suppress all exacerbations and, on

the contrary, the long-term use of ICS has been associated with higher airway bacterial load in stable COPD

[2], and increased risk of pneumonia [3] and tuberculosis [4].

Clinicians have always been aware that not all exacerbations of COPD are alike. Some must be treated with

anti-infective agents while others respond better to systemic corticosteroids. Markers such as sputum colour

and C-reactive protein levels are useful to differentiate exacerbations and guide therapy [5, 6]. Recent

studies have further characterised these different types of exacerbations, and identified bacterial, viral,

inflammatory (eosinophilic) and pauci-inflammatory phenotypes of exacerbations, with the majority (59%)

of exacerbations being bacterial or viral. Interestingly, the phenotype of the exacerbation remains constant

in a given patient [7]. However, despite these different phenotypes of exacerbations, no studies have

attempted to investigate whether different treatments would be more effective in preventing one type of

exacerbation or another.

Both the high bacterial load in the airways in stable COPD and an increased frequency of exacerbations have

been associated with a more rapid decline in lung function and an impairment in quality of life [8–10].

More recently, the presence of bronchiectasis in patients with COPD [11] and the persistent colonisation by

unusual microorganisms [12] have also been associated with increased mortality. These findings justify the

identification of an ‘‘infective phenotype’’ that is usually a frequent exacerbator with mucous hypersecretion

producing dark sputum during the stable state that is more abundant during exacerbations, and who

requires frequent courses of antibiotics and probably demonstrates cylindrical bronchiectasis on computed

tomography [13]. Treatment with bronchodilators and ICS never fully prevents infective exacerbations in

this phenotype of patients.

In order to treat patients with frequent infective exacerbations better, we need to understand the

pathogenesis of acute and chronic bronchial infection in COPD. GEORGE et al. [14] studied sputum samples

from 77 patients with COPD during the stable state and exacerbations, and used real-time quantitative PCR

for both human rhinovirus (HRV) and usual respiratory bacteria. They found that HRV prevalence and

load during exacerbation were significantly higher than in the stable state and no HRV was found 1 month

after the exacerbation. This observation confirms previous results obtained by other investigators. The
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increase in the prevalence and load of microorganisms during exacerbations has also been observed in the

seminal studies by MONSÓ et al. [15] and HILL et al. [16], and has more recently been confirmed by GARCHA

et al. [2] using microbiological culture and the more sensitive quantitative PCR as in the current study by

GEORGE et al. [14]. Among others, these studies support the ‘‘fall and rise’’ hypothesis that suggests that

exacerbations originate from an uncontrolled increase in bacterial and/or viral load in the airways that is

paralleled by an increase in local (bronchial) and systemic inflammation [17]. In this context, there is

growing evidence that the interaction between viruses and bacteria is crucial for the development of

infective exacerbations, and in a significant number of cases, the viral infection can be the precipitating

factor for a subsequent bacterial episode.

Viruses account for ,30% of exacerbations, either alone or as copathogens, with the most frequent being

picornaviruses (especially rhinovirus), influenza virus and respiratory syncytial virus [18]. Viral

exacerbations have been associated with more severe respiratory symptoms, a higher rate of additional

symptoms (cold, sore throat, increased dyspnoea and fever), slower recovery and frequent previous

exacerbations [19]. Co-infection with viruses and bacteria can be found in 20–30% of hospitalised COPD

exacerbations, being particularly important in severe cases [20].

Viral infection may facilitate subsequent bacterial infection or increase the number of bacteria already

present in the lower airways [21]. The relationship between upper-respiratory viral infection and COPD

exacerbations has been demonstrated by MALLIA et al. [22] in a study with experimental rhinovirus infection

in COPD patients and healthy subjects. After being infected with rhinovirus, COPD patients developed

more severe and prolonged respiratory symptoms, greater lung function impairment and increased airway

inflammation, all resembling naturally occurring exacerbations [22]. Moreover, rhinovirus infection

induces impairment of antibacterial host defence [23] and alters the respiratory microbiome [24], with a

subsequent rise in bacterial burden and an outgrowth from bacteria present at baseline that precipitates

bacterial infection. This human experimental model has been confirmed by the clinical results presented by

GEORGE et al. [14] in their cohort of patients in which the exacerbations that were positive for HRV but

negative for bacteria at presentation presented a significant increase in bacterial load, with 73% becoming

positive for bacteria by day 14. In a significant number of patients this peak in bacterial load was associated

with an increase in respiratory symptoms.

The findings described above challenge the concept of the acquisition of a new bacterial strain as the main

cause of a bacterial exacerbation. This concept was developed by SETHI et al. [25], who observed that

isolation of a new strain of a common respiratory bacterium in sputum was associated with a significantly

increased risk of an exacerbation (relative risk 2.15, 95% CI 1.83–2.53). However, during the study, there

was a large number of medical visits with isolation of a new strain without associated exacerbation, and in

15.4% of visits in which no new strain was identified, the patients had clinical symptoms of an exacerbation.

Their results indicate that acquisition of new strains of bacteria may also be an initiating event for an

exacerbation, but not the only one. A complex host–pathogen interaction in the airways probably

determines the outcome of each new bacterial strain acquisition in COPD, and the balance between host

defense and pathogen virulence determines the level of proliferation of the pathogen, which, in turn,

determines the increase in airway inflammation. Large increases in airway inflammation result in greater

physiological changes, which lead to enough symptoms to be identified as an exacerbation. When the

adaptive immune response limits the proliferation of the pathogens or dampens the inflammation, the

bacterial infection is addressed as colonisation [26]. Are these two mechanisms, change in bacterial strain

and previous viral infection, independent of each other? It is difficult to say, because no viral detection was

performed in the studies by SETHI et al. [25] and no strain identification was made in most studies analysing

the virus–bacterium interaction. We have enough evidence to suggest that a change in bacterial strain is

associated with the initiation of an exacerbation, and that viral infection is associated with exacerbation and

subsequent bacterial infection. It is possible that viral infection can lead to an infection by a new bacterial

strain and both mechanisms could coexist in a given patient, but apparently both can initiate an

exacerbation by themselves.

The interaction between viral and bacterial infection has a practical implication for management. Episodes

of exacerbation that initiate with cold symptoms, indicative of a viral infection [19], might be treated with

antibiotics due to the high prevalence of subsequent bacterial infection, at least in severe COPD patients at

high risk of poor outcomes [27], particularly if treatment with antibiotics is delayed [28]. In fact, there is a

strong relationship between colds and exacerbations, both of which peak during the winter. More than 40%

of colds fulfil the definition of an exacerbation of COPD and in exacerbations associated with a cold, coryzal

symptoms occurred prior to the onset of exacerbations in 84% of cases [29].

In summary, both viruses and bacteria are part of the natural history of COPD. They interact in different

ways and result in episodes of increased loads and associated inflammation that are identified as
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exacerbations, or may persist at low loads with inflammation of low intensity, which is commonly known as

colonisation, but more appropriately called chronic bronchial infection. Both acute and chronic infection

have a role in disease progression and are usually not considered in treatment guidelines that focus the

pharmacological management of COPD with bronchodilators and ICS. It is questionable whether COPD

patients with chronic infection should be treated similarly to those without; they probably require an

individualised approach [30]. The interaction between infection-related and COPD-specific pathophysiology

should be taken into account in further studies on either the prevention or therapy of COPD exacerbations.
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15 Monsó E, Ruiz J, Rosell A, et al. Bacterial infection in chronic obstructive pulmonary disease. A study of stable and

exacerbated outpatients using the protected specimen brush. Am J Respir Crit Care Med 1995; 152: 1316–1320.
16 Hill AT, Campbell EJ, Hill SL, et al. Association between airway bacterial load and markers of airway inflammation

in patients with stable chronic bronchitis. Am J Med 2000; 109: 288–295.
17 Miravitlles M. Exacerbations of chronic obstructive pulmonary disease: when are bacteria important? Eur Respir J

2002; 20: Suppl., 9s–19s.
18 Mohan A, Chandra S, Agarwal D, et al. Prevalence of viral infection detected by PCR and RT-PCR in patients with

acute exacerbation of COPD: A systematic review. Respirology 2010; 15: 536–542.
19 Seemungal T, Harper-Owen R, Bhowmik A, et al. Respiratory viruses, symptoms, and inflammatory markers in

acute exacerbations and stable chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2001; 164: 1618–1623.
20 Papi A, Bellettato CM, Braccioni F, et al. Infections and airway inflammation in chronic obstructive pulmonary

disease severe exacerbations. Am J Respir Crit Care Med 2006; 173: 1114–1121.
21 Wilkinson TMA, Hurst JR, Perera WR, et al. Effect of interactions between lower airway bacterial and rhinoviral

infection in exacerbations of COPD. Chest 2006; 129: 317–324.
22 Mallia P, Message SD, Gielen V, et al. Experimental rhinovirus infection as a human model of chronic obstructive

pulmonary disease exacerbation. Am J Respir Crit Care Med 2011; 183: 734–742.
23 Oliver BGG, Lim S, Wark P, et al. Rhinovirus exposure impairs immune responses to bacterial products in human

alveolar macrophages. Thorax 2008; 63: 519–525.
24 Molyneaux PL, Mallia P, Cox MJ, et al. Outgrowth of the bacterial airway microbiome after Rhinovirus

exacerbation of chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2013; 188: 1224–1231.
25 Sethi S, Evans N, Grant BJ, et al. New strains of bacteria and exacerbations of chronic obstructive pulmonary

disease. N Engl J Med 2002; 347: 465–471.
26 Anzueto A, Sethi S, Martinez FJ. Exacerbations of chronic obstructive pulmonary disease. Proc Am Thorac Soc 2007;

4: 554–564.
27 Matkovic Z, Huerta A, Soler N, et al. Predictors of adverse outcome in patients hospitalised for exacerbation of

COPD. Respiration 2012; 84: 17–26.
28 Wilkinson TMSA, Donaldson GC, Hurst JR, et al. Early therapy improves outcomes of exacerbations of chronic

obstructive pulmonary disease. Am J Respir Crit Care Med 2004; 169: 1298–1303.
29 Hurst JR, Donaldson GC, Wilkinson TMA, et al. Epidemiological relationships between the common cold and

exacerbation frequency in COPD. Eur Respir J 2005; 26: 846–852.
30 Miravitlles M, Soler-Cataluña JJ, Calle M, et al. Treatment of COPD by clinical phenotypes. Putting old evidence

into clinical practice. Eur Respir J 2013; 41: 1252–1256.

COPD AND RESPIRATORY INFECTIONS | T. WELTE AND M. MIRAVITLLES

DOI: 10.1183/09031936.00041914 13


	Ref 1
	Ref 2
	Ref 3
	Ref 4
	Ref 5
	Ref 6
	Ref 7
	Ref 8
	Ref 9
	Ref 10
	Ref 11
	Ref 12
	Ref 13
	Ref 14
	Ref 15
	Ref 16
	Ref 17
	Ref 18
	Ref 19
	Ref 20
	Ref 21
	Ref 22
	Ref 23
	Ref 24
	Ref 25
	Ref 26
	Ref 27
	Ref 28
	Ref 29
	Ref 30

